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ABSTRACT

ANNAH B. WYSSingle Nucleotide Polymorphisms in Nucleotide Excision Repair Genes and Head
and Neck Cancdrisk andutcomes
(Under the direction of Dr. Andrew Olshan)

An estimaed 52,10 incidenthead and neck cancg(HNC) with 11460 assciated deaths
occurred in thdJSduring 2011. Cigarette smoke contributes to HNC risk by causing DKy
adducts.Suchadducts are removed byucleotide excision repair (NERrocessesPrevious studies
have suggested that polymorphisms in NER genes are independent risk factors for HNC, as well as
modifiers ofsmokingHNCassociations Treatment of HNC withadiation andplatinum-based
chemotherapies also produce bulky DNA adducts, antigus studiesuggest independemMlER
SNPandjoint SNPtreatment associations withiINC survival.

Racespecific (white and African Americasgds ratios (OR€Nd95% intervals (Idpr the
individual and joint effects d34 single nucleotidgnolymorphismgSNPsin 15NER genes and
cigarettesmoking on HNC rislere estimated from nconditionaland hierarchicalogistic
regressiormodels singdata fromthe Carolina Head and Neck CangpidemiologfCHANCE)
Sudy (1,227 cases and,325 control3. Racespecifichazard ratios (HRs) and 95%nfidence
intervals CI9 for the individual and joint effects dhe same SN&n NER genes and treatment
(surgery, radiation, and chemotherapy) sarvivalamong casew/ere estimated usingox
proportional hazards mods|with Bonferroni correctd pvaluesto account for multiple
comparisons

Among whites, rs4150403 ERCCBXPB)vas associated with increased HNgk (OR=1.28,

95%I1=1.01, 1.61)Among African Americans, rs42531832ERCC®as associated with decreased



HNCrisk(OR=0.62, 9590.45, 0.86)For HNC survivalprassociations were significaat a
Bonferronicorrected alpha of 0.0006. Howeves3136038ndrs31361300f ERCCédnd rs5087 bf
ERCC@XPD)vere suggestively associated wahmilarly improveduvival among whites at an
uncorrected 0.05 alphéoverall survival HR8.80 and diseasepecific survival HIR8.70).Likewisg
rs2607755f XPGvassuggestivehassociated witimprovedsurvival among African Americans
(overall survival HFD.62 ad diseasespecific survival HR.51) A fewSNPcigarette smoking and
SNPRtreatment interactionssuggested possible additive effects

We conductedne of the largesand most comprehensive evaluations of SNPs in multiple
NER genes, identifying ordyfew SNPs from biologically plausible genes associated with HNC risk or

survival and possiblyinteracting with cigarette smoking or treatment
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CHAPTER 1
BACKGROUND AND LIAEBRE RVIEW
1.1SPECIFIC AIMS

Inthe United Statesn estimaed 52,140 incidentcases of oral cavity, pharyngeal and
laryngeal cancers, with 1460 assciated deathccuredin 2011(1). Tobacco is a wedlstablished
risk factor for head and nedancer(HNC)ncidence, with well ove20 cohort and caseontrol
studies demonstrating strong associatid). Nucleotide excision repair (NER) genes remove bulky
DNA adducts caed by cigarettes smokin{) and are therefore considered independent predictors
for HNC, as well as important modifiers of associations between tobacco an{43N@/ith regard
to HNC mortality, treatment is a strong prognostic factor and NER genes are believed to also modify
the association between treatment and HNC survival through increased/decreased DNA repair
activities(6,7)

Previous research indicates significant associations betywwesmorphisms ilNERgenes
andHNGrisk, but vary with regard to which particular genes are predictive of HNC, as well as the
magnitude of associatiorn(,5,846). Studies regarding the joint effects of cigarette smoking and
NERgenes orHNCriskare more limited, but ame indicatestronger effects among smokers with
polymorphisms in NER gen@s8-10,13,15,16,22,24,288,30,31,33,358,40,44) Studies on HNC
survival have also demonstratemportant effects of polymorphism in NER genes and treatment,
especially with regard to radiation and platindmased chemotherap{7,47-55).

Theimpact of cigarette smoking and variation in NER genes on HNC incidence, as well as

treatment and polymorphisms on survivalagbe furthemodified by raceAfrican Americans



experience higher smoking rateempared to whites in the US6) anda previous study using data
from the Carolina Head and Neck Cancer (CHANCE) pdsted higher magnitude odds ratios for
cigarette smoking and HNC associations among African Amgiccampared to white§57). In
addition,HNCincidence and mortality rates vary by race in the US, and $di@valis particularly
low among African Americamaen (58-62). Yet studies generally do not consider saskociations
stratified by race; only one study to date has report¢R vasant-HNCestimates specific to African
Americang15).

The CHANCE study contains previously collaedéeabgraphic, lifestyland survival dataas
well as DNA samplefr a large and racially diverse populati@b9 whie and 330 African
American cases and 1100 white and 261 African American con%a@l$3,64) DNAsamplesvere
recently genotyped for 1235 single nucleotide polymasgpins (SNPs) in 208 ger{éd). Therefore,
the CHANCE studyssitableto investigatethe associatioabetweenpolymorphisms in NER genes,
cigarette smoking, and treatment and HNC outcorbgsddressing the falvingdissertationaims:

Aim 1: Assess the individual and joint effects pdlymorphisms inNERgenes(15 genes, 84
SNPsand cigarette smoking(ever, frequency, and durationpn HNC riskHypothesis
Polymorphisms ilNERgenes will be associated withNC incidencewith largereffectsamong
smokers compared to never smokekdethods Unconditional logistic regressionillhbe used to
estimate odds ratios (GRand 95% confidence intervalsgdor cigarette smoking, SNPs, and joint
effects. @ne-environment interactions will be assessed for synergistic effects on the additive scale.
Adjustment variables will be determined through a directed acyclic graph (DAG), as well as previous
literature. Possible adjustment variables include: age, sex, educatioily faistory of cancer,
alcohol drinking, cigar and pipe smoking, smokeless tobacco use, marijuana smoking, nutrition, and
oral health. Models will also be adjusted fmcestral informative marker@IMS) and stratified by

race (African American and whitd}values will be corrected for multiple testing using an alpha



adjustment method(s) such as tiBonferronimethod. In additionhierarchical regression will be
employed to address correlation of exposures (i.e. SNPsliimkage disequilibrium, DD

Aim 2:Assess the individual and joint effects pblymorphisms inNERgenes(15 genes, 84
SNPs) and treatmenfvarious types of chemotherapy, radiation therapy, and surgery)risk of
mortality amongHNC caseddypothesisPolymorphisms itNERgenes will i associatedvith
overall survival and diseaspecific survivalwith varying prognosis across treatment types
Methods To assessusvival, CHANCE dataslinkedwith the National Death IndefNDI) to
ascertain deaths through 200@ox proportional haards modes will be used toestimatehazard
ratios HRs)and 95% Glto compare hazarsl ofmortality among caselsased on SNPs MER,
treatment (various types of chemotherapy, radiation therapy, and surgery), and their joint effects.
Interactions will beassessed similar to aim Adjustment variables will be determined using the
methods described in aim 1, and will include clinical variables, such as tumor stagjéeaimd
addition to demographic and behavioral covariates. Models will also be adjustaddéestral
informative markergAIMS) and stratified by race (African American and white). The Bonferroni
method will be used to account for multiple comparisoAbsolute differences in months of survival
will alsobe assessed via Kapteier plots.
1.2 HEAD AND NECK CANGEYRERVIEW
1.2.1Definition

Head and neck cancer (HNE€Ylefined agances of the oral cavitylips, gums, tongue, and
floor and roof of the mouth, also known as the hard palaparynx(nasopharnynx, oropharynx,
including tonss and base of tongue, and hypopharyrafdlarynx(65-67). Nasopharyngeal cancers
are generally considered separate from HNC given the different risk fiiaifle and global

distribution of the cance(68). In addition, most studies of HNC exclude lip cancers since the primary



risk factor for these cancers is sun exposure and not smoking and alcohahg(8%). More than
90% of HNC are squamous cell carcino(iia¥
1.2.2 Natural progression

Although many HNCs arise without detectable premalignantitmns, the presence of
leukoplakia and erythroplakiaay indicate developing diseafgl). Leukopakia is characterized by
white lesions, while erythroplakia is characterized by red lejéhy Several factors affect the
likelihood and rate of progression of pmalignant lesions to cancer, such as anatomic site,
demographic profile of the individual (e.g., age) &mthavioralrisk factors (e.qg., types of tobacco
used)71). For example, it has been suggested that premalignant lesions on the floor of the mouth
are more likely to progress to cancer than other sites within the oral cékityLikewise, some
studies have reported higher rates of regression among pipe smokers or tobacco chewers compared
to cigarette smokers, and smoking cessation has also been associated with a greater likelihood of
tumor regressior{(71). Genetic susceptibility is also an important factor in tumor progreggibn
Alterations of tumor suppressor genes, including p53, are strongly associated with tumor
progression(71)A complete description of molecular and clinical progression from hyperplasia to
cancer can be found in Forastiezeal., 2001(72).
1.2.3Globaland US Burden

Head and neck caer is among thenost common cancers worldwide with nearly 600,000
incidentcases and 300,000 deaths occurring globally each(y&xHigh incidence regions include
India and other parts of Southeast Asia, Brazi§siRu Australia (which is mostly due to lip cancers
attributed to sun exposure), parts of Europe (mainly Spain and France), and the United
Stateg72,74) In the Unied States, theravere an estimateds2,140new cases of oral cavity,
pharyngeal and laryngeal cancers, with4BD associated deaths if021(1). The aye-adjusted

incidencerate for oral cavity and pharyegl cancers in the US is 1@& 100,000 people per year



andthe mortality rate is 2.5 per 100,000eople per yeaf59)(tables 1 and 2)or laryngeal cancers,
the US incidence and mortality rates are pet 100,000 and 1.2 per 100,000, respecti\(ély)
(tables 1 and 2). HNC is a relatively fatal disease with poor survival. Within three years of diagnosis,
approximately a third of patients have died; amaohfgican Americans more than 4D% have died
(61,62)(table 3 and 4). Bfjve years, 40% of patients have died; among African Americans nearly 50
60%(61,62)(table 3 and 4). As of January 1, 2008, the prevalence of HNC in the US was
approximately341,656 men and womeft9,60) It is estimated that 1 in 98 people in the US will be
diagnosed with oral cavity or pharyngeal cancer, and 1 in 277 with laryngeal cancer, during their
lifetime (59,60)
1.3HEAD AND NECK CANIHEMOGRAPHIC RISK FARS
1.3.1 Age

The median age of diagnosimongoral cavityand pharyngeatancercasedn the US is 62
years, withdapproximately 0.6% diagnosaohder age 202.3% between 20 and 3#&ars 6.3%
between & and 44years 20.5% between 45 and yars 27.5% between 55 and §4ars 21.2%
between 65 and 74ears 15.6% between 75 and 8&ars and 6.0% 85+ year£59). The median
age at death among oral cayiand pharyngeal cancer cases in the US is 67 years, with
capproximately 0.2%dying] under age 200.8% between 20 and 3#ars 3.3% between 35 and 44
years 14.6% between 45 and y¢ars 24.0% between 55 and §#ars 23.8% between 65 and 74
years 221% between 75 and 8earsT | Y R M M @ of59). The riedi@n &de MiEdiagnosis and
death among laryngeal cancer cases is 65 and 68, respectively, with age distributions similar to oral
cavity and pharyngal cancer$60).Survival decreases with increasing &€) (table 3 and 4)
1.3.2Sex

Incidence and mortality diNCis much higher in men compared to wemin the US

(59,60) As summarized in table 1, the agdjustedincidence rates for oral cavity amtharyngeal



and laryngeal canceis menwere 2.5 and 4.6 times, respectiyelthe incidence rates in women
(15.7versus 6.2 and 6.0 versus 1.3 per 100,000, respecti{Edyg0) With respect to mortality, the
ageadjuged mortality rates for oral caty andpharyngeal and laryngeal cancéansnenwere 2.8
and 4.4 times, respectively, the mortality rates in womam{ersus 1.4nd 2.2versus 0.5 per
100,00 peoplerespectivelytable 2 (59,60)
1.3.3Race

The incidence of oral cavity and pharyngeal cancers has historically been higher among
African Americans compared to whites in the US; however, starting in 2005 incidence rates
began to be higher among whites due to reagapid decline in incidence among African
American mer{58,75) In 2008, the agadjusted incidence rates of oral cavity and pharyngeal
cancers were 9.1 per 100,000 among Afrigamericans and 11.0 per 100,000 among whites
(58). In contrast, agadjusted mortality rates continue to be higher among African Americans
compared towhites for all HNC subsit€59,60) Incidence and mortality rates based on the
2004-2008Surveillance, Epidemiology and End Req@EER) data are presentedables 1 and
2 according to HNC subsite, race, and genBer.Arican Americans,year survival rates are
30.7% for males and 50.6% for fema(&%,62,76)tables 3 andt). For whites, corresponding
rates are 8.9% andb1.2%, respectively (tables 3 and(@),62,76)
1.3.4SocioeconomiStatus

As with many diseases, social determinants, such as income and edueatiassociated
with HNC outcomesSocioeconomic status is believed to influence a number of other risk factors for
HNC, such as smoking and drinking habits, Highan papillomavirus (HBinfection, and exposure
to harmful chemicals in the workplace and ling, but may also act through other mechanisms
such as access to health information and health care, as well as levels o{ 8fessrecent meta

analysis of 41 caseontrol studies 15,344 oral cancer cases ang 852 controls) considered



associations between various measures of SES and oral cavity Can@@) Since the individual
studies varied greatly with regard to measurement scale of income, aticuppand education,
Conwayet al.(77)selectedthe lowestand highest categories for each variable as reported by the
2NAIAYLFE | dziK2NBR YR GKSy O2fflFLJEASR I ON®RaIa GKS
categories for the metanalysisOf the 41 studiesonsidered five studies reported information on
household income resulting in a summary OR (95% CI) for low income compaigh tedome of
2.41 (1.59, 3.65)77). Fourteenstudies reported on occupation resulting in a summary OR (95% CI)
of 1.84 (95%CIl 1.47, 2.31) for low occupation social class comparaghtodtupation social class
(77). Thirty-sevenstudies reported a education resulting in a summary OR (95% CI) of 1.85 (1.60,
2.15) for low educational attainment compared to high educational attainnény
1.3.5 Family History

Family history is often considered as a markeinbgrited genetic susceptibility, which can
play a strong role in cancer incidence and mortg[it). In 2004 International Head and Neck
Cancer Epidemiology (INHANCEhsortiumbegan pooling HNC casentrol studieshroughout
the world to better characterize risk factof80). Inan INHANCE study on family history, having a
relative diagnosed with HNC was associated with increased risk; OR (95% Cl) was 1.62 (1.32, 1.98)
for 1 affected relative and 2.65 (1.13, 6.22) for 2 or more affected rela(i¥@ps Specifically, having
a parent with HNC was associated with a 45% increase in risk [OR (95% CI0 = 1.45 (1.14, 1.84)] and
having a sibling withiINC was associated with a 123% increase in risk [OR (95% CI) = 2.23 (1.61,
3.08)1(79).
1.3.6 Genetic Variation

In addition to variants in nucleotide excision repair (NER) genes (as will be discussed in detail
in latersections), associations between variants in a number of other genes and HNC have been

investigated. For example, the INHANCE consortium, in collaboration wittetliealEirope study



and theAlcoholRelated Cancers and Genetic susceptibility in Eu(AREAGE) study, recently
published a genomavide analysis (GWA) detailing the association betw2@$,620 variantand
upper-aerodigestive tract (UADT) cancers, including KBY In the first phase of this study,
assaiations between all 294,620 single nucleotide polymorphisms (SNPs) andclddets were
examined in the Central Europed ARCAGE study populatioB®91cases an@®,513controls
from the studies, plus an additiondl821 genomic controlgB1). In the second phase, the top
nineteen SNPs associated with UADT cancer, as identified in phase 1, were then examined for
association with only HNC in the INHANCE population (6,514 cases and 7,892 d8airéisdm
this paper it is unclear wth NER variants were tested, but based on a Bonferroni corrected alpha
f S@St 5x20%), five SBIPRere found to be gjnificantly associated with UADT cancers
rs4767364n ALDH2rs1494961in HEL20&related to theADHgenes); ands1573496, rs1229984
and rs698n ADH/, AHD1Band ADH1Crespectively(81). All of these genes are known to function
in alcohol metabolism, and the individual and joint effeof variants ilALDH2and ADHgenes and
alcohol on HNC incidence and survival in CHANCE were recently analyzed by Dr. Anne Hakenewerth
as part of her dissertatio(64,82)
14HEAD AD NECK CANCHEHRIVIRONMENTANDBEHAVIORAL RISK FARS
1.4.1 CigaretteSmoking

Although the cigarette smoking is on the decline in the US, an estimated 17.2% of
individuals in the US smoke cigaret(&§). With regard toprevalence of smoking bhacein the US
17.4% of whites and 19.166 African Americans smoked in the US in 2(BB). Cigarettes contain
manylARC classified probable and known carcinogens, including tar, nicotine, nickel, arsenic, lead,
benzene and a host of nitrosamin@. The effects of tobacco use on the incidence and mortality of
HNGis well established?). For example, théARC Monograph on Tobacco Sm@Eeoncludel that

there is sufficient evidence for a casual association between cigarette smoking and head and neck



cancerbased on biologic and epidemiologic evidenthe monograpsummarizeghe findings of 3
cohort studieson cigarette smoking and HN«Gth risk ratios RR from 1.5 to 3.4 and over 15 case
control studies withodds ratios (ORRanging from aproximately2.0to 10.0. $rong doseresponse
trends in frequency and duratiomvere also noted across studi€®).

In one of thefirst studies published by INHAN®Ejch included data from 15 casentrol
studiesat the time investigatorsestimated the individual effects of cigarette smoking ldhNCby
focusing analyses on never alcohol drinkerbetter understand thendependenteffects of
cigarette smoking separate from other major risk fact@®3). Among never alcohol drinkers, the
summaryOR(95% CI) focigarette smoking and HNC wiasind to be 2.13 (1.52, 289, with
individual study estimates rangirigpm 0.36 (0.07, 1.91) for Seattle td.53 (4.69, 28.31) for Milan
(83). Given the heterogeneity of studies, which may reflect regional differences in smoking habits
and products among other reasons, the authors considered the impact of removing the four most
influential studies (includingeattle and Milan) which resulted in a summary OR.02 (161, 253)
for cigarette smoking and HN83). The effect estimate also did not change substantially when only
large studies (i.e. more than 500 cases) weresaared(83). The authors alsmoted strong dose
response trend$p<0.001)acrossrequency (cigs/day), duration (yeara)yd cumulative packyears
of cigarette smoking, with ORs over 4.0 for the highest levels of fregyuand packyear®3). With
regardto subsite, INHANCE reported the strongest association for cigarette smoking and laryngeal
cancer Among never alcohol drinkers, Of28% CIs) associated with cigarette smoking vie3é
(0.90, 2.01) for oral cavity cancer, 2.02 (1.34, 3.05) for oropharyngeal and hypopharyngeal cancer,
and 6.84 (4.25 to 11.01) for laryngeal can@3) Theestimatedpopulation attributable fraction of
cigarette snokers among never drinkers was neaf2%and 75% of HNC were attributed to cigarette

smoking and alcohol drinking combinégB,84)



A recently published analysis from the Carolina Head and Neclei&picdemiology
(CHANCE) Study reportadadjusted OR (95% CI) furrrentcigarette smoking compared to never
cigarette smoking wa3.92 (3.00, 5.13\hich agreed with estimates from similarly powered studies
included INHANCE7). Likewise, risk appeared to increase with increasing frequency, duration, and
packyears of use, with ORs 00 for the highest levels dfequency anduration in CHANCE?).
CHANCE also plided an opportunity to consider raegratified estimates. The adjusted ORs (95%
Cls) forcurrentcigarette smoking wer&5.1(7.11, 32.0 among African Americans adL4 (2.36,
4.20)among whiteg57). Increasingrends in frequency, duration, and packyears of use were noted
for each racd57).

Cigarette smoking has also been linked to decreases in survival. Natiomal Institutes of
Health¢ American Association oefitired PersonsNIHAARP cohortstudy, investigators frorthe
National Cancer InstituteNC) found adjusted hazard ratiqgiRsfor former and current smokers
compared to never smokersf 3.47 (2.06, 5.87) and 12.96 (7.81, 21,5@3pectively85). Elevated
risk of death among HNC cases who currently smoke compared temokers was also noted in a
Japanese stud{86).

1.4.2 Use of Other Tobacco Products

Cigars and pipeoatain carcinogens similar to cigarettes aselivered dosages @ome
carcinogens may even liegher in cigars than in cigaretté®). Elevatedriskof head ancheck
canceramong pipe and cigar smokedras been consistently reported in literatuf2,87) For
example, in an unpublished analysis of the ANCEpooledcasecontrol data, the adjusteddRs
(95% Cls) among neveigarette smokers were2(54, 95% CI93, 3.32 for ever cigar smoking and
(2.08, 95% CI=55, 2.8) for ever pipe smokin{f7). Risk of head andeck cancer also increased

with increasing frequency and duration of cigar and pipe smol@nig
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Heavy daily use of smokeless tobacco products directly exposes the oral cavity to
carcinogens and can result in expos to nicotine comparable to that of heavy smokéss).
Previous estimates on the risk of HNC among smokeless tobacco users in the US are varied and
often had to interpret due to low frequencies of users and indistinct definitions of expo@Me A
review by Boffetta on smokeless tobacco and risk of head and neck cancer in (9@,48nsidered
nine studies with risk estimates ranging from 0.9 (0.1, 6.7) to 11.2 (4.1, 30.7). The pooled relative
risk (RR) and 95% ClI for the nine studies2v@$1.3, 5.490). Likewise, studies summarizatthe
IARC Monograph on Smokeless Tob#&88pvaried between null and elevated ORs for ever tobacco
chewers and ever snuff users.dnunpublished IMANCE stdy, the adjusted ORs (95% Cls) among
never cigarette smokers were 1.40 (0.71, 2f@9)ever tobacco chewingnd 1.56 (0.68, 2.44pr
ever snuff usen the US91). Internationally, betel quid and other regional formssofiokeless
tobacco products have been more strongly associated with (8B)C
1.4.3 Environmental Tobacco Smoke

Environmental tobacco smoke (ETS), also knovinvaduntary, passive or secondhand
smoke, occurs from sidestream and exhaled mainstream cigarette s(gkd Although the
composition ad concentration of ETS varies based on the setting, experimental and observational
studies have consistently demonstrated elevated levels of many tobatated carcinogens in the
ambient air(2). Although IARC has classified ETS as a causal agent for lung cancer, relatively few
studies have considered the effects of ETS on HNQr#X) As of April 2012, only six studies were
found to report on the association between ETS and HNQ32s87). Results have been somewhat
mixed with smaller studies tending to find larger magnitude ORs for the association between ETS
and HNC and larger studies more likely to report attenuated (QR87). However, the conclusion
of potentially modest increased risk of HNC associated with ETS was relatively uniform across

studies. Thewo largest studies, both by Lee et al, report@ss (95% &) for ever ET8xposurein
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home or at work ofL.07 (0.85, 1.34in the International Head and Neck Cancer Epidemiology
(INHANCE) consortiu(@2)and1.87 (108, 3.23)\and1.98 (0.77, 5.0Ayith respect to
oral/oropharyngeal and laryngeal/hypopharngyeal cancer in the ARCAGHS8)dyoth of these
studies also found evidence for increasing HNC risk with increasimgitytef ETS exposu(@2,96)
1.44 AlcoholConsumption

Next to cigarette smoking, alcohol drinking is the second most established risk factor for
HNC. Alcohol contains sevepalssible probable and known carcinogeniscludingnitrosamines
(98). Further gendic variants thathelp regulate the metabolism @ficoholcan impacthe levels of
acetaldehydevhichmay cause DNA damage through several pathways, including the formation of
DNA adduct (98). ThelARC Monograph on Alcol@bnsumptior{98)concluded that there is
sufficient evidence to classifycahol as a carcinogen for HNC. Nearly 20 cohort and aasteol
studies have reported positive associations between alcohol and HNC, includingedpease
relationships with highest risk amoigaviestconsumption(98).

In the first INHANCE study on alcohol drinking, investigdbansd the OR (95% QGigtween
ever dinking alcohol and HNtG be 1.18(0.93 to 150) among never tobacco users, with the
association being significdptelevated afte®A Yy Tt dzSY G A £ Q &G dzRASE& 6 SNB
(83). In additionriskof HNC increased with increasing frequency of alcohol drinking€0.0001),
with elevatedrisk amongndividuals whazonsumed 3 or more drinks a dé83). In a subsequent
INHANCE publication on the joint effects of alcohol mtdcco, the authors reported geater
than multiplicativeeffect with aninteraction parameter4 = OR11 / (O®L* OR1Q] and 95% CI of
2.15(1.533.04) (84). Approximately 7% of HNC are attributed to alcohol drinking alone, and 75% to
alcohol drinking and cigarette smoking combir(88,84)

Recently, a series of metmalyses on the association between alcohol consumption and

risk of HNC have been published. Including 40 studies on the association between alcohol and
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laryngeal cancer, the summary estimate was found t&RBRe(95% CI) = 1.90 (1.59, 2.28), with null
associations among light drinkers and increased risk among heavy dri@RgiSor oral cavity and
pharyngeal cancers, both light drinkers (1 drink or less per day) and Haalgrs (4 or more drinks
per day) had increased risk; summary RRs (95% Cls) for 45 studies were 1.21 (1.10, 1.33) and 5.24
(4.36, 6.30), respective(it00) Neither metaanalysis appeared to consider the effectsatfohol on
HNC risk among nesmokers, however.
1.45 HumanPapillomavirus

Human papillomavirugHPVup-regulatesoncoproteins, namely E6 and E7, which disrupt
p53 and pRb tumor suppression pathw#$61) An estimaed 20-25% ofHNCare attributed to oral
infection with HP\(101) Increases in HPV infection have been implicated in recent increases in
oropharyngeal cancer incidence, especiabylcohol and tobacco consumption apgreto remain
stable or decline in the U38,101) ThelARC Monograph on HBRWmmarizes several case series
which report the prevalence of HPV in HNC ranging from 0% to 100%. A review-odmgisk
studies showed mixed results, but most demonstrated elevated ORs for HNC, especially for
oropharyngeal cancer, among HpWsitive individual$102) With regard to survival, a meta
analysis reported a decrease in theyBar risk of dying among HNSCC cases who weregbifitive
compared to HPMegative with hazard ratios (HR) ranging from 0.20 to qIA%3)
1.4.6Diet andBody Mass Index

Nutrition and body mass index (BMI) have also been hypothesized as risk factors for HNC
(78). Although studies on specific mie@and macronutrients and HNC are limited, carotene, vitamin
C, vitamin A, calcium, flavonoids,dafiber have all been implicated as beneficial due to antioxidant
and other propertieg104) Most studies on diet and HNC have focused on fruit and vegetable
intake (78). In a metaanalysis by Pavigt al.(105) 16 studies of oral cavity cancer resulted in

summary ORs (95% CIls) of 0.51 (0.40, 0.65) for fruit consumption and 0.50 (0.38, 0.65) for vegetable
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consumption. In a separate metmalysis by Ribo{lL06) 12 studies on oral/pharyngeal cancer (9
studies and 7 studies included for fruits and vegetables, respectively) and 8 studies on laryngeal
cancer (5 studies and 7 studies included for fruitd @egetables), produced summary ORs (95% CIs)
of 0.53 (0.37, 0.76) for fruits and oral/pharyngeal cancer, 0.84 (0.67, 1.07) for vegetables and
oral/pharyngeal cancer, 0.73 (0.64, 0.84) for fruits and laryngeal cancer, and 0.93 (0.83, 1.02) for
vegetables ad laryngeal cancer. In addition to fruits and vegetables, other diets and foods have
been associated with lower or higher risk of HM¥E&,104)

With regard to BMI, a recent INHANCE stuayvged increased risk of HNC among low BMI
individuals and decreased risk among high BMI individuals at reference (diagnosis for cases and
enrollment for controlsY107) Specifically, the study reported adjusted Q&6 Cls) of 2.13 (1.75,
2.58) for BMPK 8.5 kg/m, 0.52 (0.44, 0.60) for BMI >28 kg/m, and 0.43 (0.33, 0.57) for BMio n
kg/m (BMI >18.85 was used as the referent).

1.4.7 Oral Health

Poor oral health is believed to contribute to HNC risk due torghrbacterial infectior{78).
Studies investigating oral health and HNC risk have reported mixed results, but most suggest a
Y2RSad AyONBFraSR NRal || ®&A73,008 100)8dRiduallevakationsdd 2 N 2 NI
two multicenter studies included in IHANCE found a positive association between poor general oral
health and HNC in Central Europe [OR (95% CI) = 2.89418T)] and Latin America [OR (95% CI) =
1.91 (1.49, 2.45)], where general oral health wesredby a trained dentist as good, average,
poor based on the presenad tartar, gingival bleeding, mucosal irritation, and decaying t€&08)

Tooth loss was also assessed and was not associated with HNC in Central Europe [OR (95% CI) =1.09
(0.73, 1.62) for &5 teeth lost and 0.70 (0.44, 1.11) for greater than 15 teeth lost], but was
associated with an increased risk atih America [OR (95% CI) =1.28 (0.99, 1.65)-1d #eth lost

and 1.31 (1.00, 1.72) for greater than 15 teeth I(B) Selfreported indicators of oral health,
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namely frequency of tooth brushing, were also assessécdo strong (i.e. significant) associations
were found in either the Central European or Latin American popula{itof)

In a recent CHANCE study, tooth loss and use of mouth wash were not strongly associated
HNC,; djusted ORs (95% Cls) were 1.07 (0.81, 1.42)1&rt@eth lost, 1.21 (0.94, 1.56) for-P8
teeth lost, and 0.95 (0.78, 1.15) for mouthwash (88). In contrast, tooth mobility was associated
with an increased risaf HNC [OR (95% CI) = 1.33 (1.07, 1.65)] and routine dental visits was
associated with a decreased risk of HNC [OR (95% CI) = 0.68 (0.5368)87)]
1.4.8 MarijuanaUse

Since marijuana contains combusticglated @rcinogens similar to cigarettes, associations
between marijuana use and HNC have been suggd&te@) However, results of several case
control studies have been mixed. While one study reported elevateqXiskand another study
reported decreased risk among ever marijuana smoketg) the majority of studies report near
null ORZ110,113117) The INHANCE pooled analysis of 5-casgrol studies on marijuana use
reported a summary adjusted OR (95% CI) of 0.88 (0.67, 1.18)dbuseg(110)
1.5HEAD AND NECK CANCHRVIVAL SPECIFICFBRS
1.5.1 Stage

Cancer stage is a measure of tumor progression or metag&i80) SEER classifies stage
into four general categories: localized (confined to primary site), regional (spread to lymohnodes),
distant (cancer has metastasized), and unknown (unstag&®§0) Approximately half of oral
cavity and pharyngeal cancers are diagnosed at a regional @&apeé\n additional onghird of oral
cavity and pharyngeal cancers are diagnostd localized stage, while 15% at a distant si&§2
For laryngeal cancers, the bulk of tumors are diagnosed at a localized stag€@8Y %)
Approximatey 20% of laryngeal cancers are diagnosed at a regional stage and another 20% at a

distant stagg60). For oral cavity, pharyngeal, and laryngeal cancers, 4&ab relative survival
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ranges from approximatgl80% for localized tumors to around 33% for distant cancers based on the
SEER estimates from 262007 (59,60)

Survival based on TNM staging display similar survivalisons. TNM staging, as
instituted by the American Joint Committee on Can@elrCCand utilized by the American Cancer
Society(ACS)classifies tumors based time size of the tumo(T), the spread of the tumofN), and
metastasis to other location@) into 7 standardstages:0 (in situ) I, I, Ill, IVA, IVB, and [¥T8)

Based on this system, fivgear survival rates range from -BD% for stage 1 to 380% for stage IV
among oral cavity canceasd from 6090% for stage 1 to 385% for stage IV among laryngeal
cancerq119) Survival among oropharyngeal and hypopharyngeal cancers is somewhat lower and
more consistent across TNM stagé@49)

1.5.2 Grade

Tumor grade is used to classify cancer ceifs respect to appearanc@lsoknown as
histologic grade or differentiatiorgnd progression as measured by nucleus size and shape and cell
divisbon (@lsoknown as nuclear grad€)20) SEER classifies grade into 4 general categories: well
differentiated (low grade, G1), moderately differentiated (intermediate grade, G2), poorly
differentiated (hgh grade, G3), and undifferentiated (high grade, i2p) Among oral cavity
cancers, approximately8% of tumors are grade 1, 43% grade 2, 318ge 3 or 4, and 18%se of
unknown staget diagnosig€121) Among oropharygealand hypopharygealcancers,
approximately6% of tumors are grade 1, 39% grade 2, 4088ge 3 or 4, and 15%@e of unknown
stage(121) In general, grvival improves with increasing level of differentiation (decreasing grade
number) for HN@120,121) Among cancer sites in the oral cavityyéar survival ranges from 63
70% forgrade 1 to 4848% for grade 3 or @21) Forcancer of thgharynx, Syear survival range
from 50% (oropharynx) to 26% (hypopharynx) for grade 1 and(BB8pharynx) ta29%

(hypopharynxfor grade 3 and 4121)
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1.5.3Treatment

Treatment forHNCusually involves one or more of the following medical procedures:
surgery, radiation therapy, or chemotherafi22) Choice ofreatment is determined based on a
GFrNASGe 2F FFOG2NAR adzOK Fa Gdzy2NJ f20FdA2y X (dzy2!
health, and preferenc€l22) Historically, HNC was treated by geiry, radiation therapy, or both,
with patients with stage 3 and 4 tumors received higher doses of radiééef2) Chemotherapy
was reserved for treating recurrent tumof85,72)p | 2 6 SOSNE Ay GKS wmMdopdnQa |
demonstrated improved survival among advanced primary HNC by adding chemotherapy to existing
treatment regimeng72). Radiation and chemotherapy can be admieisd using aimnduction
(chemotherapy before surgery or radiatiospncurrent(chemotherapy and radiotherapy at the
same time), oadjuvant(chemotherapy after surgery or radiatioapproach(72). Patients with
stage 1 and 2 tumors are still typically treated with surgery and/or radiation therapy (possibly
chemotherapy), but the majority of advanced tumors (stage 3 and 4), especially those that have
metastasied to be inoperable, are now treated with concurrent or induction chemothe(&py7?2)
It should also be noted that given the potential for voice loss with surgery, laryngeal and
hypopharyngal cancers are usually treated with radiotherapy and/or chemotherapy; though
advances in surgical techniques which preserve the voice are making surgery more {éasnag
1.6 NUCLEOTIOEXCISIOREPAIR
1.6.1 DNA Damage and Repair

DNA damagincludesbase substitutions, strand breaks, andglliky adducts which bind to
DNA(123) DNA damage is caused by a host of endogenougrogenoudactors(123)
Endogenous causes inclusigontaneous alterations anakidative damage by reactive oxygen
specieq123) Exogenousauses include externally induced damage catalymephysical and

chemical agents such as ionizing radiation, UV radiation, and tolsalated nitrosamines
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(123,124) To resolvédDNA damageendogenous systesndetect and repair alterains(123)
Specifically, DNA repair comprises several biologic procesgeghwayswhich include direct
reversal, mismatch repair (MMR), nucleotide excision repair (NER), base excision repair (BER),
homologous ecombination, and nofomologous end joining25,126)

Direct reversalepairs methylation damage and unlike other DNA repair pathwagsiit
singlestep processhat does not involve excision bhseq123,125) Mismatch repair (MMR)
corrects single basiasertions and deletionEl25) MMRplays a crucial role in a number of cancers
including coloretal cancer, skin cancer, and lymphon(a85) Nucleotide excision repair (NER)
removes bulky adducts (around 30 nucleotides)dbase excision repair (BER) remegealler
adducts (typicalil-13 nucleotide$ (123125) Homologous recombination and nemmologous
end joininggenes are responsible for repairing double strand breakisdrDNA irconjunction with
cell cycle genefl25) Non-homologous end joiningepairs 90% of double strand breaks in
mammals(125)

This dissertatioiocusedon the function of genes in the NER pathwiyaddition to a
number ofstudies linking SNPs in NER genes directly to(E&N®ill be detailed in later sections)
genes within the NER pathway were chosen as the focus of this dissertation for two reasons. First,
NERSs the pathway primarily responsible for removing bulky DNéuats produced from tobacco
smoke(3,126) Second, NER genes also repair bulky DNA adducts produced from ionizing radiation
and platinum containing agents such as several chemotherapies useaiimg HNG6). Therefore,
NER has been shown to have the potential to impact both HNC incidence and survival.

1.6.2 DNA Adducts

DNA adducts are definday La et al(127) a cavalent interaction between an

electrophile and a ndeophilic site in DNAA number of carcinogenic compounds can act as

electrophiles and form such complexes with DNA. Chemecaitained in tobacco smoke, such as

18



benzo[a]pyrenghave been shown to fm bulky DNA adduct8,4) In additionyadiotherapy and
platinum-basedchemotherapy have beeassociated with DNA adduct formati¢®,7,48. If left
unrepaired, DNA adducts can contribute to cancer initiation and progre§siti)
1.6.3 NucleotideExcision Repaiechanism

Nucleotide excision repair involvésur generalphasesrecognition,pre-incision,incision,
polymerization and ligatiofalso known as repair synthes{¢p3,124,128)Table5 andfigure 1
(adapted fromFriedberg2001(124) provide an overview of theroteins involved in each phase of
NER During the recognition phas¥PCHHRAD234/and HHRAD23B prates (encoded bXPC
RADAand RADRJenes, respctively)bind with a DNA adduct, followed by XPA (encoded byXR&
gene) and the RPA complex whizdgin todistort the damaged nucleotide region, marking it for
incision(123,124,128ffigurel, panel B. The transition from the recognition phase to the incision
phase continues with the binding of the TFIIH com(l€3,124,128ffigure 1, panel c)This
complex is composed of several subunits, including proteins ERCC3HREBY, (XPD), CDK7, and
CCNH which are encoded by genes of the same name, and has the primary function to unwind the
DNA strandswgrounding the damaged nucleotid¢$23,124,128)Following the denaturing of the
double helix, incisions on either side of the damaged site, knowrdaslancision, occur via ERCC1
FYR 9w/ /n 6-tC0O |0 GKS pQ SYyR YR 9w/ /p 6-tDO
same namej123,124,128]ffigurel, paned). Once the DNA adduct (approximately-20
nucleotides) is removed, the gap is filled with functional nucleotides which are mobilized by DNA
polymerase, in connection with RPA, RFC, and PERRA124,128ffigurel, panel e)Finally, the
functional nucleotides are covalently bound by DNA ligase which is encodd@Gib{123,124,128)
(figurel, panel e)DDB2 XPEalso contributes to NER, but #gact function remains to be
elucidated(124) ERCC&nd ERCC8ncode protein®f the same name, alsmkwn asCB and CSA,

which function intranscriptioncoupled NERL23,124) While the general steps of transcription
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coupled NER have been outlined, #act mechanissof transcriptioncoupled NERnamely
during the recognition phasés not known asvell as the NER mechanisms previously discussed
(123,124).
1.6.4 HealthConsequences of Varianis Nucleotide Excision RepaBenes

Germline mutations in NER genes can result in a number of diseases and conditions
including Xeroderma pigmentosum (XP), Cockayne syndrome (CS),-Ceuddsiacio-skeletoal
syndrome,and UVsensitive syndromé€123) Most of these conditions are neurological and/or skin
related and arise when mutations in NER genes prevent repauaéotides damaged dy\-
radiation(123) In addition, mutations in NER genes have been linked to a number of cancers,
including skin cancer, lung cancer, bladder cancer and head and neck (nasdescribed in
detailin the Nature Review Canceatrticle titted How Nucleotide Excision Repair Protects Against
Cancelby Friedberg(124) SNPs in NER genes can contribute to carcinogenesis if left unrepaired.
' f 0 K2 dzA K C NaiSmRpétifigredsiende tdBkin Ganceéfl24) the principle holds for HNC;
when SNPs render NER genes inoperative, DNA damage persisibl@oan arise.

In the context of HNC incidence, SNPs in NER geaemfluence the efficiencgf excision
of bulky DNA adducts caused by tobacco smoi@m) Therefore, the odds of HN@ay vary based
on the population distribution ofariantsin NER genes, espealty among smokers. With regard to
survival, radiotherapy and chemotherafrget damaged DNA sites produce bulky DNA adducts,
among other alterationgin order to initiate apoptosis of cancerous c€bs/) Therefore, functional
NER genesanactually counteract this effect by repairing damaged reducing the impact of
treatment (6). As noted in &lew England Journal of Mediciagicle by Gazdai6)> t has\been
known for about a decade that nucleotide excision repair is involved in the resistance of several

types of tumors to certain drugs, including platinum compougitiéhile someHNCstudies support
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the hypothesis of improved survival associated with polymorphisms in NER genes, some studies
suggesno association oacounter effect withrespect tomortality (7,4 7-55).

The following sections summaripeeviousepidemiologic studies on the effects of SNPs in
NER genes, as well as interactibesween NER genesd tobacco, on HNC incidence. Previous
epidemiologic studies on the associations between SNPs in NER genes, as well as interactions
between NER genes and treatment, and HNC mortality will also be discussed.

1.7 SINGLE NUCLEOTIDEY®@ARPHISMS IN NUCLECH EXCISION REPAIRIGECIGARETTE
SMOKINGAND HNC INCIDENCE

1.7.1 ERCC3 (XPB)

XPB previously known aBRCC3s one of many components in the TFIIH subunit which is
responsible for unwinding the double helix surrounding the DNA1add 23) The genewhich
encodes this proteiis located §2g21(129,130) Only one study has reported on the association
between variatsin XPBand HNC incidence (tabl¢ (B1). Michielset al.(31)investigated the role of
rs423358 among former and current smokers in Frange,@baccq andalcchol adjusted ORs
(95% Cls) of 0.37 (0.15, 0.90) &n62 (0.390.97)for AA and AC, respectively, compared to CC were
reported (31).

1.7.2 XPC

XPC acts first in the NER pathway to bindiNAadduct in acomplex(123) TheXPQyene
is located at 3p2%129,130) Three SNPs XPChave been considerefthr HNC incidencePAT,
rs2228001, ad rs222800(table 7). The PAT SNP, an insertion/deletion polymorphism, has been
associated with increased odds of HNC in two studies, but not in a(8%#rd85,40) Contrasting the
++ versus - genotypes, Kietthubthewet al.(24)reported an adjusted OR (95% CI) of 1.60 (0.55,
2.36) for oral cancer among a Thai population, and tleeenpowered study by Sheet al. (35) (287
HNC cases and 311 controls) reported an OR (95% CI) of 1.85 (1.1&yr3Dsamong a
predominantly Caucasigpopulation in Texadn contrast, a study conducted in a Japanese
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populationby Sugimurat al. (40)reported an OR (95% CI) of 0.83 (0.51, 1.34) foraPrdDral
cancerusing a dominangeneticmodel. Ameta-analysidy FloresObandoet al. of these three
studies(131) plus a Sath Korean study which focused on expression of XPC but reported frequency
of PAT(42), resulted in crudéORs (95% Cls) of 1.09 (61887) for +versus ++, 1.39 (0.9R97) for-
-versus ++, and 1.14 (0.9243) for + and-- versus ++. These results therefore suggest elevated risk
may be associated with the absence of the PAT SNP. Anotheramalysis which considered the
studies onXPGandoral cancer separate from the studies on HNC found similar r8%y

Three studies have investigated the association between rs222800¢h is a Lys939GIn
substitution, and HNC inciden¢4,5,24) The largest asecontrol study (829 HNC cases and 854
controls) in the US reported a near null association, with an adjusted OR (95% CI) of 1.08 (0.81, 1.43)
under a recessive modé@BIn/Gin vs. Lys/GIn + Lys/L{&) A dominant modelof this SNRGIn/GIn +
Lys/GIn vs. Lys/Lysjas also explored in a large study (248 laryngeal cases and 647 controls) in
Germany, andlsoresulted in near null results; OR (95% 1)98 (0.68, 1.40). A Thai studgn
oral cancer reported an OR (95% CI) of 1.35 (0.50, 3.92) for CC versus AA genotypes, but as
evidenced by the wide confidence interdat the estimated effect estimatehis study was much
smaller (106 oral cancer cases and 164 cont{@k) A metaanalysis of these three studiby
FloresObando (2010§131)suggestednodestincreased risk from rs222800dith crudeORs (95%
Cls) of 0.94 (0.80.12) for Lys/Glwersus Lys/Lys, 1.17 (0:2249) for GIn/GIn versus Lys/Lys, and
0.99 (0.851.16) for Lys/GIn and GIn/GIn versus Lys/Tje large UBased study by Aat al. (5)
also reported an elevated association for the genotyp@eaisded with Val/Val of rs2228000. Even
after adjustment for age, gender, tobacco, and alcohol, the OR (95% CI) was 1.65 (1.16).2.36)

For the PAT SNPXPC Sheret al. (35)investigated the joint role of tobacco, but found no
substantial differences between smoking groyfable 8). Across never smokers, former smokers,

and current smokers, the OR (95% CI) associated with the risk genotype appeared similarly elevated,;
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ORs (95% €)lwere 1.87 (0.72, 4.86), 1.83 (0.85, 3.94), and 1.69 (0.66, 4.35), resp&&hyely
Japanese study by Sugimwtaal.(40)also reported on the interaction between X1P&T ad
tobacco finding the OR (95% CI) for HNC to be 0.48 (0.13, 1.87).

1.7.3 XPA

XPAis located at 9922.8129,130) The XPA protein, along with the RPA complex, acts early
in the NER pathway thind DNA and proteins impre-incision compleXx123) One SNP iKPAhas
been studied extensively in relation to HNC incidence; a nucleotide substitutid2B3&(fs1800975%
(table 7). Acrass five studies mixed results have been observed, with a dominant model suggesting
some elevated risk (OR = 1.20; 95% CI = 0.86, 1. AWfer AAersus GG (4), arecessive modedlso
suggestingn effect (OR = 2.085% CI =1.18, 3.55 for AG + GG versug40)and other recessive
and general models sugsfing no or weak associatiofs,9,18) A recent metaanadysis of these five
studies found a summaigrude ORs (95% &) of 1.15 (0.96,1.36) for & vs. A (general mdel) and
1.12 (0.951.32) forAG + GG vsAAdominant mode(}L31)

One of the studies which coidered the SNIPs180097%eported on the interaction with
tobacco, concluding synergistic effect othe SNRandcigarette smoking9). Specifically, this
Taiwanese study (154 cases and 105 controls) reported ORwigighconfidence intervals of 3.52
(1.26, 9.84) for nonsmokers with the risk genotype and 47.7 (15.48, 147.01) for smokers with the
risk genotype compared to nonsmokers with the reference genofiqige 8) (9). Anotherstudy
which considered this SNP found an interaction OR (95% CI) of 0.48 (0.11, 2.16) for smokers with the
risk genotype AG or GG in a Japanese population (122 cases and 241 cgtijols)
1.7.4RAD23B

RAD23B, atgg with XPC and RAD23A, binds the distorted DNA adduct iniagi®mn
complex(123) TheRAD23Rjene is located at 9931(229,130) One study has investigated the

association between one SNPRAD23Bnd HNCGtable 7) (4). Abbaskt al.(4), a casecontrol study
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of 248 laryngeal cancer cases and 647 aaatin Germany, reported a borderline elevated OR (95%
Cl) of 1.30 (0.92, 1.90) for rs1805239 (Ala/Val + Val/Val vatalslg after adjusting foage,

gender, educationtobaccq andalcohol Unfortunately, this study did not consider joint effects of
this SNP with tobacco.

1.7.5 ERCC6

ERCC6é6perates intranscriptionrcoupled NERL23) Thegenewhich encodes this proteiis
located at 10g11.28129,130) Five different SNPs ERCCBave been investigated in the context of
HNC incidencéable 7) (4,13) Albasiet al.(4) reported on two SNPs, finding a protective effect of
an arginine substitution of proline in a dominant model of rs4253211 (OR = 0.52; 95% CI = 0.34,
0.85) and no apparent effect for an arginine substitution of glycine in a similar model of rs2228527
(OR=0.87; 95% CI #0, 1.20) on laryngeal cancer among 248 cases and 647 controls in Germany.
Chiuet al.(13)investigated 3 additional SNPs among 292 oral cancer cases and 290 controls in
Taiwan using unadjusted logistic regressidav&ed odds were found in a dominant model of
rs22285280OR = 1.43, 95% Cl = 1.02, Z@IGA + AA vs. G@3). For the other two SNPs,
rs2228526and rs228529, no strong associations were nqtk?).

Abbasiet al.(4) and Chiwet al.(13)both examined the joint effects of selected SNPs and
tobacco on HNC incidenéble 8). For r¢253211,the ORs (95%L &0 ¢ SNB & A YA I NJ
20 packyears) and heavy (>20 packyears) smokers; 0.52 (0.18, 1.50) and 0.56 (0.34, 0.93),
respectively(4). Forrs2228528the OR (95% CI) among ever smokers was 0.99 (0.64, 1.55) using
never smokers as the refere(it3).

1.7.6 ERCC5 (XPG)

oSG

XPGpreviously nameERCC5 Sy O2RS&a | 0Q AyOAaAz2y ydzOf Sl as

remove DNA adduct complex€E23). TheXP(gene is located at 1393329,130) The most

commonly studied SNP KP@Gn relation to HNC is rs17655everstudies have considered this
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Asp1104His substition (table 7)(4,5,15,28,40,41,45Y he study with the most power (1059 cases
and 1066 controls) was conductédTexas and reported a null association for rs17655 and HNC
(OR=0.99, 95% CI=0.83, 1.19) using a dominant genetic model (CG.€GJ28% Another large
study from Texag829 HNC cases and 854 controls) found ansaefuOR (95% CI) for rs17655 and
HNC of 0.80 (0.51, 1.28) based on a recessive model (Asp/Asp versus His/Asp H{Bjis/His)
Likewise, a study in Los Angeles by Cui (20@used a reessive modglAsp/Asp vsHis/Asp +
His/His)and found a similar adjusted OR (95% CI) of 0.67 (0.42, 1.10). Stratifying by race, this study
was also the only study on polymorphisms in NER genes and HNC to date to report the effects in
African Americans dy, finding an OR (95% CI) of 0.51 (0.15, 1.80) among 119 African Americans
(15). A study conducted among 397 cases and 900 controls in China reported an OR (95% CI) of 0.97
(0.82, 1.15) using an additive mod€IC vsOG vs GG)(45). Finally two other studies reported on
rs17655with one usinga dominant genetic model (His/Asp + His/His versus Asp/Asp) in a German
population(4) andthe othercontrastingthe heterozygote genotype with the wiliype genotype
(Asp/His versus Asp/Asp) in a Chinese populdtdh Both studies reported elevated ORs (95% CIs)
of 1.30 (0.93, 1.90) [OR = 0.77 if referent group assigode His/Asp + His/His as in other studies]
and 1.88 (1.05, 3.40), respectivédy41)

The largest study, conducted by Mal.(28), also reported on associatis between 11
other ERCC4 (XPEINPs and HNC risk. Of these SNPs, only 1 appeared to be associated with HNC risk
(28). Specifically, rs4150351 was associated with reduced HNC risk using a dominant model (AC+CC
vs AA, OR=81, 95% CI=0.67,0.988). Both Maet al.(28)and Abbasiet al. (4) investigaed the SNP
rs1047768, findingdjusted OR(95% &) of1.00 (0.84, 1.2jland1.20 (0.80, 1.7QY¥espectivelyfor
the genotypes CT and TT versus CC which results in no amino acid €haage.a study by Zavras
et al.(46)found an association between another SNP, rs751402, and HiNgthe general model;

OR (95% CI) were 1.71 (1.04, 2.79) for CT vs TT and 2.2 (0.93, 4.75) for. TT vs CC
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The most comprehensive exploration of interaction betwedGand tdbacco HNC was
conducted by Cui et g|15)(table §. Using never smokers with the refetegenotype for rs17655
(Asp/Asp) as the referent, the adjusted ORs (95% Cls) were 3.60 (1.20, 11.00) for never smokers with
the risk genotype, 2.20 (0.51, 9.60) for individuals who smok2d gackyears with thesferent
genotype, and 3.20 (1.10, 9.50) for individuals who smok&d packyears with the risk genotype
(15). Although the risk genotype resulted in larger magnitude ORs in both nhonsmokers and smokers,
interactionbetweenthis SNRand smokingdid not appear to bexdditive. Abbasét al.(4)also
considered joint effects by stratifyirtge adjusted ORs (95% CIs)f&it047768 by cigarette
smoking, findindhat the odds among heavy srkers (>20 packyegr®R = 1.405% CIl = 0.97, 2.20)
appeared larger thaamong light smokerstR0 packyearsOR = 0.85% CI = 0.43, 1.70
addition, Maet al.(28)stratified the adjusted ORs (95% CIs) for rs4150351 by cigarette smoking and
found similar odds among never (OR = 0.84, 0.63, 1.34) and ever.{OR3® CI=0.62, 1.00)
cigarette smokers.

1.7.7 ERCC4 (XPF)

ERCC4lso commonly known a§PFis located at 16p13.1A129,130) TheXPF protein acts
alongwith XPGdsy Ay OA&A2Yy ydzOf SI a8 2@23)FweStudeshady R 2F (K
explored the relationship betweeXPFand HNCtable 7) (4,11,40,44)XPFSNP rs1800067 is marked
by an amino acid substitution of Arg415@&in11,40,44)Canoveet al.(11), the largest study to date
with 1511 cases of HNC and esophageal cancer and 1457 controls from the ARCAGE study,
considered a general model of this SNP, reporting an adjusted OR (95% CI) of 1.13 (0.46, 2.78) for
individuals homozygote for the riskellk (A) compared to individuals homozygote for the reference
allele (G)Yuet al.(44), which considered a recessive modehA vs. GG + AGgported an OR (95%

Cl) of 1.40 (0.51, 3.8&jter adjustment for age, gendemlbacco, and alcoholin comparison,

Abbasiet al. (4), which considered a dominant mod@rg/GIn + GIn/GIn) vs Arg/Argeported a
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borderline elevated OR (95% CI) of 1.40 (0.89, 2.20) after adjustment for age, gehd=tjon,
tobacco, and alcohol. Canoegal.(11)also reported on SNP rs1799801, finding a near null OR (95%
Cl) of 1.060.80, 1.41) for CC versus TT anektval.(44)also repoted on SNPs rs2776466,
rs1799798, and rs3136038 finding near null OR 95% Cls based on recessiwelmaddition,
Sugimureet al. (40)explored a nucleotideeplacement of A for T at position 2063 ¥iPFn a smdl
Japanese caseontrol study (122 oral cancer cases and 2ddtrols), resulting in an OR (95% CI) of
0.84 (0.53, 1.32) for a dominant model.

Yuet al.(44)assessed the effects of rs2276466 and rs3136038 within stfatarsmokers
and smokers, finding both SNPs were associated with reduced HNC risk aomsngpkers
(OR=0.57, 95% CI=0.33, 1.00 and OR=0.55, 95% CI=0.34, 0.88, respectively) but not smokers (OR=
0.78, 95% CI=0.52, 1.17 and OR=0.96, 95% CI=0.66, 1.3%ivebf¢mble ) C2 NJ I pQ | ¢w { b
ERCCOXPF)Sugimureet al. (40)reported an interaction OR (95% CI) of 0.60 (0.17, 2.12) for
smokerswith a risk genotype (TA or AAKrupeet al.(26), which used a dominant genetic model
(Arg/GIn + GIn/GIn) vs Arg/Anm a study population 0253 laryngeal cancer cases and 253 controls
in Poland, found similar near null odds associated with the risk genaifyrs 80006 /among 4
smokinglevels. The ORs+lues) were 1.13 (p=0.69) among never smokers, 1.07 (p=0.80) among
ever smokers, 1.06 (p=0.85) among moderate smokers, and 0.98 (p=0.95) among heavy smokers
(26)
1.7.8 ERCC2 (XPD)

ERCCalso comnonly known aXPD s located at 19q13.8nd encodes a protein which
functions as a component of the TFIIH subunit to denature the double helix in preparation for
incision(123,129,13Q)With respect to HNC incidencéPDs the most studied NER gene. In

particular, three SNPs, rs13181, rs17991793, and rs238406, have been studied extémasilesty.
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rs13181 is known as a nucleotide substitnt@sA35931CGind as an amino acid substitution
asLys751Glig4,5,810,14,16,17,122,24,25,29,30,334,36,37,45,133)0ver 20casecontrol
studies have studied the impact of rs13181 on HMNE,810,14,16,17,192,24,25,29,30,32
34,36,37,45,133huang et al(14)investigated the effect of rs13181 on HNC risk in the INHANCE
study, the largest study to date to explore this association, finding a null association based on a
general model (OR=0.97, 95% CI=01807 for Lys/GIn vs. Lys/Lys and OR=1.03, 95% CI|=0.88, 1.21
for GIn/GIn vs. Lys/Lydhnet al.(5), the study with thenext largest sample siZ829 HNC cases and
854 controls), reported an OR (95% CI) of 1.06 (0.79) o4 a recessive modéGIn/GIn vs. Lys/GIn
+ Lys/Lys)Another study from Texas which considered a recessive njGdel/s. AA + A@)ted an
even stronger positive association with an OR (95% CI) of 1.55 (0.96.3Z.p&venstudies with
similar sample sizes (250 to 550 cases) used a dominant ri{bgielGIn + GIn/GIn vs. Lys/Lys or AC
+ CC vsAA)and reported OR (95% Cls) ranging f@B88 (0.41, 1.69p 1.5 (1.3, 2.0)
(4,8,10,19,20,25,32FEightother studies considered genergénetic models, with two overlapping
analyses suggestingqiective effectg17), one study suggesting harmful effe¢&3), and the
majority showing no association with HNC for GIn/GIn compared to Lys/Lys (or CC compared to AA)
(22,24,29,30,34,360he odds ratios (95% Cls) fmmozygous variant versus homozygous referent
allele fom general models ranged from 0.51 (0.27, 0.95) to 2.72 (1.07,(6,21)21,24,29,36)
(17,22,24,29,30,33,34,3@esides the INHANCE stydy), the nextmost powered study for a
general model (310 oralancer cases and 389 contréilem India) reported an age, sex, and tobacco
adjusted effect estimate of 1.0 (0.9, 2.3) for GIn/GIn versus Lys/Lys and 1.0 (0.9, 2.3)Lfgs GIn
versus Lys/Ly@9). A metaanalysis of rs13181 and HNC incidence, which included the majority of
studies listed inable 7, found summargrude ORs (95% Cls) of 1.01 (62912) for ACersus AA
and 0.96 (0.821..11) for CCersus AA suggestingo association between the variant allele and HNC

incidence(131)
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rs17991793 results from a nucleotide substitutiorG#3591Aand an amino acid
substitution ofAsp312Asit4,5,8,10,17,9,21,22,29,30,38 Elevendifferent case controls studies
have investigated rs17991793 and HNC incid¢A¢®8,10,17,19,21,22,29,30,38)he study with
the most power was Aat al.(5)which used a recessive mod@lsn/Asn vs. Asp&h + Asp/Asp)
This studyreported a borderline elevated OR (95% CI) of 1.15 (0.85) (&b Four studies used a
dominant genetic moddlAsp/Asn + Asn/Asn vs. Asp/Asp or GA + AA vsTBE&)wo studies with
the largesthumber of cases (approximately 275 to 300 cases) were both conducted in the US (Texas
and Pennsylvania) and reported nearly identical elevated adjusted odds (OR=1.3; 95% CIl = 1.0, 1.8
and OR=1.28; 95% CI = 0.93, 1.76, respecti{@y39) while the other two studies reported near
null results (OR =0.97; 95% CI=0.68, 1.40 and OR=0.86; 95% CI=0.57, 1.30, resfgetoydtyy
important to note that the Pennsylvania study included both HNC and lung cancer(¢@3dsour
studies considered general genetic models, but none of the studies reported any significant findings
(17,22,29,30)A metaanalysis 0fs17991793nd HNC incidence, which included the majority of
studies listed inable 7, founda summarycrude ORs (95% ClIs) bfl4 (1.01, 1.29) for GAersus AA
(general model) and 1.11 (0.99, 1.25) for GA and AA versus GG (dominant model) suggesting a
weakly increased risk with the variant allé¢le31)

The nucleotide substitutio®22541Aesults in no ammo acid substitutionArg156Ary and
is known ass238406(4,16,19,24,29,34,37Beverstudies, one using a recessive mopalA vs. CA +
CC)37), three using a dominant modéAA + CA vs. C@)16,19) and three using a geral genetic
model(24,29,34) have explored the role of rs238406 on HNC. All of these stuekespt ong16),
found near nulresults A metaanalysis of rs17991793 and HNC incidence, which included the
majority of studies listed itable 7, founda summary crude OR (95% CI) of 0.84 (0.68, 1.04) for AA

versus CC supporting thieypothesis of no associatidt31)
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Ninestudies reported joint effects for rs13181 and tobacco smokiable 8 (8
10,16,22,30,33,36,37The study with the largest population (655 cases and 805 controls) reported
an adjusted additive OR (95% CI) for rs13181 among never tobacco users as 0.55 (0,28n&r@g)
exclusiveusers of chewing tobacco as 0.76 (0.59, 0.97), among exclusive smokers as 0.78 (0.59,
1.03), and among individuals with mixed tobacco habits as 0.78 (0.59,(8)03) study by Buchbt
al. (10)konducted among 273 cases and 269 controls in the US founddhgdared to nonsmokers
with the reference genotype, the adjusted ORs (95% Cls) were 1.26 (0.73, 2.18) among nhonsmokers
with the risk genotype, 0.79 (0.4%5,36) among smoksrwith the referent genotype, and 3.99 (2.30,
6.92) among smokers with the risk genotype suggestipgssibleadditive effect. Likewise, a
smaller study in Taiwan by Batal.(9) concluded aynergstic effect ofrs1318kndcigarette
smaking. However, this conclusion was based on imprecise ORs (95%28148qfL3.93, 58.23pr
nonsmokers with the risk genotype and 26.33 (7.87, 88.04) for smokers with the risk genotype
compared to nonsmokers witthe reference genotyp€9). In addition, a study conducted in India by
Ramachandraet al.(33)noted a stronger association between the variant of allele of rs13181 and
HNC aong ever smokers (OR=3.37, 95% CI=%.51) than among never smokers (OR=1.48, 95%

Cl =0.80, 2.74pther studies which stratified by the effect of rs13181 by smoking status did not
note substantial differences in effect across smoking grq@ps30,36,37)

For rs179979he study by Anantharamagt al.(8) was again the largest and reported
adjusted additve OR (95% CI) for this SNP among never tobacco users as 1.50 (0.69, 3.12), among
exclusive users of chewing tobacco as 0.92 (0.0.69, 1.22), among exclusive smokers as 0.89 (0.37,
2.13), and among individuals with mixed tobacco habits as 1.15 (0.83, Ara8hg never or former
smokersMautllo et al. (30)reported an OR (95% CI) of 0.34 (0.09, if@4AA vsGG genotypes

using data frorthe European Prospective Investigation into Cancer and Nutrition (EPIC) study.
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Among light and heavy smokersetal. (22)reported ORs (95% CIs) for GAAA of 2.4 (0.78, 7.35)
and 0.94 (0.47, 7.35), respectively.

Two other studies considered theint effectsbetween rs238406 and tobacco.ibg a
recessive genetic mod@hA vsCA +CCBturgiset al. (37)reported ORs (95% Cls) of 1.15 (0.57,
2.32) among never smokers, 0.72 (0.41, 1.58) among former smokers, and 1.48 (0.64, 2.44) among
current smokersuggesting little modification by cigarette smoking. In a separate study of only
current smokers, or at least controls who smoked, Gajetkd. (16)reported an OR (95% CI) of
0.81 (0.49, 1.31)
1.7.9 ERCC1

ERCCéncodes &' incision nuclease suburahd is located at 19913.3223,129,13Q)
Several SNPs within this getave been considered in the etigly of HNGtable 7). The most
studied SNP is an adenine replacement of cysteine at 8092 (rs3212%68,40,43)Five studies
have invedgated the effects of this SNP on HNC incidence, with three resulting in comparable near
null ORs fowariousdominant(CA + AA vs. C&)d recessive mode(®\A vs. CA + CC and CC vs. CA
+AA)(4,5,38) one reporting little difference in the frequency of genotypes between cases and
controls(43), and one suggesting increased risk (i.e. an elevated OR) in a Japanese population using
a recessive modefAA vsCC + CAX0). In 2010, Flore©bandoet al.(131)meta-analyzed the four
studies which investigated rs32129866RCCIThe summary ORs (95% CIs) vie®¥ (0.8-1.43)
for A/A versus C/@eneralmodel) and 1.00 (0.87.14) for C/A + A/A versi@&C(dominant model)
(131)

A study by Jonest al.(23), conducted among 175 casand 790 controls in Florida, studied
four additional SNPs BRCC1s1319052, rs3212948, rs3212955, rs735482. No strong associations
between these SNPs, nor haplotypes of these SNPS, and HNC incidence were found, though some

excess risk may exist f@3212955 (OR = 1.36; 95% CI = 0.67, 2.75 for GG verdz8)ABjtimates
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were adjusted for demographic factors (age, sex, and race), but not behavioral factors (tobacco and
alcohol). Other SNPs which have been stddyAbbasiet al.(4), Canovaet al.(11), and Matulloet
al. (30)in relation to HNC incidence asemmarized in tabl& and includes3212%1, rs11615, and
rs3177700.

Evidence regarding the joieffects of ERCCSNPs and tobacco on HN@isre limited, but
seensto suggest interactions may exigable 8). Forrs3212986 Sugimuraet al.(40)reporteda
highly elevated, but imprecise, interaction OR (95% CI) for smokers with the risk genotype (AA) as
8.49 (1.22, 59.31Among a study population of only never and former smokers fromEfREStudy;
the OR (95% ¥Wvas 1.79 (0.80, 4.019r rs3177700andHNC incidencé30). In a study by Sturgist
al. (38)at MD Anderson in Texathe adjustedOR (95% CI) for risk genotypes in both ERCC1 and XPD
among nonsmokers was 1.24.Q, 2.51) and among smokers was 1.46 (0.95, 2.25). Given the low
sample sizes of these studies, especially when restricted or stratified by smoking groups, further
replication in larger studies is needed.
1.7.10 LIG1

LIGloperates in the final step of NEERd BER by encoding DNA ligase which binds function
DNA strands after excision of DNA addyd®3) LIG1is located at 19913:913.3(129,130) Two
studies have considered the effect of multiple SNR4@fon HNC incidencg@able 7) (27,31) Lee
et al.(27), a large study conductemmong 489 oral, pharyngeal, laryngeal, and esophageal cancer
cases and 948 controls in Los Angeles, considered four SNPs: rs20581, rs20580, rs20579, and
rs439132. rs20581 demonstrated the strongest, positive association with afjdCse&, education,
ethnicity, and tobacco adjusted ORs (95% Cls) were 1.20 (0.85, 1.80) for CT versus TT and 1.5 (1.0,
2.3) for CC versus ([2F7). ORs (95% Cls) for rs20580, rs20579, and rs439132 also suggested possible
positive associations i HNC. For example, the adjusted ORs (95% CIs) for rs20579 were 1.3

(1.00, 1.80) for CT versus CC and 2.00 (0.69, 5.80) for TT ve(gu$ Ceket al.(27)also estimated
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haplotype effects across thesel4dG1SNPs. With regard to interaction with tobacco, modification
appeared strongest for rs205&table 8). The adjusted ORs (95% CIs) for the risk genotype
compared to the referent genotype were 0.83 (0.42, 1.60) among neverensi¢& packyears), 2.30
(0.95, 5.40) among individuals who smoked 0.1 to 20 packyears, and 2.20 (1.00, 4.70) among
individuals who smoked more than 20 packye@®). The effect of rs20580 also appeared to be
stronger h smokers compared to nonsmokdgs). There was less evidence for differences in ORs
across smoking groups for rs20579 and rs439132, but strata were sparse for these a@alyses

Michielset al.(31)identified 251 cases and 172 controls among a cohort of smokers in
France. This study investigated lLIG1SNPs, of which 9 were found to have a positive relationship
with HNC(31). The strongest associations were observed for rs13438820090OR = 1.94; 95% CI
1.06, 2.75 GG vs. Q(rs153023 (OR = 2.195% CI 2.13,2.90, TT vs. QCrs156640 (OR = 1.94;
95% CI£.06, 3.56 CC vs. GGand rs274892 (OR2.05; 95% CIE12, 3.78 AA vs. OG31).
1.7.11ERCC8DK7, CCNH, DDB2 (XPE), RAD23A

There is no previous literature regarding the associations betvieR@C8, DDB2, RAD23A,
CDK7andCCNHand HNC. Thereforghis dissertatiorwasthe first study to consider the effects of
SNPs in these 5 NER genes on HERRC.C8ocated at 15¢2.1, encodes a protein which functions
with ERCC6 in Cockayne syndrome and transcription couple{lRER29,130)CDK7 and CCNH
are subunits of the TFIIH complex and assist in the unwinding of DNA surround DNA adducts prior to
incision(123) BothCDK7And CCNHyenes are located at 5912.1 and 5q18§B4, respectively
(129,130) DDB2 also known aXPEis located at 11p1p11 and functions in NER, bitg
mechanism is not well understoqd23,129,130) RAD23Alocated at 19p13.2, encodes a protein

which functions with XPC and RAD23B to bireddiktorted DNAadductasa complex(123,129,130)
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1.7.12 NucleotideExcision Repair Genes and Oral Premalignant Lesions Incidence

In additionto the studies on NER genes and HNC listed in aldestudy by Wangt al.
(2007)(134)considered the effects of polymorphisms in NER genes on oral premalignant lesions
(OPL; leukoplakia and erythroplakia) among ORL cases and 288 controls. In addition to
considering SNPs in the core NER genes, nafiily XPC, ERCC2 (XPD), ERCCat{ERCC5
(XPG)this study estimated the effects of SNPERCCHRAD23EBnd CCNH134) Amang the core
NER genes, the strongest association was found between a RR(1$1800975) and OPL; OR
(95% Cl) was 1.97 (1.27, 3.06) under a recessive genetic (@8d¢IElevated risk was also noted
for SNPs ilXPD(rs13181andrs1799793 under a dominant moddlL34) Among SNPs in the less
studied NER geneERCC&RAD23Eind CCNHthere was little evidence for an association with OPL,
except for a suggested protective effect amdRg@D23B (rs1805239); OR (95% CI) was 0.67 (0.41,
1.07) under a dominant modé134) When stratified by smoking, the joint effects of smoking with
rs1800975 iKPAappeared have an above additive or synergistic effedD@&h incidence, while
rs1805239 irRAD23End rs13181 itrKPDappeared to have below additive or antagonistic effect
(134) In addition, studies by Majumdet al.(29), Ramachandnaet al.(33), and Anantharaman et
al. (8) reported mixed results on the association between polymorphisniEREC2 (XPand
leukoplakia, with stuisreporting nullresults for rs13181, rs1799793, and rs238{8@9,33)
except one study reporting laighly elevated OR for rs131820R = 4.2, 95% Cl = 1.2, 15.0 for
GIn/GIn/ vs. Lg/Lys)(29).
1.7.13 Summary of NER Genes, Tobacco, and HNC Incidence

Approximately 40 previoustudies have collectively investigated the role of 10 NER genes
andnearly 60associated SNH4,5,846). The most studied SNPs and genes were rs13181
(Lys751@l), rs1799793 (Asp312Asahnd rs238406 (Arg156Arg) ¥PD(ERCC) and rs3212986 in

ERCC1Studies on the effects of rs13181 aisd 799793 reported mixedesults(4,5,9,10,16,17,19
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21,24,29,30,334,36:38), while studies on rs238406 and rs3212986 reported mostly null
associations with HN@,5,16,19,24,29,34,37,38,40,48)ther commonly studied genes included
ERCC8ndLIG1 SNPs iERCCséeemed to be associated with reduced risk of HINC3) while SNPs
in LIG1seemed tabe associated with increased rigk7,31) Joint effects of SNRed cigarette
smoking were reported iapproximately 2Gstudies. Again the most studied SNP was rs13181
(Lys751GIn) in XPD. Twodits on the effect of rs13181 on HNC reported stronger positive
associations among smokers with risk genot{®é0) while two studies observed similar effects
across smokers and nesmokerg(36,37) Resultdor joint effects between cigarette smoking and
other SNPs in NER genes were mixed for other studiesdnmesuggested stronger effects in
smokers compared to nesmokers for met SNPs(4,810,13,15,16,22,24,288,30,31,33,35
38,40,44)

1.8 SINGLRUCLEOTIDE POLIRPHISMS IN NUCLHOH EXCISION REPABRNES, TREATMENT,
AND HEAD AND NECKNTAR MORTALITY

1.8.1 XPA an&XPC

Evidence linking SNPsXiPAand XPQo HNC survival are limitggable 10). Onlytwo studies
haveconsideredSNPs ixXPAand XP(Q47,48) Azadet al.(47)found noassociation between
rs1800975) p QSNP émxiPAand overalkurvival(OSHR=0.96, 95% €0.78, 1.18) nor disease
free survival DFHRA.10, 95% CI 0.88, 1.36) among 531 HNC cases from Canada treated with
radiation therapybased on aradditive genetic modglA>G) LikewiseCarleset al.(48)found no
difference inprogression free survival (p=0.23)rmoverall survival (p=0.64ross genotypes (TT,
CT, CC) using the loank testamong 107 HNC and 1 esophageal cancer patients receiving
radiotherapy in SpairCarleset al.(48)also notedno difference inprogresson free survival (p=0.74)

nor overall survival (p=0.9@ross genotypes dbr rs222801 inXPQCC, CA, AA)
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1.8.2 ERCC5 (XPG)

Thestudiesby Azadet al.(47)and Carleset al. (48)also studied two SNPs ERCCBKPG)
(table 10). Azadet al.(47)found near null associations between rs17665COSHR=0.89, 95%
A=0.70, 1.13 and DFRRH0.85, 95% CI=0.66, 1).6&d rs1047768Tc-COS HR=03, 95% CI=0.85,
1.25 and DFSR+1.06, 95% CI=0.86, 1).23Md survivalising an additive modeCarlest al.(48)also
found lttle difference in progression free or overall survival was reported across gersofi#eAG,
and GG) for rs17653n contrastCarleset al.(48)did find significant differences in progression free
(p=0.049) and overall (p=0.0066) survival for rs1047768, with individuals with the genotype TC and
CC expeéencing better survival compared to individuals with TT.

1.8.3 ERCC4 (XPF)

In addition to the study by Azaat al.(47)which reported near null HRs for rs1799801 and
survivalusing an additive mod€r>C, OS HR 92, 95% CI6.83, 1.27 and DFS HR96,95% CI=
0.77,1.21) astudy byVaeziet al.(55)considered the impact of 9 SNPEHRCCHXPF, as well as
expression oKPFEon 1 year progression free survival following atitin of treatment (table 0).
The study included 80 HNC cases in Pennsylvania, of whom 70 receaseth&rapy and platinum
based chemotherapy and 10 received only radiother@®). Fortytwo of the 72 patients also
received surgery55). Although all SNPs were found to have elevated HRs for the variant allele
versus the common allele, only four SNPs demonstrated borderline signifioaimgea recessivar
additivemodel (55). Theage, gender, stage, sitandtreatment adjusted HRs {palues) for these
four SNPs were 1.94 (p=0.065) for rs1799(¢B£),2.00 (p=0.053) for rs3136155 (03..94
(p=0.065) for rs3136166 (&}, andl.95 (p=0.065)dr rs3136202 (GX) (55).
1.8.4 ERCC2 (XPD)

ERCCXPDis another commonly studied NER gene in relation to HNC mortlitie 10)

Sixstudies have investigated the role of rs13181 on HNC mor{@ljty7,48,50,53,54)n addition,
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three studies haveconsidereds179979347,53,54) Zhonget al. (7) provides the most
comprehensive analysis of rs13181 with 485 HNC from Pennsylvania, and is the only study to stratify
any relationship between NERmes and HNC survival by different treatment types. Among 275
patients receiving radiotherapy and 210 not receiving radiotherapy, the effect of rs13181 varied by
treatment regime(7). Among cases with stage 3 and 4 tusydhe genotype AA (wiltype

genotype) was associated with poorer overall survival among those treated with radiation (HR =
1.66, 95% CIl = 1.15, 2.40, Kaplan Meiealpe < 0.01), but better survival among those not
receiving radiation (HR = 0.26, 95%©.11, 0.62, Kaplan Meietvalue <0.01f7). Distinct

differences in disease free survival and progression free survival were also(Aptésmong cases
with stage 1 and 2 tunts who did not receive radiation, overall, disease free, and progression free
survival did not vary across genotypes (p=0.78, 0.98, 0.79, respec{iflelgarlest al.(48)also
considered the impact of rs13181 on survival among HNC cases treated with radiotherapy, but
found no differences in progression freearerall survival across genotypes (Kaplan Meiealpe =
0.78 and 0.87, respectivelyh contrast, Azaét al.(47)and Mahimakeet al. (53)found that rs13181
was associated with improved disease/relapse free survival (HR=080C85.64, 1.00 and
HR=0.52, 95% CI=0.20, 0.91 respectivelyguemn additivd A>Cland dominant mode{Lys/GIn +
GIn/GIn w. Lys/Ly¥respectively. Likewise, these studies reported improved disease/relapse free
survival associated with rs1799793AHR=0.89, 95% CI=0.72, 1.11 in Aetaal. study and

Asp/Asn + Asn/én vs Asp/Asp HR=0.43, 95%£1.22, 0.84 for Mahimalet al.study)(47,53)

Among those treated with chemotherapy, Quintdfandinoet al.(54)found significantly improved
overall survival among individuals with the common allele (p=0.0012) for both rs13181 and
rs1799793In contrast Galet al.(50)found no association between rs13181 and survival outcomes

using a dominant model (Lys/GIn + GIn/@nLys/Ly}
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1.8.5 ERCC1

ERCCis one of the most commonly studied NER genes in relation to HNC motizitity
10). In particular, three SNPs have been investigated: rs735482, rs3212886511615rs735482
is marked by a Thr substitution of Lys resulting from aeigstreplacement of adenin@7,48,51)
Threestudies have explored the association between this SNP and HNC s{#¥j48l51) The
largest study conducted by Azatlal.(47)found that rs735482 was not associated with overall
survival (HR=0.92, 95% CB8).1.24), but was associated with disease free survival (HR=0.78, 95%
Cl=0.44, 0.95)sing an additive model (A>@nong a population receiving radiation therapy. The
study byCarleset al. (48), also amongpatientsreceiving radiation treatment, reportedgnificant
differences in progression free survival (p=0.0005) and overall survival (p=0.0089) were found across
all three genotypes, with individuals homozygous for the risk allele (Thr259Thr) experiencing much
worse survival than individuals with Lys259Lys or Lys25@8hrGrauet al. (51)also noted
increased, although nonsignificant, risk associated with the variant allele of thiSgaifically
this study found unadjusted ORs (95% CIs) of 1.54 (0.71, 3.32) for AC versus AA and 1.571{0.63, 3.
for CC versus A/d1). Two studiegeportedon the association between rs3212986 and survival
Azadet al. (47)reported HRs (95% CIls) for this SNP and overall and disease free survival as 0.85
(0.67, 1.09) and 0.96 (0.75, 1.23), respectiveding an additive model (C>&nongHNCpatients
treated with radiation. In addition, QuintelaFandinoreported a Kaplan Meier-palue of 0.8 for
comparing the common and polymorphic alleliethis SNRmong HNC patients receiving
chemotherapy(54). Finally, twolow powered studis considered rs11615 (cysteine substitution of
tyrosine) with one study concludinthat there was no association among 59 HNC patients receiving
surgery and chemotherapy in Bra@b)and the other suggestingaprer survival associated with

the variant genotype (OS HR =3.4, 95% CI=0.9, 120fer CT v§T) (52).
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1.8.6 ERCC3 (XPB), ERCCS8, CDK7, CCNH, RAD23B, ERCC6, DDB2 (XPE), RAD23A, LIG1

To date, no studies have considdrihe impact of SNPs ERCC3 (XPB), ERCC8, CDK7, CCNH,
RAD23B, ERCC6, DDB2 (XPE), RADRBAGland HNC survival. Therefore, this dissertatias
the first to assess the associations between these genes and overall and dipeaffec survival in a
large, racially diverse population of HNC cases.
1.8.7 Summary of NER Genes, Treatment, and HNC Mortality

ApproximatelylO studies investigated the role of variants in NERegesind treatment on
HNC survivdl7,47-55). Five studies considered populations of patients who received radigtiith
or without surgery or chemotherapyy,47,48,50,53)whilethe otherfive studies considexd
patients receiving chemotherapy g2udies induction chemotherapy, study concurrent
chemotherapy;l study adjuvant chemotherapy, and 1 study with various combinations of
chemotherapy and radiatior(#9,51,52,54,55)0nly 1 study compared 2 separate treatment
regimens: radiation versus no radiati¢r). Most studies=8) consideed overall survival as an
endpoint(7,4752,54) In addition, 3 studies reported diseasspecific survival50,52,53and7
studiesprogression/relapsarecurrencetliseasdree survival7,47,48,5153,55) These studies
collectively investigated a total of 6 NER genesraatly 20associated SNH$,47-55). The most
studied SNP was rs13181 (Lys751GIn) in(XPB8,50,53,54)For this SNP, 2udiesamong
patients receiving radiation showet difference in0OS, PFS, of DS across genotype$0) In
contrast,2 other studies suggested the variant genotype using an additive and dominant model,
respectively, may be associated with improved surv#@|53) Another study foundhe common
allelewasassociated with worse survival amoagadiation treatment group but better survival
amongano treatment group(7). Other studied NER genes with regard to treatment and HNC
survival wereXPF (EREZNandERCCM7-49,51,54,55) ForERCC4most SNPs displaye@grse

survival associated with theariantallele (55). ForERCCZEvidence fors735482vas mixed
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(47,48,51)andno difference in OS or PR@s notedacross genotypes for rs3212986 aisd1615
(49,54)
1.9 SUMMARYOF LITERATURE REVIEW

Head and neck cancers, principally squamous cell carcinomas, comprise tumors of the oral
cavity, pharynx, and laryn(65,66,70) Numerous demographic and behavioral factors are associated
with HNC incidence, with 75% of cancers attributed to cigarette smoking and alcohohd (Bl
With regard to mortality, several clinical factors, including treatment, as well as demographic and
behavioral factors are associated with survival. Historically, HNC were treated with surgery and/or
radiothergy, but over the last few decades individuals treated with chemotherapy in addition to
surgery and radiotherapy have demonstrated improved surgik2l

Tobacco contains a numbeff ohemicals, including nitrosames and benzenes, known to
produce bulky DNA adducf®,3) Nucleotide excision repair is the primary pathway responsible for
removing such adduc{8,4) Single nucleotide polymorphisms in NER genes, however, can alter this
pathway, allowing DNA damage to persist and initiation of carcinoge(8424) Studies regarding
the individualeffects of polymorphisms iINERgenes as well as joint effects with cigarette smoking,
on HNGiskhavereported mixed result§tables 7 and 8(4,58-46).

Radiotherapy and platinushased chemotherapies also produce bulky DNA addi6¢Ts48)
However, since these DNA adducts can function to initiate apoptosis in cafiseSté¢Ps in NER
genes may actually confer a survival advant@@eStudies regarding thimdividualeffects of
polymorphisms ilNERgenes as well as joint effects with treatmeran HNGisk havereported
mixed results, but some support this hypothesis (tab® (7,4 7-55).

Asdiscussed in detail in the methods chapter, this dissertation buiten the existing
literature by 1) includingne ofthe largest study population to datd,@27 cases and,325

controlg); 2) estimatingeffects among Afcan Americans (305 cases and 251 controls); 3) evaluating
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more NER genes, including more SNPs, inamious studie$84 SNPs in 15 NER genes); and 4)
formally assessing gerenvironment interactions, namely the joint effects of polymorphisms in NER
genes and cigarette smoking with respect to HNC incidence and polymorphisms in NER genes and

treatment with respect to HNC mortality, which few studies have done.
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Table 1. Head and Neck Cancer Incidence in the United States from SEER(037J69,60)

Oral Cavity and Pharyngeal Cancer
Casegper 100,000 persons)

Laryngeal Canc&ases (per

Deaths persons)

Race/Ethnicity Male Female Male Female
All Races 15.7 6.2 6.0 1.3
White 16.1 6.2 6.0 1.3
Black 15.6 5.6 9.8 1.9

Table 2. Head and Neck Cancer Mortality in the United States from SEERQR8(E9,60)

Oral Cavity and Pharyngeal Cancer | Laryngeal Cancé&eaths(per

Deaths (per 100,000 persons) 100,000persons)
Race/Ethnicity Male Female Male Female
All Races 3.9 1.4 2.2 0.5
White 3.7 1.4 2.0 0.4
Black 6.3 15 4.6 0.7
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Table 3Oral and Pharynge&lancer Survival in the United States frBEER 9, 1983007 (61)

Ages <65 (% dead) Ages 65+ (% dead)
Survival (years since diagnos All Races| White | Black | All Races| White Black
0 100.0 100.0 | 100.0 | 100.0 | 100.0 | 100.0
1 87.2 88.8 | 74.30 77.7 78.7 64.7
2 76.2 78.7 56.9 65.9 67.1 50.3
3 70.1 73.0 48.4 59.8 61.2 42.2
4 66.2 69.2 44.0 55.6 57.1 37.8
5 63.4 66.6 40.7 52.5 54.0 34.3
6 61.3 64.6 37.5 49.5 51.1 315
7 59.3 62.7 35.6 46.8 48.3 29.5
8 57.5 60.9 33.9 44.2 45.6 27.7
9 55.8 59.1 32.3 41.8 43.1 26.3
10 53.9 57.2 30.8 40.0 41.1 25.6

Table 4LaryngealCancer Survival in the United States frBEBER 9, 198807(62)

Ages <65 (% dead)

Ages 65+ (% dead)

Survival (years since diagnos All Races| White | Black | All Races| White | Black
0 100.0 100.0 | 100.0 | 100.0 | 100.0 | 100.0
1 89.5 90.8 83.0 85.0 85.7 79.4
2 79.1 81.4 68.4 75.5 76.4 68.3
3 73.2 75.9 60.6 69.8 70.7 61.6
4 69.0 71.9 55.7 65.7 66.6 57.8
5 65.9 68.8 52.7 62.1 63.2 51.9
6 62.7 65.7 49.1 59.1 60.4 46.2
7 60.3 63.3 46.7 56.1 57.2 44.0
8 57.7 60.7 44.0 532 54.6 39.2
9 55.6 58.5 42.3 49.8 51.4 35.5
10 53.4 56.2 40.3 47.3 48.7 34.6
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Table 5. Nucleotid&xcision Repair Genes Locati@dapMap(129) and Function (Friedbesg al,,

2006(123)
Chromosomeand Position
Gene (HapMap) Protein Function (Friedberg, 2006)
ERCC3 (XPB 2 127,731,336 to 127,768,22% Subunit of transcription factor Il H (TH)I
which unwinds double helix
XPC 3 14,161,651 t0 14,195,143 Bindsto DNA adduct
ERCCS8 5 60,205,415 to 60,276,648 Transcriptioacoupled NER
CDK7 5 68,566,471 to 68,609,004 Subunit of transcription factor Il H (TFIIH)
which unwinds double helix
CCNH 5 86,725,839 to 86,744,592  Subunit of transcription factor Il H (TFIIH)
which unwinds double helix
XPA 9 99,477,0131t0 99,499,460 Bindsto DNA adduct
RAD23B 9 109,085,365 to 109,134,29( Bindsto DNA adduct
ERCC6 10 50,336,7151t050,417,078 Transcriptiorcoupled NER
DDB2 (XPE) 11 47,193,089 to 47,217,339
ERCC5 (XPG 13 102,296,175 to 102,326,34¢ 3' incision nucleas@ual incision to remove
adduct)
ERCC4 (XPF 16 13,921,524 to 13,949,704 5'incision nucleasgual incision to remove
adduct)
RAD23A 19 12,917,654 to 12,925,455 Bindsto DNA adduct
ERCC2 (XPD 19 50,546,686 to 50,565,669 Subunit of transcription factor Il H (TFIIH)
which unwinds double helix
ERCC1 19 50,604,712 to 50,619,017 5'incision nucleas@lual incision to remove
adduct)
LIG1 19 53,310,5151t0 53,365,372 DNAligase
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Table 6. Characteristics of casentrol studies on the association between polymorphisms in nucleotide excision repair genes
and head and neck cancer incider{d,5,846)

1%

N Cases/ Recruitment of Cases / Interaction
Author Year Country Controls  Controls Matching HN Site(s) Genes Genetic Model Adjustment Variables with Smoking
Abbasi 2009 Germany 248/ 647  population/ population age and gender larynx ERCC1, ERCC2 (XPD), dominant age, gender, education, X
ERCC4 (XPF),ERCC5 (> (general also available) ~ smoking, alcohol
ERCCS6, XPA, XPC, RAI
An 2007 US (TX) 829/ 854  hospital /visitors age and gender oral, pharynx, larynx ERCC1, ERCC2 (XPD), recessive age, gender, smoking,  X(1-3 or 4-6 risk
ERCCS (XPG), XPA, XP (general also available) ~ alcohol genotypes by
smoking)
Anantharaman2012 India 655/ 802  hospital / hospital age, sex, tobaccooral ERCC2 additive age, sex, education X
Bau 2007 Taiwan 154/ 105  hospital / hospital age oral ERCC2 (XPD), XPA dominant X
(general also available)
Buch 2005 US (PA) 273/ 269  hospital / hospital larynx, tongue, oral, ERCC2 (XPD) dominant age, smoking X
lung (general also available)
Canova 2009 Europe 1511/1457 hospital / hospital and sex, age, center, oral, pharynx, larynx, ERCC1, ERCC4 (XPF) general age, sex, smoking, alcoh
population ethnicity, referal/ esophagus country
residence area
Chiu 2008 Taiwan 292/ 290  hospital / hospital age, sex oral ERCC6 dominant X
(general also available)
Chuang 2011 International 5,915/ 10,644 hospital and population age, sex, race, oral, pharynx, larynx ERCC2 general age, sex, country, race
(CHANCE) hospital and population location
Cui 2005 US (CA) 443/ 912  population/ age, sex oral, pharynx, larynx, ERCC5 (XPG) recessive age, sex, ethnicity, X
neighborhood esophagus (general also available)  education, smoking,
alcohol
Gajecka 2005 Poland 293/ 322  hospital / smokers from larynx ERCC2 (XPD) recessive X
blood bank (general also available)
Gugatschka 2011 Austria 169/ 463  hospital / another study oral, pharynx, larynx ERCC2 (XPD) general
Gugatschka 2011 Austria 294/ 463  hospital / another study oral, pharynx, larynx ERCC2 (XPD) general
replication
Hall 2007 Central & 811/ 1083 hospitals and clinics/ age, sex, referal/ oral, pharynx, larynx, XPA general age, sex, country, smokir
Eastern hospitals and clinics  residence area esophagus alcohol
Europe
Harth 2008 Germany 312/ 300 hospital / clinic oral, pharynx, larynx ERCC2 (XPD) dominant age (simple and X(2 genotypes b
(general also available)  quadratic), sex smoking)
Huang 2005 US (WA & 555/ 792  hospital / hospital age, sex oral, pharynx, larynx ERCC2 (XPD) dominant age, sex, smoking, alcoh
NC) & (population / population (general also available)  center
Puerto Ricc for Puerto Rico)
Jelonek 2010 Poland 105/ 507  hospital / blood donors age, sex oral, pharynx, larynx ERCC2 (XPD), XPA 35y S Rp-vialued v
at cancer institute
Ji 2010 South Kore®90/ 358 hospital / hospital oral, pharynx, larynx ERCC2 (XPD) general age, sex X
Jones 2011 US (FL) 175/ 790  hospital / community oral, pharynx, larynx ERCC1 general age, sex, smoking
(cancer sreening
program)
Kietthubthew 2006 Thailand 106/ 164  hospital / community  age, sex, smokincoral ERCC2 (XPD), XPC general age, sex, smoking, alcoh X
alcohol betel quid chewing
Kostrzewska- 2013 Poland 295 160 population/ population age oral, larynx, other ERCC2 (XPD) dominant crude

Poczekaj

(general also available)
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Table 6 contCharacteistics of cas&ontrol studies on the association between polymorphisms in nucleotide excision repair genes

and head and neck cancer incidence

N Cases / Recruitment of Cases / Interaction
Author Year Country Controls Controls Matching HN Site(s) Genes Genetic Model Adjustment Variables with Smoking
Krupa 2011 Poland 253/ 253 hospital / hospital age, sex larynx ERCC4 (XPF) dominant age, sex X (only)
Lee 2008 US (CA) 489/ 948 hospital / neighborhood age, sex, oral, pharynx, larynx, LIG1 general age, sex, education, X
neighborhood esophagus ethnicity, smoking
Ma 2012 US (TX) 1059/ 1066 hospital / hospital age, sex oral, pharynx, larynx ERCC5 (XPG) dominant age, sex, smoking, alcohol X
(aeneral also available)
Majumder 2007 India 310/ 389 hospital / hospital oral ERCC2 (XPD) general age, sex, tobacco
(dental patients)
Matullo 2006 Western 88/ 1094 nested case-control oral, pharynx, larynx ERCC1, ERCC2 (XPD) general X
Europe (population); never or
(Epic) former smokers only
Michiels 2007 France 251/ 172 nested case-control age, sex , hospitabral, pharynx, larynx ERCC3 (XPB), LIG1 general age, smoking, alcohol X
(hospital); regular
smokers only
Mitra 2009 India 285/ 400 hospital / blood donors ethnicity oral, pharynx, larynx ERCC2 (XPD) dominant age, smoking, tobacco
in province (general also available)  chewing, pan masala
Ramachandrar2005 India 110/ 110 hospital / relatives and age, sex, smokin(oral ERCC2 (XPD) general age, sex, smoking, betel X
visitors betel quid quid chewing, alcohol
chewing, alcohol
Rydzanicz 2005 Poland 182/ 143 hospital / smokers from tonsil, tongue, ERCC2 (XPD) general
blood bank hypopharynx and
paranasal sinus
Shen 2001 US (TX) 287/ 311 hospital / MCO age, sex, oral, pharynx, larynx XPC general age, sex, smoking, alcohi X
ethnicity, smoking
Sliwinski 2010 Poland 265/ 280 hospital / hospital oral, pharynx, larynx ERCC2 (XPD) general X
Sturgis 2002 US (TX) 180/ 400 hospital / MCO age, sex, smokintoral, pharynx, larynx ERCC2 (XPD) R2 YA y Fppéluep v
alcohol (general also available)
Sturgis 2002 US (TX) 313/ 313 hospital / MCO age, sex, smokin¢oral, pharynx, larynx ERCC1, ERCC2 (XPD) ERCCL1 recessive age, sex, smoking, alcoh: X
alcohol ERCC2 (XPD) dominant
Sturgis 2000 US (TX) 189/ 496 hospital / MCO age, sex, smokin¢oral, pharynx, larynx ERCC2 (XPD) recessive age,sex, smoking, alcohc X
alcohol (general also available)
Sugimura 2005 Japan 122/ 241 hospital / hospital oral ERCC1, ERCC4 (XPF), XPA, XPC and XPF dominage, sex, smoking, alcoht X
ERCCS5 (XPG), XPA, XP XPG and ERCC1 recessive:
(general also available)
Wen 2006 China 175/ 525 larynx, hypopharynx ERCCS5 (XPG) dominant
Yang 2005 South Kore.73/ 85 hospital / hospital oral, pharynx, larynx XPC 38y S Ripg-vialued v age, sex, smoking, alcohol
Yang 2006 South Kore 67/ 73 hospital / hospital oral, pharynx, larynx ERCC1 3 Sy S Rip-vialued v age, sex, smoking, alcohol
Yu 2012 US (TX) 1040/ 1046 hospital / hospital age, sex oral, pharynx, larynx ERCC4 (XPF) recessive age, sex, smoking, alcohol X
(general also available)
Yuan 2012 China 397/900 hospital / hospital oral, pharynx, larynx ERCC2 (XPD), ERCCS5 (¥Bdjive age, sex, smoking, alcohol
Zavras oral age, smoking, alcohol, ar
2012 Taiwan 239/ 336 hospital / population  race ERCCS5 (XPG) general areca nut




Table 7. Effect estimates among casmtrol studies on the association between polymorphssin
nucleotide excision repair genes and head and neck cancer inei§¢5c346)

Gene SNP variant Study OR (95% CI) Genetic Contrast (risk vs ref)
ERCC3 (XPBj)s4233583 Michiels 2007 (smokers) 0.37 (0.15, 0.90) AAvs CC
XPC rs2228001 Abbasi 2009 0.98 (0.68, 1.40) (Lys/GIn + GIn/GIn) vs Lys/Lys
An 2007 1.08 (0.81, 1.43) GIn/GlIn vs (Lys/GIn + Lys/Lys)
Kietthubthew 2006 1.35(0.50, 3.92) CCvs AA
rs2228000 An 2007 1.65 (1.16, 2.36) Val/Val vs (Ala/Val + Ala/Ala)
PAT Kietthubthew 2006 1.60 (0.55, 4.66) ++ VS --
Shen 2001 1.85(1.12, 3.05) ++ VS --
Sugimura 2005 0.83(0.51, 1.34) (-+'+ ++) vs --
Yang 2005 p=0.96 v? for freq in cases vs controls
ERCCS8 none
CDK7 none
CCNH none
XPA rs1800975 Abbasi 2009 1.20(0.86, 1.70) (AG + AA) vs GG
Bau 2007 1.17 (0.66, 2.05) (AG + GG) vs AA
Sugimura 2005 2.04 (1.18, 3.55) (AG + GG) vs AA
An 2007 0.87 (0.65, 1.16) AA vs (AG + GG)
Hall 2007 0.74 (0.53, 1.03) AA vs GG
unspecfied Jelonek 2010 p=0.1881 v? for freq of AA in cases vs controls
RAD23B rs1805239 Abbasi 2009 1.30(0.92, 1.90) (Ala/Val + Val/Val) vs Ala/Ala
ERCC6 rs4253211 Abbasi 2009 0.53(0.34, 0.85) (Arg/Pro + Pro/Pro) vs Arg/Arg
rs2228527 Abbasi 2009 0.87(0.61, 1.20) (Arg/Gly + Gly/ Gly) vs Arg/Arg
rs2228526 Chiu 2008 0.82(0.50, 1.34) (AG + GG) vs AA
rs2228528 Chiu 2008 1.43(1.02, 2.01) (GA + AA) vs GG
rs2228529 Chiu 2008 0.79 (0.49, 1.26) (AG + GG) vs AA
DDB2 (XPE) none
ERCCS5 (XP(352094258 Ma 2012 0.99 (0.82, 1.20) (CT+TT)vsCC
rs2296147 Ma 2012 1.06 (0.87, 1.28) (CT+CC)vsTT
rs4771436 Ma 2012 1.01(0.85, 1.20) (GT+TT) vs GG
rs1047768 Abbasi 2009 1.20(0.80, 1.70) (CT+TT)vsCC
Ma 2012 1.00(0.84, 1.21) (CT+TT)vsCC
rs2227869 Ma 2012 0.73(0.52, 1.01) (CC+CG) vs GG
rs4150351 Ma 2012 0.81(0.67, 0.98) (AC +CC)vs AA
rs4150355 Ma 2012 1.10(0.92, 1.31) (CT+TT)vsCC
rs4150383 Ma 2012 1.02 (0.85, 1.24) (AG + GG) vs AA
rs4150386 Ma 2012 0.97 (0.79, 1.20) (AC +CC)vs AA
rs17655 Abbasi 2009 1.30(0.93, 1.90) (His/Asp + His/His) vs Asp/Asp
Wen 2006 1.88 (1.05, 3.40) Asp/His vs Asp/Asp
An 2007 0.80 (0.51, 1.28) Asp/Asp vs (His/Asp + His/His)
Cui 2005 0.67 (0.42, 1.10) Asp/Asp vs (His/Asp + His/His)
Ma 2012 0.99(0.83, 1.19) (CG+GG)vsCC
Sugimura 2005 0.79(0.44, 1.42) GGvs (CC + CG)
Yuan 2012 0.97 (0.82, 1.15) CCvs CGvs GG
rs873601 Ma 2012 1.04(0.87, 1.24) (AG + GG) vs AA
rs4150393 Ma 2012 0.93(0.76, 1.15) (AG + GG) vs AA
rs751402 Zavras 2012 2.20(0.93-4.57) TTvs CC
ERCC4 (XPF)s2276466 Yu 2012 0.69 (0.50, 0.96) GGvs (CC + CG)
rs1800067 Abbasi 2009 1.40 (0.89, 2.20) (Arg/GIn + GIn/GIn) vs Arg/Arg
Yu 2012 1.40 (0.51, 3.85) AA vs (GG +AG)
Canova 2009 1.13(0.46, 2.78) AA vs GG
rs1799801 Canova 2009 1.06 (0.80, 1.41) CCvsTT
rs1799798 Yu 2012 0.90(0.33, 2.52) AA vs (GG +AG)
rs3136038 Yu 2012 0.76 (0.58, 1.01) TTvs (CC+CT)
5 UTR, T2063A  Sugimura 2005 0.84 (0.53, 1.32) (TA+AA)vsTT
RAD23A none
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Table 7 cont. Effect estimates among casatrol studies on the association between

polymorphisms in nucleotide excision repair genes and head and neck cancer incidence

Gene SNP variant Study OR (95% CI) Genetic Contrast (risk vs ref)
ERCC2 (XPDys13181 Abbasi 2009 0.89 (0.63, 1.30) (Lys/GIn + GIn/GlIn) vs Lys/Lys
Buch 2005 1.5(1.3, 2.0) (Lys/GIn + GIn/GlIn) vs Lys/Lys
Huang 2005 1.04 (0.81, 1.34) (Lys/GIn + GIn/GIn) vs Lys/Lys
Bau 2007 0.83(0.41, 1.69) (Lys/GIn + GIn/GlIn) vs Lys/Lys
Harth 2008 0.86 (0.58, 1.28) (AC +CC) vs AA
Kostrzewska-Poczekaj 2013 0.74 (0.42, 1.29) (AC + CC) vs AA, young adults
Kostrzewska-Poczekaj 2013 1.05 (0.62, 1.79) (AC + CC) vs AA, older adults
Mitra 2009 1.33(0.75, 2.35) (AC +CC) vs AA
Anantharaman 2012 0.75 (0.63-0.89) GIn/GIn vs Lys/GIn vs Lys/Lys
An 2007 1.06 (0.79, 1.43) GIn/GIn vs (Lys/GIn + Lys/Lys)
Gajecka 2005 (controls smokerk)13 (0.74, 1.72) CCvs (AC+AA)
Sturgis 2000 1.55(0.96, 2.52) CCvs (AA+AC)
Chuang 2011 1.03(0.88, 1.21) GIn/GIn vs Lys/Lys
Gugatschka 2011 0.51(0.27, 0.95) GIn/GIn vs Lys/Lys
Gugatschka 2011 rep 0.54 (0.32, 0.92) GIn/GIn vs Lys/Lys
Majumder 2007 1.0(0.9, 2.3) GIn/GIn vs Lys/Lys
Ramachandran 2005 2.72(1.07, 6.91) GIn/GIn vs Lys/Lys
Sliwinski 2010 0.84 (0.42, 1.67) GIn/GIn vs Lys/Lys
Ji 2010 2.68(0.71, 10.10) CCvs AA
Kietthubthew 2006 2.04 (0.19, 21.66) CCvs AA
Rydzanicz 2005 0.93(0.49, 1.78) CCyvs AA
Matullo 2006 (nonsmokers)  0.62 (0.25, 1.53) CCyvs AA
Jelonek 2010 p=0.3802 v?for freq of CC in cases vs. controls
Yuan 2012 1.00 (0.73, 1.36) GGVvsTGvVsTT
rs1799793 Abbasi 2009 0.97 (0.68, 1.40) (Asp/Asn + Asn/Asn) vs. Asp/Asp
Buch 2005 1.3(1.0,1.8) (Asp/Asn + Asn/Asn) vs. Asp/Asp
Harth 2008 0.86 (0.57, 1.30) (GA + AA) vs GG
Sturgis 2002 1.28(0.93, 1.76) (GA + AA) vs GG
Anantharaman 2012 1.05 (0.86, 1.27) Asn/Asn vs Asp/Asn vs Asp/Asp
An 2007 1.15 (0.85, 1.57) Asn/Asn vs (Asp/Asn + Asp/Asp)
Gugatschka 2011 0.70(0.38, 1.28) Asn/Asn vs Asp/Asp
Gugatschka 2011 rep 0.73(0.44, 1.21) Asn/Asn vs Asp/Asp
Majumder 2007 1.0(0.9, 1.0) Asn/Asn vs Asp/Asp
Ji 2010 1.94(0.92, 4.08) GA vs GG
Matullo 2006 (nonsmokers) ndon 6 n ®n EAWSHEI 0
Jelonek 2010 p=0.3209 v? for freq of AA in cases vs. controls
rs1799792 Sturgis 2002 p=0.682 v?for freq of CT + TT in cases vs. control
rs1799791 Sturgis 2002 p=0.832 v?for freq of CG + GG in cases vs. contrc
rs238406 Abbasi 2009 0.98 (0.68, 2.40) (CA+AA)vsCC
Harth 2008 0.98 (0.66, 1.47) (CA+AA)vs CC
Gajecka 2005 (controls smoke@B1 (0.49, 1.31) AAvs (CA +CC)
Sturgis 2000 0.92(0.98, 1.32) AAvs (CA+CC)
Majumder 2007 1.0(0.9, 1.0) AAvs CC
Kietthubthew 2006 0.85(0.30, 2.37) AAvsCC
Rydzanicz 2005 0.96 (0.48, 0.90) AAvs CC
ERCC1 rs735482 Jones 2011 0.32(0.04, 2.49) CCyvs AA
rs3212986 Abbasi 2009 0.90 (0.64, 1.30) (CA+AA)vsCC
An 2007 0.89(0.59, 1.35) AA vs (CA+CC)
Strugis 2002 1.15(0.84, 1.59) CCvs (AA+AC)
Sugimura 2005 1.95(0.93, 4.09) AAvs (CC +CA)
Yang 2006 p=0.82 v?for freq in cases vs controls
rs3212961 Abbasi 2009 0.77 (0.51, 1.20) (CA+AA)vsCC
Canova 2009 0.45 (0.23, 0.90) CCvs AA
rs3212955 Jones 2011 1.36 (0.67, 2.75) GGvs AA
rs11615 Abbasi 2009 0.83(0.58, 1.20) (TC+CC)vsTT
rs3212948 Jones 2011 0.82(0.46, 1.45) GGvs CC
Canova 2009 1.02 (0.79, 1.31) GGvs CC
rs1319052 Jones 2011 0.90 (0.51, 1.59) AA vs GG
rs3177700 Mautllo 2006 (nonsmokers) 1.79 (0.80, 4.01) CCvsTT
)

rs11615, rs3177700Canova 2009

1.02 (0.80, 1.30
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Tabk 7 cont. Effect estimates among casmntrol studies on the association between
polymorphisms in nucleotide excision repair genes and head and neck cancer incidence

Gene SNP variant Study OR (95% CI) Genetic Contrast (risk vs ref)

LIG1 rs13436, rs3182008Michiels 2007 (smokers) 1.94 (1.06, 2.75) GGvs CC
rs153023 Michiels 2007 (smokers) 2.13(1.13, 2.90) TTvs CC
rs156640 Michiels 2007 (smokers) 1.94 (1.06, 3.56) CCvs GG
rs156641 Michiels 2007 (smokers) 1.75(0.92, 3.31) TTvs CC
rs2241721 Michiels 2007 (smokers) 1.69 (0.89, 3.21) CCvsTT
rs274892 Michiels 2007 (smokers) 2.05(1.12, 3.78) AAvs CC
rs3730912 Michiels 2007 (smokers) 0.86 (0.53, 1.40) GTvs GG
rs20581 Lee 2007 1.50 (1.00, 2.30) CCvsTT
rs20580 Lee 2007 1.20(0.83, 1.70) AAvs CC
rs20579 Lee 2007 2.00 (0.69, 2.30) TTvsCC
rs439132 Lee 2007 5.90 (1.10, 31.00) GGyvs AA
rs288882 Michiels 2007 (smokers) 1.83(0.96, 3.50) AA vs GG
rs228883 Michiels 2007 (smokers) 1.78 (0.94, 3.40) GGvsTT
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Table 8. Effect estimates by cigarette smoking among-castol studies on the asstation between polymorphisms in
nucleotide excision repair genes and head and reaeicer incidene (4,810,13,15,16,22,24,288,30,31,33,3588,40,44)

Nonsmokers Smokers
Gene SNP variant Study Definition OR (95% CI) Definition OR (95% ClI) Genetic Contrast (risk vs ref)
ERCC3 (XPB) s4233583 Michiels 2007 regular smokers (5 0.37(0.15, 0.90) AAvsCC
cigarettes/day for 5+ years)
XPC PAT Shen 2001 never smoker 1.87(0.72,4.86) former smoker 1.83(0.85,3.94) ++vs--
current smoker 1.69 (0.66, 4.35)
Sugimura 2005 smoker, risk genotype 0.48(0.13,1.87) (-+'+' ++) vs --
ERCC8 none
CDK7 none
CCNH none
XPA rs1800975 Bau 2007 nonsmoker, ref genotype 1.00 (ref) smoker, ref genotype -- (AG + GG) vs AA
nonsmoker, risk genotype 3.52(1.26, 9.84)  smoker, risk genotype 47.7 (15.48, 147.01)
Sugimura 2005 smoker, risk genotype 0.48 (0.11, 2.16) (AG + GG) vs AA
RAD23B rs1805239 Abbasi 2009 light smoker¥H n LI 00,98 (B.47NIBE)  heavy smoker (>20 packyear$)s0 (1.10, 2.50) (Ala/Val + Val/Val) vs Ala/Ala
ERCC6 rs4253211 Abbasi 2009 light smoker¥Kn n LJ-F 00,58 (5.18NIE5@)  heavy smoker (>20 packyearB)56 (0.34, 0.93) (Arg/Pro + Pro/Pro) vs Arg/Arg
rs2228528 Chiu 2007 never smoker 0.99 (0.64, 1.55)  ever smoker 2.36 (1.36, 4.10) (GA +AA) vs GG
DDB2 (XPE) none
ERCCS5 (XPG) rs1047768 Abbasi 2009 light smoker¥Kn n LJ- 00,88 B.43NIEV@)  heavy smoker (>20 packyears)0 (0.97, 2.20) (His/Asp + His/His) vs Asp/Asp
rs17655 Cui 2005 never smoker, ref genotypel.00 (ref) 1-20 packyears, ref genotype2.20 (0.51, 9.60) (His/Asp + His/His) vs Asp/Asp
never smoker, risk genotyp8.60 (1.20, 11.0)  1-20 packyears, risk genotypa.20 (1.10, 9.50)
>20 packyears, ref genotype 3.80 (1.00, 1.40)
>20 packyears, risk genotyp8.00 (2.70, 24.0)
Sugimura 2005 smoker, risk genotype 0.33(0.06, 1.74) GGvs (CC +CG)
rs4150351 Ma 2012 never smoker 0.84 (0.63, 1.34)  ever smoker 0.79(0.62, 1.00) (AC +CC)vs AA
ERCCA4 (XPF) rs2276466 Yu 2012 nonsmoker 0.57(0.33,1.00)  smoker 0.78 (0.52, 1.17) GGvs (CC +CGQG)
rs1800067 Krupa 2011 never smoker 1.13 (p=0.69) ever smoker 1.07 (p=0.80) (Arg/GIn + GIn/GIn) vs Arg/Arg
moderate smoking 1.06 (p=0.85)
heavy smoking 0.98 (p=0.95)
rs3136038 Yu 2012 nonsmoker 0.55(0.34, 0.88)  smoker 0.96 (0.66, 1.39) TTvs (CC +CT)
5'UTR, T2063A Sugimura 2005 smoker, risk genotype 0.60(0.17,2.12) (TA+AA)vsTT
RAD23A none
ERCC2 (XPD) rs13181 Anantharaman 201ho tobacco habit 0.55(0.28, 1.08)  exlusive chewer 0.76 (0.59, 0.97) GIn/GIn vs Lys/GIn vs Lys/Lys

Bau 2007 nonsmoker, ref genotype
nonsmoker, risk genotype

Buch 2005 nonsmoker, ref genotype
nonsmoker, risk genotype

Gajecka 2005

Ji 2010 nonsmoker

Mautllo 2006 never or former smoker

Ramachandran 2006ever smoker

Sliwinski 2010 nonsmoker

Sturgis 2000 never smoker

1.00 (ref)

28.48 (13.93, 58.23)smoker, risk genotype

1.00 (ref)
1.26 (0.73, 2.18)

7.2(0.39, 34.22)

0.62 (0.25, 1.53)
1.48 (0.80, 2.74)
1.07 (0.36, 3.21)
1.44 (0.54, 3.81)

exlusive smoker 0.69 (0.33, 1.43)
mixed habits 0.78 (0.59, 1.03)
smoker, ref genotype --

smoker, ref genotype
smoker, risk genotype
control current smoker
light smoker

heavy smoker

0.79 (0.45, 1.36)
3.99 (2.30, 6.92)
1.13(0.74, 1.72)
1.27 (.40, 4.08)
0.73(0.39, 1.36)

ever smoker
smoker

former smoker
current smoker

3.37 (1.51, 7.51)
0.72(0.29, 1.76)
1.40 (0.65, 3.00)
1.83(0.79, 4.27)

(AG + GG) vs AA

26.33 (7.87, 88.04)

(Lys/GIn + GIn/GIn) vs Lys/Lys

CCvs (AC+AA)
AC vs AA

CCvs AA

(Lys/GIn + GIn/GIn) vs Lys/Lys
GIn/GIn vs Lys/Lys

CCvs (AA+AC)
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Table8 cont. Effect estimates by cigarette smoking among easetrol studies on the association between polymorphisms in nucleotide
excision repair genes and head and neck cancer incidence

Nonsmokers Smokers
Gene SNP variant Study Definition OR (95% CI) Definition OR (95% CI) Genetic Contrast (risk vs ref)
ERCC2 (XPD) rs1799793 Mautllo 2006 never or former smoker  0.34(0.09, 1.24) AAvs GG
Anantharaman 201210 tobacco habit 1.50(0.69, 3.12)  exlusive chewer 0.92 (0.69, 1.22) Asn/Asn vs Asp/Asn vs Asp/Asp
exlusive smoker 0.89(0.37, 2.13)
mixed habits 1.15(0.83, 1.58)
Ji 2010 light smoker 2.4(0.78, 7.35)
heavy smoker 0.94 (0.47,7.35) GAvs AA
rs238406 Sturgis 2000 never smoker 1.15(0.57,2.32)  former smoker 0.72(0.41, 1.58) AAvs (CA +CC)
current smoker 1.04 (0.54, 2.01)
Gajecka 2005 control current smoker 0.81(0.49, 1.31) AAvs (CA+CC)
exon 6 Kietthubthew nonsmoker and nondrinker 4.10 (1.20, 14.0)  smoker and drinker 1.48(0.64,3.44) AAvsCC

ERCC1 and ERCC2 (XiBB212986/rs1799793Sturgis 2002

nonsmoker

1.24 (0.61, 2.51)

smoker

1.46 (0.95, 2.25)

CCvs (AA + AC) and (GA + AA) v

ERCC1 rs3212986 Sugimura 2005 smoker, risk genotype 8.49 (1.22,59.31) AAvs (CC +CA)
rs3177700 Mautllo 2006 never or former smoker  1.79(0.80, 4.01) CCvsTT
LIG1 rs13436/rs3182008 Michiels 2007 regular smokers (ie 5 1.94(1.06,2.75) GGvsCC
cigarettes/day for 5+ years)
rs153023 Michiels 2007 regular smokers 2.13(1.13,2.90) TTvsCC
rs156640 Michiels 2007 regular smokers 1.94(1.06, 3.56) CCyvs GG
rs156641 Michiels 2007 regular smokers 1.75(0.92,3.31) TTvsCC
rs2241721 Michiels 2007 regular smokers 1.69(0.89,3.21) CCvsTT
rs274892 Michiels 2007 regular smokers 2.05(1.12,3.78) AAvsCC
rs3730912 Michiels 2007 regular smokers 0.86 (0.53, 1.40) TT vs GG
rs20581 Lee 2007 0 packyears 0.83(0.42,1.60) >0to 20 packyears 2.30(0.95,5.40) CCvsTT
>20 packyears 2.20(1.00, 4.70)
rs20580 Lee 2007 0 packyears 0.86 (0.47,1.60) >0to 20 packyears 1.50(0.74,3.20) AAvsCC
>20 packyears 1.60 (0.84, 3.10)
rs20579 Lee 2007 0 packyears 1.50(0.91, 2.30) >0to 20 packyears 1.20(0.21,6.90) TTvsCC
(heterozygote presented) >20 packyears 0.95 (0.18, 5.00)
rs439132 Lee 2007 0 packyears 2.70(0.16, 45.0) >0to 20 packyears 3.30(0.18,60.0) GGvs AA
>20 packyears 2.00(0.74, 5.70)
(heterozygote presented)
rs288882 Michiels 2007 regular smokers 1.83(0.96, 3.50) AAvs GG
1s228883 Michiels 2007 regular smokers 1.78(0.94,3.40) GGvsTT
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Table9. Characteristics of casenly studies on the association between polymorphisms in nucleotide excision repair genes and head and neck
cancer mortaliy (7,47-55)

Kaplan  Cox

Meier Proptional Cox Proportinoal Model

Author Year Country N CasesHN Site(s) Treatment Genes Genetic Model Curve Model Adjustment Variables

Azad 2012 Canada 531 oral, pharybx, larynx radiation ERCC1, ERCCadditive X age, smoking, alcohol, BV

ERCCS5, XPA, (general also available) comorbidity, performance
ERCC2 status, tumor site, stage
Carles 2006 Spain 108 oral, pharynx, larynxradiation ERCC1, XPA, general X
nasopharynx XPC, XPD, XF (dominant also available for
time to progression)
De Castro 2011 Brazil 59 oral, pharynx, larynx ajuvant chemotherapy (cisplatin) ERCC1 general X multivariate model
X X
X X
Gal 2005 US (WA)328 oral radiation or surgery XPD dominant X age, smoking, alcohol,
(general also available) tumor site

Grau 2009 Spain 47 oral, pharynx, larynxinduction chemotherapy (paclitaxel) ERCC1 general X unadjusted

Hao 2012 Canada 55 oral, pharynx, larynx concurrent chemotherapy (cisplatin) ERCC1 dominant X unadjusted

Mahimkar 2012 India 458 oral surgery and radiation XPD dominant X age, sex, tobacco, grade,

(general also available) stage

Quintela- 2006 Spain 103 oral, pharynx, larynxinduction chemotherapy ERCC1, XPD general X

Fandino CDDP + radiotherapy (N=26), CDDP +
fluoropyrimidine (N=31), CDDP +
fluoropyrimidine + taxane (N=42), and cisplatir
cetuximab (N=4)

Vaezi 2011 US (PA) 80 oral, pharynx, larynx radiation and chemotherapy (platinum-based) XPF additive or recessive? X age, sex, tumor stage,
(N=70), radiation only (N=10), (homozygous variant versus tumor site, treatment
primary chemotherapy or radiation (N=38), or referent allele)
surgery + chemotherapy + radiotherapy (N=42

Zhong 2011  US (PA) 485 oral, pharynx, larynx radiation (with/without chemotherapy) N=275 XPD dominant (inverted) X X age, sex, tumor site, stage

no treatment N=210

treatment, CCND1 G870A
genotype
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Tablel0. Effect estimates of casenly studies on the association between polymorphisms in nucleotide excision repair genes

andhead and neck cancer mortalif7,4755)

Cox Proportional H Kaplan Meier

Gene SNP variant  Study Treatment Outcome (95% CI) Curve p-value  Genetic Contrast
ERCC3 (XPBjone
XPC rs2228001 Carles 2006 radiation progression free survival 0.74 general (C>A)
overall survival 0.96
ERCC8 none
CDK7 none
CCNH none
XPA rs1800975 Azad 2012 radiation overall survival 0.96 (0.78, 1.18) additive (A>G)
disease free survival 1.10(0.88, 1.36)
Carles 2006 radiation progression free survival 0.23 general (T>C)
overall survival 0.64
RAD23B none
ERCC6 none
DDB2 none
ERCC5 (XP(351047768 Azad 2012 radiation overall survival 1.03(0.85, 1.25) additive (T>C)
disease free survival 1.06 (0.86, 1.30)
Carles 2006 radiation progression free survival 0.049 general (T>C)
overall survival 0.0066
rs17655 Azad 2012 radiation overall survival 0.89(0.70, 1.13) additive (G>C)
disease free survival 0.85 (0.66, 1.09)
Carles 2006 radiation progression free survival 0.22 general (G>C)
overall survival 0.44
ERCC4 (XPF)s3136105 Vaezi 2011 X-ray therapy, chemotherapy, surgefiyyear progression free survivdl.41 (p=0.415) T>C
rs3136146 Vaezi 2011 X-ray therapy, chemotherapy, surgefiyyear progression free survivdl.69 (p=0.191) G>A
rs3136152 Vaezi 2011 X-ray therapy, chemotherapy, surgefiryear progression free surviva.30 (p=0.240) G>A
rs3136155 Vaezi 2011 X-ray therapy, chemotherapy, surgefiryear progression free surviva.00 (p=0.053) C>T
rs3136166 Vaezi 2011 X-ray therapy, chemotherapy, surgefiryear progression free survivdl.94 (p=0.065) T>G
rs3136189 Vaezi 2011 X-ray therapy, chemotherapy, surgefiryear progression free survivdl.44 (p=0.285) T>C
rs3136202 Vaezi 2011 X-ray therapy, chemotherapy, surgefiryear progression free survivdl.95 (p=0.065) G>A
rs1799799 Vaezi 2011 X-ray therapy, chemotherapy, surgefiryear progression free survival.94 (p=0.065) T>C
rs1799801 Azad 2012 radiation overall survival 1.02(0.83, 1.27) additive (T>C)
disease free survival 0.96 (0.77, 1.21)
Vaezi 2011 X-ray therapy, chemotherapy, surgefiyyear progression free survival.46 (p=0.265) T>C
RAD23A none
ERCC2 (XPI[¥s13181 Azad 2012 radiation overall survival 0.86 (0.71, 1.06) additive (A>C)
disease free survival 0.80 (0.64, 1.00)
Carles 2006 radiation progression free survival 0.78 general (A>C)
overall survival 0.87
Gal 2005 radiation or surgery overall survival 1.06 (0.74, 1.51) (Lys/GIn + GIn/GIn) vs Lys/Lys
disease-specific survival 0.80 (0.41, 1.56)
Mahimkar 2012 sugery and radiation disease-specific survival 0.72 (0.41, 1.24) (Lys/GIn + GIn/GlIn) vs Lys/Lys
relapse free survival 0.52 (0.20, 0.91)
Quintela-Fandino 2006 induction chemotherapy overall survival 0.0012 common vs polymorphic allele
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Table10 cont. Effect estimates of casenly studies on the association between polymorphisms in nucleetiésion repair genes and head and
neck cancer mortality

Gene SNP variant

Study

Treatment

Outcome

Cox Proportional H Kaplan Meier

(95% Cl)

Curve p-value  Genetic Contrast

ERCC2 (XPIx»s13181 cont Zhong 2011

stage 3-4, radiation

stage 3-4, no radiation

stage I-Il, no radiation

overall survival

disease free survival
progression free survival
overall survival

disease free survival
progression free survival
overall survival

disease free survival
progression free survival

1.66 (1.15,2.40)

0.26 (0.11,0.62)

<0.01 AAvs (AC +CC)
0.02

0.03

<0.01

0.05

0.02

0.78

0.98

0.79

rs1799793 Azad 2012 radiation overall survival 0.89(0.73, 1.10) additive (G>A)
disease free survival 0.89(0.72, 1.11)
Mahimkar 2012 sugery and radiation disease-specific survival 0.51(0.28, 0.92) (Asp/Asn + Asn/Asn) vs Asp/£
relapse free survival 0.43(0.22, 0.84)
Quintela-Fandino 2006 induction chemotherapy overall survival 0.0012 common vs polymorphic allele
ERCC1 rs735482 Azad 2012 radiation overall survival 0.92 (0.68, 1.24) additive (A>C)
disease free survival 0.78 (0.44, 0.95)
Carles 2006 radiation progression free survival 0.0005 general (A>C)
overall survival 0.0089
Grau 2009 induction chemotherapy overall survival 1.54(0.71, 3.32) AC vs AA
overall survival 1.57 (0.63, 3.91) CCvs AA
progression free survival "No statistically significant differences in time to
LINEPINBaaA2yXd0SGsSSy gAf Rmie LIS
rs3212986  Azad 2012 radiation overall survival 0.85 (0.67, 1.09) additive (C>A)
disease free survival 0.96 (0.75, 1.23)
Quintela-Fandino 2006 induction chemotherapy overall survival 0.80 common vs polymorphic allele
rs11615 Hao 2012 concurrent chemotherapy overall survival 3.4(0.9, 12.0) CC+CTvsTT
disease-specific survival 6.8 (0.8, 54.8)
recurrence 3.6 (0.8,16.6)
De Castro 2011 adjuvant chemotherapy 5-year overall survival p=0.808 general (C>T)

LIGL none
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CHAPTER 2

METHODS
2.1STUDY POPULATION
2.1.1 Carolina Head and Neck Cancer Epidemiology (CHANCE) Study

The Carolina Head and Neck CangpidemiologfCHANCE) studya populationbased

casecontrol study of2,785individuals (1,89 cases and 1,396 controls) frorf 4f 100 counties in
North Caroling57,63,64) To be eligible, cases and controls were between 20 to 80 years af age
diagnosig57,63,64) Casesvere identified from theNorth Carolina&CentralCancer Registiyetween
January 1, 2002 and February 28, 2(®5,63,64) To ensure quick recruitment of cases, rapade
ascertainment wasmployed(57,63,64) Cancers were classified according to-@3xodes; cancers
of the oral cavity (C02402.3,C03.6C03.1C03.9C04.1,C04.8C05.0C06.0C06.2; C06-806.9),
oropharynx (C01.9; C02.4; CO&W05.2; C09409.1; C09:£10.4; C10-€10.9), hypopharynx
(C12.9C13.2,C13.8C139); larynx (C32432.3; C32.9@ndoral cavity/pharymnot otherwise
specified (C02:£02.9;,C05.805.9;C14.0,C14.2,C14.8were ncluded in the study, while cancers of
the salivary glands (C07.9, C08.0 to C08.9), nasopharynx (C11 .0 to C11.9), nasal cavity (C30.0), and
nasal sinuses (C31.0 to C31w@ye excluded57,63,64) With regard to histology, only invasive
squamous cell carcinomas (basaloid, keratinizing, large and small cell nonkeratinizing, spindle cell,
microinvasiveyerrucous, not otherwise specified, aagithelial neoplasms not oérwise
specified) were included, while benign and in situ carcinomas, including papillary carcinomas and
adenoid squamous cell carcinomas, were exclu@J135) Medical records and tumaamples for

cases were reviewed by the CHANCE study pathol@gidtilliam K. Funkhouseo verify



diagnose482,135) Controls, defined asever being diagnosed with HN@ererandomlysampled
from the Department of Motor Vehicle records and were frequency matctoechses based on
strata of agg20-49,50-54,55-59,60-64,65-69, 70-74, 75-80 years of agk race(white, African
American, other racepndsex(male, female)57,63,64)
2.1.2 Recruitment Methods

Physicians of HNC cases who were eligible for CHANCE were provided with information
regarding the study and a request for permission for gtigators to contact the patient(s) under
their care(82,135) If physicians did not refuse or did not respond, eligible cases were then
approached about participation via mé#2,135) Likewise, eligible controls were initially contacted
via mail(82,135) Mailed materialexplained the purpose of the studstudy components
(administration of interview and collection of biologic samples), and compensation (&50B5)
Following mailings, trained nurses followag with individuals by phon® inquire about their
willingness to patrticipate, verify eligibility, and schedule an inten{#2y135) Consenting
participantswere then giverin-person interviews by trained nursg(57,63,64)In circumstances
where the selected case was deceased at the time of interview, the interview was administered to a
proxy who was usually a close relative,igbhis casidered a reliable substitute for some items
(82,135,136)Interviews consisted of questions oardographic (age, gender, raagjucation level,
etc.) ard behavioraltobacco usealcohol use, diet, oral health, etcas well as collection of biologic
specimeng57,63,64)Details of the CHANCE questionnaire and ctitla of biologic samples will
discussed in the exposure and covariate assessment sections.
2.1.3Study Population

A total of 2,135 cases of HNC were identified within the study time and lodditpme 2)
(82,135) Of these, physicians refused permission for investigators to contact 39 (1.8%) cases, 269

(12.6%) cases were determined to be ineligible (e.g., outside the age range), 50 (2.3%) cases were
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unlocatable, and 77 (3.6%) cases wedeeeased and had no pro¥§2,135) Of the remaining 1700
eligible cases, 311 (18.3%) refused to participate in the s82iyL35) In-person and proxy
interviews were completed by 1337 (78.6%) and 52 (3.1%) individuals, respe(@Rr/a§5)
Therefore, the response for cases was approximately 81.7% (1383 eted interviews / 1700
eligible cases).

A total of 4,049 controls were sampled to match cases within the study time and location
(figure 3) (82,135) Of these, 780 (19.3%) controls renot contacted, 234 (5.8%) controls were
determined to be ineligible (e.g., outside the age range), 655 (16.2%) controls were unlocatable, and
109 (2.7%) controls were deceased and had no pfd2yL35) Of the remaining 2271 eligible
controls, 875 (38.5%) refused to participate in the st(8B,135) Inperson and proxy interviews
were completed by 1379 (60.7%) and 17 @) individuals, respective{$2,135) Therefore, the
response for controls was approximately 61.5% (1396 completed interviews / 2271 eligible
controls).

Of the 1389 cases and,379 cortrols who completed interviews, 1329 (95.7%) cases and
1376 controls (99.8%) provided blood and/or buccal cell san{pz435) Of these, 1313 (98.8%)
cases and 1368 (99.4%) controls haffisient quantity and quality of DNA for genotypi(®82,135)
DNA samples from 127487.0%)cases and 134(®8.2%)controls were successfully genotyped
(82,135)

Toaddress the dissertatioaims onlycases and controls witbuccessfully genotyped DNA
wereincluded Individuals who selfeported race a white or African Americarereincluded; other
races and minoritie26 casesand 18 controlswere notconsidered in this dissertatioue to
sparse data. In addition, lip cance®d (casepwere excluded. The study population therefore
comprisal 1,227 cases and,325 controlsTablel1l summarizes the distribution of demagphic

characteristics for cases and controls in the overall CHANCE study and those eligible for this
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dissertation No material differences between the overall and dissertation study populations were
noted.
2.2 EXPOSURE ASSESSMERNETIEACTORS
2.2.1 Bologic Specimeltollection
At the time of interview, trained nurses collected three 10 ml blood samples from
participants(82,135) As described in the CHANCE Protocol and Dr. Anne Hal@meli K Qa RA & & S NI
(82,135)
[One] tube wasised for plasma and collection of mononuclear cells for subsequent DNA
extractiorX [, one]tube was used for plasma, buffy coat and ked red blood cell
separation (he buffy coat was stored frozen for subsequent DNAleX¥ (i A Zytlonelo
tube was used to collect serum that was storedgotential use in future assay82,135).
If individuals refused to provide a blood sample, they were asked to provide buccal cell samples
instead(82,135) Buccal cell samples were collected usirgounces of mouthwastr galire for 30
secondsand repeaing (82,135) All blood and buccal samples were packed on ice and returned to
the lab within 12 hours for processii@2,135) DNA extraction was usually completed withir72
hours of sample receifgB82,135) Among cases, 1217 provided blood samples and 112 provided
buccal ell samples. Among controls, 1280 provided blood samples and 96 provided buccal samples
(82,135)! & RS&AONROSR Ay GKS /1! b/ 9 tNR(G2@®2135) yR 5N
DNAwas extracted fronjfresh blood samples or buccal cell pelldtsizen at-80°C using a
modified salt procedure with Puregene chemistries. DNA samples were quantified in multi
spectral optial density spectrophotometers. The 260/280 ratio was used to assess sample
guality. Ratios of >1.7 for DNA extracted from blood or >1.6 for buccal rinse samples were
considered to be quality samples. In addition, each DNA sample was subjected to 0.4%
agarase gel electrophoresis to assess the size of the DNA. Greater than 96%blufatie
Al YL SaQ 3ASy2YAO 5b! ¢gla 2F KAIK ljdatAade I &
with a size greater than 25kBINA from [some] buccal samples was of insufficieningjtia

for genotyping DNA was aliquotted into multiple vials which were stored3&°C for long
term storage(82,135)
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2.2.2 Genotyping Methods

Genotyping was conducteat the Universiy of North Carolina at Chapel Hill, Mammalian
Genotyping Core Facilitg4). lllumina GoldenGate assay with Sentrix Array Matrix ard/€lb6
standard microtiter plates were used to genotype 1,536 different Siifrs CHANCE, including the
129 SNPproposed in this dissertatiof82,135) In addition to the large number of SNPs processed
simultaneously, the lllumina GoldenGate technology is a comynasgd due to the relatively small
amount of DNA required for the assay (approximately 160 pg of DNA for each SNP) and efficiency of
the process (3day$)37» ! & RS&AONROGSR Ay GKS Yyl OG dzZNB N &
GoldenGate assay comprises nine general steps: 1) activation of DNA; 2) aofdidA to
oligonucleotides followed by hybridization, 3) extension, ligation, and elgad) universal PCR
cycles, 5) binding PCR product, elution of-theeled stand, preparation for hybridization; 6)
hybridization to the Sentrix Array Matrix; 7) washing and drying of array matrix; 8)imaging of array
matrix; 9) autacalling genotypes and generating rep(iB87)

To improve thantegrity of genotyping results, several laboratory and analytic quality
control measures were implemented. First, laboratory technicians were blinded to which samples
were from cases and which were from contr(82,135) Second, samples from cases and controls,
as well as DNA controls, were included on each {B2¢135) Third, 109 samples were randomly
selected for duptiated or blinded genotypin(B2,135) Among the repeated or blinded SNPs, five
out 145,568 pairs (0.003%) were discrepgd). Only one SNP fane participant included in this
dissertation was discrepant, and only that single 8ldBdropped for that single individuglL38)

Fourth, geneticlata were checked for illogical valu@®,135) For example, inconsistencies
between selfreported and genetically determined sex were checked using an algorithm in SAS
(Cary, NG)and six samples wefeund to be inconsisten{l38) Gender discrepancies were resolved

for five of these samples, but not for one sample whicdsexcluded from analysg438) Finally,
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commonalities among samples which failed genotypingenexplored (e.g, plate location &MNA
volume and concentration) and resolved bytesting, orin circumstances where festing failed
set to missind82,135)
2.2.3Single Nucleotide PgmorphismsSelection

The majority of the 128NPdor NER genes were chosen based on two previous studies: the
MD Anderson Head and Neck Cancer Study and the Carolina Breast Cancer Study (CBCS). In addition,
a few SNPs were chosen by the CHANCE Pin@revwAOlshanTables 12 and 13 summarizethe
selection methods for each SNP.
2.2.3.1 MD Andersomiead and Neck Canc&tudy

Dr.QingyiWei and colleagues at MD Anderson Hospital in Dallas, Texas conducted a case
control study on HN(28,44,139) As part of this study, investigators considered the effects of 8 NER
genesERCC3KPB, XPCXPA, DDBKPE)ERCCXPG, ERCCAXPF, ERCCXPD), andERCC1
(28,44,139) To select tag SNPs for these genes, investigators queriddl Bi¢SEGR140)and
HapMap(129)databases using a selection criteriaddk ndip2aNg | £ £ St S FNBIdzSy Oe
1-2Kbflanking region(139) The NIEH&EGP database is based on a heterogeneous population which
includes whites, African Americans, and Asidd®) However, mce the MD Anderson study
contained over 80% Caucasians, only the CEah(residents with ancestry from northern and
westernEurope) population was ultimately consider@d®9) From this database, 67 tag SNPs were
selected to capture the variation in NER genes among w(ii&3) Using the CEU population in
HapMap, an additional 58 tag SNPs (63 including flankgfigng) were identified139) Taking into
account duplicates between the databases, 85 tag SNPs were chosen to represent the variation in
the 8 NER genes: 6 SNPs in ERCC1, 9 SNPs in XPA, 8 SNPs in XPB, 15 SNHIsSks KPXRD37
SNPs in XPF, 13 SNPS in XPG, and 14 SNPS (39D BRe majority of these SNPs were targeted

for genotyping iACHANCE as summarized in tableS@me tag SNPs chosen by Wei were not
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included in CHANCEs229881 in ERCC1; rs238405, rs1799793, rs1799788 in ERCC2; rs1047768,
rs2094258 in ERCCS5, rs3176633 in XPA, rs1124303, rs2470353, rs1126547, rs2470352 in XPC;
rs2276466 in XPF; rs3758667, rs10742797, rs11039138 in DDB2.
2.2.3.2 Carolina Breast Canceugy (CBCS)

Dr. Robert Millikan and colleagues at URRapel Hill conducted a casentrol study on
breast cancef141) As part of this study, investigators consigiéthe effects 0fL3NER genes(PC,
ERCC8, CDK7NECXPA, RAD23BRCC6, ERCC5 (XPG), XPF (ERCC4), RRDEZAXPERCG1
and LIGX142) Candidate SNPs for these genes were selected basprkwious studies and/or
potential function, such as amino acid chasg3'UTRand5'UTR(table 12) (142)
2.2.3.3 Carolina Head and Neck Cancer Epidemiology Study

In addition to SNPs identified from the MD Anderson HNC and CBCS studies, Dr. Andrew
Olshan and colleagues at UilBaye! Hill selected several additional candidate SNPs included in
CHANCE based on previous studies and/or potential functi3® Two additional SNPs were
included forERCC13 forERCCEXPG, and 4 forLIG1(table 12).
2.2.3.4 Variation Captured by CHANCE SNPs

Since a mixture of tag and candidate SNPs are included in this dissertation, the variation
within each gene captured by SNPs in CHANCE was calculated esctragge of SNPs on each
gene which were in linige disequilibrium (LD; i.e. correlated) wBINPS Y /| I b/ 9d | a0O2 YL
list of SNPs for each gene was identified using HapMap for the CEU aNondBa (n Ibadan,
Nigerig populations separatel{l29) Using Taggeén Haploview, SNPs with a MAF above 0.05 and
anPkn @y 6 SNB 02y a14R) Dbld) Bhe fEréeNikludé amdekofudle options, only SNPs
which were genotyped in CHANCE were ultimately chosen as tag SNPs. The proportion of HapMap
SNPs with a MAF abovedB.which were tagged by CHANCE SNPs are summiarizdxdie 22 by

gene and ancestral population. Variation captured by CHANCE SNPs varied by gene. The most
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complete coverage was achieved for ERCC1; 76% and 53% among the CEU and YRI populations,
respectivey. While comparable coverage was achieved for several other genes, some genes had
relatively low proportions of SNPs captured in CHANCE. Therefore, haplotype estwesgiant
considered in this dissertation.
2.2.3.5 SNP Exclusion Criteria

Of the 129 NEBNPs, variants witlveak signal intensity or indistinguishable genotype
clusters (14 SNPs) or a MAF less than 0.05 (30 SNPs among whites and 36 SNPs among African
Americans) were excluddtable 13) Nearly all excluded SNPs were candidate SNPs selexged b
on previous literature (i.e. only 5 tag SNPs were excluded for failing genotyping and only 1 tag SNP
among whites was excluded for having a MAF < 0.05). Therefore, the analysis irf8AuaN&s in 15
NER genes among whites and 79 SNPs in 14 NERageneg African American8. summary of
inclusion and exclusion critarfor each SNP is provided abte 13.
2.2.4 Assessment of Harelveinberg Equilibrium

As outlined in the US National Institutes of Health ontjtessaryHardyWeinberg
equilibrium (HVE) is based othe principle thatgenotype frequencies are expected to be constant
across generations of a population given that the population is 1) sufficiently large, 2) randomly
mating, 3) devoid of selection, migration, and mutat{dd4) If p represents the frequency of one
allele in a population and q the frequency of the other allele, as is commonly notated, then one
would expect the frequency of genotypes to be described by the followgugton: p? + 2pq + 4=
1(145,146) To assess HWE for each SNP in this dissertation, the predicted frequency of genotypes
in the controlswascalculated using thpreceding equatiorf145) The predicted frequenciegere
GKSY O2YLI NBR (G2 (GKS FNBIdzSyOe 2F 3ISy2i(elLlSa 204:-
chirsquare test(145) It is important to note that HWiwasassessed only in controls as they

represent the target populatiorFurther, assessment of HWEsconductedseparately among
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African Americans and whiteSrecuencies for 7 SNPs in white controls and 7 SNPs in African
American controls were inconsistent with Hardfeinberg equilibrium (p<0.05); however, since
genotype scatter plots showed reasonable clustering none of these SNPs were excluded from
analyseg147)
2.2.5 Genetic Model

Previous studies on the association betwgmtymorphisms ilNER genes and HNi€k and
survivalhave utilized a wéety of genetic models (tabled) (4,5,846). Although ro single model has
emerged as the standaythe general mdel appeared to be thenost frequently used andias
therefore originally considered in this dissertatiohhe general (or codominant) modensiders
three exposurecategoriedo estimate tvo ORs: the odds of HNC for heterozygmasvidualsand
the odds of HNC for individuals homozygous for the variant altaigpared to individuals
homozygous for the referent alle(@46). It wasfurther intended to assess thelditive effects of
each copy of the variardllele (146) However, a large portion of SNPs had fewer than 5 cases or
controls homozygous for the variant allele (~7% amahges and ~33% among African Americans).
Therefore, SNPs were ultimately defined using a dominant genetic model, as it was more commonly
used in the literature than the recessive model. For the dominant model, the effect of having any
copy of the varianallele was assessed. In other words, heterozygous individuals and individuals
homozygous for the variant allele were combined and compared to individuals homozygous for the
referent allele to produce a single QRI6). The referent allele for both whites and African
Americans was assigned to be the major (i.e. more frequent) allele based on controls from the
overall study population (which was concurrent with the rapecific major allele for 98% of SNPs in

whites and 92% of SNP in African Americans).
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2.3 EXPOSURE ASSESSMENVIRONENTAIANDBEHAVIORAL FACTORS
2.3.1 Cigarette Smoking

To ascertain seffeported information on cigarette smoking, the CHANCE interview
asked several questions on duration and freqoxenf use. Seffeported cigarettesmoking is
generally considered a valid and accurate measure of actual cigarette smoking. A systematic
review of studies which compared se#fported cigarette smoking with measured cotinine
levels found that the majoritpf studies reported measurements that differed by less than 10%;
specifically, the median difference between reported and measured cigarette smoking was
L4.8%for studies based ogalivaY S | & dzNB & .84foil siuBlies based oserum, blood, or
plasmameasurementsandb9.4%for studies based on urine measureme(itgd8) Questions
used in CHANCE to ascertain cigarathoking were based on questionnaires from previous
studies of HNC and other cancg8?,135) Exact questions from the CHANCE questionnaire are
provided in table 4. Ever cigarette usensere defined as smoking at least 100 cigarettes or 5
LI O1 & RdzNR y #1492 RfefuRidcy ias meddurddvirShumbercajarettessmoked per
day(149) Duration of use wamseasured in years from initiation to cessati@d9) For analysis,
frequency, and duration of cigarette smoking were categorized based on previous CHANCE
publications(57)and quantity of observations in each strata.

In addition to active cigarette smoking, information on environmental tobacco smoke
(ETS) was also ascertained during interviews. Such information included ever/never and
duration (years) of exposure in the im@ or at a workplace, separatg]¥35) For analysis,
duration of ETS exposure was categorized similar to active cigarette smoking.
2.3.2Treatment

Firstcourseli NB I G YSY i Ay F2NXI GA2Y & Hidal rdcards whitch OG SR F NS

were obtained from health care providers if patients provided informed consent at the time of the
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interview (medical records were obtained for all cases in this dissertgi#@)35) Information

included whether the patient received surgery, radiation therapy, and chemotherapy, including

types of chemotherapy drugs. Chemotherapy drugs included: carboplatin, paraplatin, cisplatin, 5 FU,

taxol, taxotere, docetaxel, paclitaéosfamide, and other. Information on concurrent treatment

and duration of treatment, including start and stop dates, was also abstracted, dretnot

considered complet€l38) Since treatment dates were nmdsequently missing due to a missing

value in the day field138) individuals having month and year recorded but no day were assigned a

RIFe 2F WYmpQ ol asSR 2y (KS (138 bNoRekek ¥eniafler thiss RLIZ Ay (i 2 7

correction was applied, a sizeable portion of individuals were still missing treatment(d8&)sin

particular, @iemotherapy end dateg.g., month anfbr year)were missing foapproximately a

guarter ofpatients treated with chemotherapfl38) Therefore, combinations of treatment were

generated from dichotomous variables for surgery, radiation, chemothereggrdless of timing.
Specificallytfreatment was categorized into six mutually exclusive levels: surgery only;

radiation only; surgery and radiation; radiation and chemotherapy; surgery, radiation, and

chemotherapy; and other (no treatment, chemotherapyly, or surgery and chemotherapy without

radiation). Surgery only was used as the referent category because few individuals received no

treatment (9 cases, 0.7%). Because even fewer individuals received chemotherapy only or

chemotherapy with surgery withut radiation (4 cases, 0.3%), these individuals were combined with

AYRAGARdZ fa NBOSAGAY3I y2 GNBFIGYSY(d Ayda2 | airy3at s

model, treatmentwas also defineds ever receiving platinumbased chemotherapy drugs

(carboplatin, paraplatin, or cisplatifN=464) versus never receiving platirdorased chemotherapy

drugs (i.e. never receiving chemotherapls754, or only receiving neplatinum based

chemotherapy drugs, includirggFU, taxol, taxotere, docetaxel, paclitg>al ifosfamide N=9).
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2.4 OUTCOME ASSESSIMIE
2.4.1 Incidence

As previously discussed, incideaseswith invasivecancers of theral cavity, pharynx, and
larynxwere identified from the North CarolindentralCancer Registilyetween January 1, 2002d
February 28, 2006singrapid identification techniqueé7,63,64) Medical records and tumor
samples for cases were reviewed by the CHANCE study patholgidistn K. Funkhouser (UNC
Chapel Hilljo verify diagnose§32,135) Controls were identified through the North Carolina
Department of Motor Vehiclesecordsand trained nurses verified with the otrols during the
interview that he/she had never been diagnosed with HB;63,64)
2.4.2 Mortality

To assess survival, CHANCE was recently linked to the Nationallg=t (NDlpased on
name, social security number, and date of birth to identify deaths through 2009, including date of
death, location of death, and cause of dealecent research indicates that linkage to the NDI with
proper information (e.g., sociakcurity number, name, and birth date) accurately identifies up to
95% of deceased individudls50) Analyses primarily consided overallsurvival(i.e. risk of dying
from any cause), but also considdrdiseag-specificsurvival(i.e. risk of dying from HNC). Disease
specific deathsvere defined as those having HNisted as the primary or secondary cause of death.
While misclassification of cause of death may occur in the NDI, it is estimated to be belowatbs fo
causes of death and belo3% for cancer related deatl($51)
2.5 COVARIATE ASSESSMENT
2.5.1 Interview Variables
2.5.1.1 Demographics

Demographics were seféported and includd: sex (male, female); aged(ttinuous

based on date of birthiandrace (white, African American, American Indian, Alaskaivé&a
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Asian/Pacific Islander); educatidegs than high school, some college, college or inore
(57,63,64) Controls were matched to cases based on age, sex, ang5a63,64) Age was
matched and analyzed within categorid@6-49,50-54,55-59, 60-64,65-69, 70-74, 75-80 years
of age)(57). Forrace only white and African American casesre consideredn this analysis
due to low frequencies of other minorities in CHANE®& analysis, educatiamas collapsed into
three levelsless than a high school education, a high school education, or a college education).
2.5.1.2Alcohol Drinking

Alcohol use was seteported andassessed separately for beer, wine, and hardaliqu

(57,64) Ever beer drinkers were defined drinking at least 50 beerstir 2 OF 4aSa RdzNAy 3 2V

[N

lifetime, ever wine drinkers as drinkingwine 20NJ Y2 NB G AYS & A yerBaydSQa f A TS
liquor drinkersasdry 1 Ay 3 KIF NR f Aljdz2 NJ Hn (,B4) feynelcy af A YS & Ay
each alcohol produatvas measured in ounces per day andation ofeach alcohol productvas
measured in yeargdm initiation to cessatiorf57,64) For consideration as a covariate in
models, total frequency of alcohol drinking frequency summed across type of alcohol (i.e. ml
ethanol per week) wassed.
2.5.1.3 Other Tobacco Use

Use of bbaccoproducts were selfeported andassesseé separately focigars, pipes,
chewing tobacco, and snuf7). Ever use for each tobacco product was defined as engagthg in
0SKI@A2NJ Hn 2NJ Y2NB (47} FreguencRafzaghyoBaced gr&diciwas A F SG A Y S
measured in number of cigars smok@ipe fullssmoked, times tobacco chewed or times snuff used
per day respective) (57). Duration of usdor each producivas measured in years from initiation to
cessationFor adjustment, a single dichotomous variable for ever using any tobacco product other

than cigarettes was assessed.
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2.5.1.4 Family History of Cancer

Information on cancer diagnoses among family members (mother, father, siblings,
children, and spouse) was sedfported by participant$135,152) This information @&s
condensed into a single variable capturing the total number offiegjree blood relatives with
a cancer diagnos{4.35,152) Given the limited number of CHANCE patrticipants with a family
membe who was diagnosed with HNCdighotomousvariable(yes/no)which enumerates any
cancer diagnoses amoffiigst degree relativesvas considered in mode({435,152)
2.5.1.50ral Health

Behaviorgelated to oral health were seteported and included oral medical conditions
(leukoplakia, erythroplakia, ulcers, and sores), dental exams, cavities and tooth loss, brushing
and flossing, and mouthwagb3). Based o a previous analysis of oral health variables in
CHANCE, which showed no association between tooth loss nor mouthwash use and HNC but
strong associations between routine dental visits and tooth mobility and HNC, frequency of
dental exams (categorized) wesnsidered as a covariate in modés).
2.52 Tumor Characteristics

Information on stagegadeand locatior2 ¥ (dzY2NE 6SNB | 6aidNF OGSR ¥
records(135,153) Stage was classified according to TNM measures where T characterizes the size of
the tumor, N the spread of the tumor, and M metastasis to other locat{@d8) These three
measures were then collapsed into a single categorized variable, wid@sincluded in models, with
4 stages: |, Il, llland 1V (note: stage O indicat@ssitu cancers andere therefore notbe included
in this study)(118) Information on grade was found to be incomplete for many cases and was
therefore not considered135,138. For primary sitetHNCwasclassified according tiCD03 codes
into five categoriesas has been done in previous studiesal cavity N=172;C02.6C02.3;C03:0

C03.1;,C03:204.1,C04&£05.0,C06406.2; C06-806.9), oropharyniN=333;C01.9; C02.4; C05.1

69



C05.2; C09409.1; C09-€10.4; C10-€10.9), hypopharynNES5;C12.9C13.2;C13:8139);
larynx (N= 443; C32032.3;C32.9and not otherwise specifiedNE224,;C02.8C02.9;C05-8
C05.9;C14.0;C14.2;C14(8Yy,64)

2.5.3Ancestral Informative Markers (AIMs)

Ancestral informative markers (AIMS) are SNPs whigiadiancestryd LIS @énatype
frequenciesi KI G It f 26 FT2NJ 6KS SaidAYI541563 yire@myeary, AYRA DA F
AIMS have become widely acceptedaamsteffectiveway tocontrol forancestry(154,155)

Several validation studies have shown the efficiency of AIMS in predicting and controlling for
admixture in logistic regressiqi54-156) For example, these studies demonstrate that
approximately 100 to 200 AIMS accurately estimate the proportion of European ancestry in
African American populatits, yet suggest that as few as 30 Abdasufficiently estimate
admixture(154-156)

Since CHANCE is comprised primarily of African Ameracahwhites, 157 AIMSafile
15) were selected to estimate the proportions of African and European ancestry of each
participant(64,157) A total of12 AIMS failed genotyping procedures and were therefore
excluded (table 8) (138) The AIMS were selected and the proportions of African and European
ancestry calculated by Dr. BlarnholtzSloan atCaséWestern Reserve Universitxging an
algorithm basedn differencesin allele frequencies betweedapMappopulationsandC A & K S NI &
information criterion (FIQ)B2,157,158)Since only two ancestral populations were considered
the proportions of European and African ancestry for each individual sum to one and analyses
need only include one or the other ancestral variables as a covariate. In this dissertation,
analysesvere adjusted for proportion African ancestry. In additi@ince selfeported race is
important when considering the distribution of socially related exposures and confounders,

population stratification (i.e. stratification by seported racewasalso employed.
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2.54 Assessment of Confounding and Effect Mese Modification

Since this dissertation includé4 different SNPs (i.e., different exposures), it would
havebeenlogistically difficult to use empirical methods, such as change in estimate approaches
or likelihood ratio test$159) to determine adjustment setbecauseone covariate may
significantly contribute to the model for one SNP but not another. Therefore, a priori covariate
selectionwasbased primarily on directed acyclic grapfigyres4-7) (160) In addition the
following covariateselection criteria were considereéirst, variables used in matching cases
and controls, namely age and s&ereincluded because failure to account for matching
variables in modis can bias resultd 59) Although selfeported race was also a matching
variable, itwas notincluded in the final model because it is highly correlated with ancestry.
Rather models were stratified by seféported race and adjusted for ancestiyecond variables
were examined for completeness. Sirecéarge proportion of cases and controls are missing
certain diet variableghese variables were not included in modé2,135,153) Third, strength
of associatios based on previous literature ave considered Sincemarijuanasmokingis weakly
associated with HNC in previous studiesas not included in modeld.10)

Because genetic exposures were based on germline DNA, which would not reflect the
influences of behavioral factors such as smoking and drinkingHBIPrisk were only adjusted
for matching factors (sex and age, including pairwise interactamd)ancestry (continuous
percent African anestry) based on the DAG (figufe Cigarette smokingiINC and EFISNC
models were adjusted for matching factors (sex and age, including pairwise interactions),
education (categorical indicatdor less than a hig school education, a high school education,
or a college educatignandfrequency of alcohol used#tegorical indicator for never drinking
alcohol and quartiles of lifetime alcohol consumptiomritiday) (figure5). ETS ORs were

additionally adjusted foduration of cigarette smoking (continuous years), as well as stratified
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by ever/never cigarette smoking. Models were not adjusted for use of other tobacco products
(cigars, pipes, chewing tobacco, and snuff), family history of cancer, and oral heathlesri
because estimates did not change substantially when these variables were included in models.
SNRcigarette smokingpint effects models were adjusted fage, sexeducation, frequency of
alcohol use, and ancestry sinceth behavioral and genetiexposures were being modeled.

For HNC survival, SNP models were agdinsted for matching factors (sex and age,
including pairwise interactions) and ancestry (continuous percent African ancestry) bates on
DAG(figure6). Behavioral factors, namely aigtte smoking and alcohol drinking, are not
believed to impact germline SNPs. SNP models were not adjusted for tumor characteristics, such
as stag, because they were determined to be causal intermediates @NP,s may impact
stage, but stage would nainpact SNPs). However, SNRC survival models stratified by stage
and tumor locatiorwere consideredAll treatment models were adgted forsex, ageX year
categorie$, race, stage (categorical stage I, Il, IIl, IV), anatomic subsite (oral cavityargroph
hypopharynx, larynx, HNC NO&Jucation [ess than a high school education, a high school
education, or a college educatipmauration of cigarette smoking (years), afidquency of
alcohol usedategorical indicator for lifetime alcohol consumptia ml/day) (figure?).

Likewise, SNReatment joint effects models were adjusted for sex, age, stage, anatomic site,
education cigarette smoking, alcohol drinkingnd ancestry

2.6 STATISTICANALYSIS

2.6.1 Aim 1: Incidence Models

Unconditional logstic regressionvasused to estimate odds ratios (OR) and 95%
confidence intervals (Cigr SNP and cigarette smoking and HNC risk. As previously described,
SNPs were defined using a dominant genetic model and cigarette smoking were considered as

ever, fequency and duration. Models of ETS exposure (ever, duration) were also considered as
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a supplemental analysigll modelswere adjusted for confounders as determined by the DAG
andother criteria agdescribed in the covariate assessment section. In addismce allele
frequencies, cigarette consumption and HNC incidence differs by race in theod&swere
stratified by selfreportedrace (white and African Americafh6,59,60,129)

Logistic regression is considered the standard for analyzingooedeol data as it allows
the estimation of risk for a binary outcome while controlling for possible confourndé®)
Traditionally conditional logistic regression is used for matched-castrol and sparse strata
data (159) However, when sample size is large compared to the number of matching strata,
such as in CHAMCunconditional logistic regression provides accuesténates(159) As
discussed previously, though, matching varialslesuld still be included as covariates in
unconditional logistic regression to avoid b{&89) Therefore, unconditional logistic regression
including matching covariates (represented as indicator variables for the-prodscts of the
matching factorsyjvasutilized in this dissertation to estimate oddslNC incidence.

Odds ratios for the joint effects of SNPs in NER genesigackttte smokingvere also
estimated using unconditional logistic regression. Interaction between SNPs in NER genes and
cigarette smokingvere assessed on the additive scale uding interaction contrast ratio (ICR), also
known as the relative excess risk due to interaction (RERI), as follows: ORQ1- OR10 + ORO0O,
where OR11 is the odds ratio among smokers with the variant genotype, OR01 is among smokers
with the referent gaotype, OR10 is among never smokers with the variant genotype, and ORO00 is
among never smokers with the referent genotype (which equala4is the referent)160,161)

An ICR of zero ichtes no interaction beyond what is expected on the additive 4d#1@,161) An
ICR above zershould beinterpreted as a superadditive (or synergistic) effect, while an ICR below
zero as dess than subadditive (or antagonistic) effét60,161) A 95% CI for the IGRs also

calculated using the Hosmer and Lemeshoethod (161) Althoughinteraction may also be
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assessed on the multiplicative scale, the additive sealeused to enhance poweas suggested by
Weinberg(162) Joint effects were primarily assessed among whites, because low cell counts
precluded precise estimation among African Americans. Estimation of joint effects among African
Americans was performed for exploratory purposes oAlyalyses for aim Were completed using
the statistical softwarg@ackageSASCary, NC)163)
2.6.2 Aim 1: Multiple Testing

Multiple testing, also referred to as multiple comparisons, is a concern when conventional
statistical significance testing methods are applied to studies which investigate multiple exposure
disease associations (e.g., exploring associations between 84 SNPs and HNC risk) because this may
amplify the number of false positive resu(ts60,164166). As described by RothmamModern
Epidemiologyin a study of 10 exposures and 10 disease outcomes (i.e. 100 associations) one would
expect 5 confidence intervals (5%) to not contéi@ null value by chance alonsing the
conventional 0.05 alpha levél60) To account for this, this dissertation empdohthe conservative
Bonferroni approach which is widely used. In addition, an innovative hierarchical approach which
incorporates dependence of associations @@relation of SNPsyasalso used. For reasons
described below, preference was given to results from hierarchical modeling.
2.6.2.1 Bonferroni Method

Bonferroni is the most commonly used method to account for multiple testing. It is
employed by dividinghe chosen alpha level, customarily 0.05, by the number of associations being
tested (160) For this dissertation, the Bonferroni corrected alpha leva$set at 0.0006 based on
the conventional 0.05 alpha leveiviled by 84 tests (i.e. one for each SNP) among whites and 79
tests among African Americans. The major advantage of the Bonferroni correction is its accessibility,

both in terms of ease and uptak&66) The major disadantages of Bonferroni is that it ignores
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correlation of tests, which occurs among SNPs, and produces overly conservative confidence
intervals for individual estimates which may fail to highlight true associa{ib®,164166)
2.6.2.2 Hierarchical Regression

Hierarchical regression incorporates multiple levels or stages of data into a single model
(164,165,167,168) For this reason, it is also commonly referred to as multilevel regression. One
level of data is often defined by individual observations, while a higher level represents natural
aggregates oclusters of observationé 64,165,167,168)In the context of genetics, SNPs on the
same gene are more likely to be inherited (e.g., lfrikage digquilibrium) and share function than
SNPs on different gené$66) Likewise, genes within the same pathway are related with regard to
function (164,165,168)Therefore models which incorporate this clustering of data within a
hierarchical structure provide more accurate and plausible estim@i@4) Since this dissertation is
concerned with only one pathay, NERhierarchical logistic regressiavasused to modethe
effects of individual SNPs whilecorporating a SNBene matrix to account for clustering of SNP
data by gene. Thmodel is described as followW$64,165,167)

Level 1:In @ 1-p0 T jih+Wp
where prepresents the probability of case status in the samp|epXKtains indicators of SNPs, and
W, represents important covariates or potential confound€t64,165)
[ SOSEZH Y it

g K S NiBprebents the coefficients for the effects of the SNPee@esents the matrix linking SNPs
gAGK GKSANI I & azeprasents SidepeRdst gréds Which gfdnormally distributed
GAGK I YSIy 2F 13882163 yR | @I NAIyOS 27

To create the SNBene matrix (i.e. Zrequired for this model, SNRee 8 8 A 3y SR | w2y S

7

thegene2y 6 KAOK GKS& | NB f 2 Ol (i §184,1655 Sincd SNRsa® @a@d F 2 NJ |

on only one gee, each SNP (i.e. each rawjly contaird2 Yy S W2y SdQ | 2SOSNE aAyC
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many{ bt &> SIF OK 3ISyS o0AdSd SI OK O2 fléfersnexampl@of O2y (I A
part of this matrixTo avoid oveparameterization by modeling one large Sthe matrix (ie

including all 84 SNPs across 15 genes) in a single model, 15 moddist each gene, were

employed to shrink estimates for SNPs on the same gene towards a common geneSifieeiSNPs

on the same gene were included in the same model, one SNPpgloofextremely correlated

SNPsvas excludeqrho>0.98; 11 SNPs in itds and 5 SNPs in African Americans).

Usindfirst level and second level (i.e. ShiEhe matrix; J data,hierarchal modeling
addresses noifindependence of tests. In additiohierarchical regression allows shrinking the error
term towards agprior through controlling its variance ) (164,165,167)In other words, using a
Bayesian approach, the posterior distribution of the error becomes the average of the prior
distribution and the maximum likelihood distributiqta67) Therefore, stronger priors fdhe
variance (i.e. smaller values 6§ will invoke a greater influence on the posterior estimatehf
error (167) In this dissertationasemi. I @ S&a Ay | LILINE | {f0.0%aks this dza SR (2 a S
corresponded with the most plausible range of expected ORs for the association between SNPs in
NER genes and HNC based on previous literaterd)(b to 1.6]165)

CigaretteSNP joint effects were modeled using three disjoint indicator variables for 1)
individuals who smoked but did not have the variant genotype, 2) individuals who did not smoke but
had the variant genotype, and 3) individuals who smoked and had the variant gen@§peAs
described in Hungt al.(165) hierarchical models included a 3x2 gesrvevironment matrixto
account for clustering of the disjoint indicator variables by single SNP aaréttégeffects (see table
17 for an exampl® Models with a larger gerenvironment matrix to account for all SNPs on the
same gene were explored, but found to be oparanS (i S NA fof0RB®wak used for joint effect

models since this corresponded to expected ORs between approximately 0.3 and 3.0 for each
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indicator variablg165) The GLIMMIX procedure in S&&ry, NOyas used forll hierarchical
models(163,164,169)

Use of hierarchical modeling is becoming more common in the epidemiologic literature.
Witte, Carmichael, and colleagues have chamed its use in exploring the effect of nutritional
exposures on neural tube defects and breast caiftéd,170) Likewise, Hung and colleagues has
published several studies using hierarchitadeling to estimate the effect of genetic exposures on
bladder cancer and lung cangdi65,168) Of particular interest, a recent paper by Huwetal. (2007)
utilized hierarchical regression wize GLIMMIX macro to estimate the effects of various DNA repair
genes (which were defined by one or two SNPs in the gene) on lung cancer incidence in a large case
control study(168) In this analysis, first level dateere based on genes and second level data on a
genepathway matrix(168) Comparing hierarchical and conventional logistic regression models,
Hunget al.(168)found 5 genes ass@ted with lung cancer using conventional logistic regression
with a single gene in each regression, 4 genes associated with lung cancer using conventional logistic
regression with all genes in a single regression, and 3 genes associated with lungisisgcer
hierarchical logistic regression (whether using empirical or €awyes, with or without a covariate
for sequence conservation of the variants) based on a 0.05 alpha levain@lsidedby Hunget alin
this study compared to the conventional modelkhe hierarchicamodelsimproved the precision of
estimates(i.e. narrower intervals), mitigated false positiveg shrinking estimatetoward a prior
mean and allowed for pathway estimatiqi68) Therefore, it idelieved that hierarchical modeling
was a valuable tool to account for multiple comparisons and more accurately estimate SNP effects
on HNC incidence in this dissertation.
2.6.3 Aim 2: Survival Models

Cox proportional hazamhodelswere used to estimatédazardratios HR) and 95%Is

for SNP and cigarette smoking and HNC risk. As previously described, SNPs were defined using a
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dominant genetic model and treatment was defined as combinations of dichotomous variables
for surgery, radiation, and chemothenrgirrespective of timing). Models of piatm-based
chemotherapy (yesio) were also consideredll modelsvere adjusted for confounders as
determined by the DAG arather criteria addescribed in the covariate assessment section. In
addition, since allel frequenciesand survival rates diffdpy race in the USnodelswere

stratified by selfreportedrace (white and African Americaf§9-61,129)

Joint effects of SNPs and treatment (combinations ofeayrgchemotherapy, and surgery)
were also estimated using Cox proportional hazard modieladdition, joint effects of SNPs and
platinumbased chemotherapy (yes/no) were assessed separate model. Like aim atgractions
were assessed on the additive scadmly calculating the RER&ing HRs instead of QR&1d
considered primarilyamong whites because low cell counts precludelthbleprecise estimation
among African Amerans

Cox proportional hazards modelingvyeebeenfrequentlyused in previous literature on
SNPs in NER genagdatment, and HNC survivahble 9) (7,47-55). Although other survival
models are available and can be useful in analyzing survival data, these parametric models often
havestringent assumptions regarding the distribution and function of the hazard(lat&,172)

As examples, consider the following accelerated failure time models: under the exponential
distribution it is assumed that the hazard rates are constant, under the Weibull distribution it is
assumed that the hazard rates smoothly increase or decrease, and under therlogl,
generalized gamma, and léggistic distributions, proportional hazards modeglioannot be
utilized(171,172) In contrast, Cox proportional hazards models are sggnametric in that no
assumptions about the distribution of the baseline hazard is requiyatit is assmed that the
hazard is expressed as a function of covariétg4,172) Further, Cox proportional models fit

non-constant hazard§l71) However, it is agimed that the hazard functions for each group
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(e.g, the hazard function for each genotype) are proportioiad1) This assumption was
checked by examiningdjustedlog negative log plots by treatmengenotype and ssessing the
significance of including anteraction term fortreatment/genotype and time in models
(171,172)Evidence ohon-proportionalhazards (i.e. log plots indicated a violation of the
proportional hazards assumption antteraction tams with time were significanp<0.05)was
noted for4 SNPs in whitgs3731068, rs744154, rs3136085, rs31361ata) 3 SNPs in African
Americangrs4150360, rs2020955, rs1318Hpwever, because-paluesfor the AFT models

were similar to those obtained from Cox models.the same set of significant SKHNC

survival associations resulted from both approaches), results from the Cox models without an
interaction term between SNPs and time are presentadsimplicity.

Absolute differences in HNC survival by genotype and treatment were also assessed via
KaplanMeier plots(171) KaplanMeier curves were constructed by graphing time on thexis and
the cumulative swival on the yaxis(171) In this dissertatin, time was measured in days and
cumulative survival was calculated as the percent of cases alive at each tim¢latiiht_og rak
tests were used to assess differences in sur{ival)

For overall survival modelglfow-up started at date of diagnosis for all cases and
ended at date of death for individuals who died or censoring on DeceB8the2009 for
individuals who were still alivé:or HNC diseasspecific survival modelsplifow-up started at
date of diagnosis for all cases and ended at date of death for individuals who died of HNC or
censoring at date of death for individuals whodlfeom other causes or December 31, 2009 for
individuals who were still alive.

For survival analyses, a Bonferroni corrected 0.0006 alpha level of significance (based on a
0.05alphadivided by 84 SNPs among whites and 79 SNPs among African Ameviasunsd to

account for multiple comparisons. The GLIMMIX procedure for hierarchical modeling is not designed
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for survival analyses on a continuous time scaldierarchal models were not considered for aim 2
(173) Analyses for aim &ere completed using the statistical software SE&ary, NC)163)
2.7POWER
2.7.1Aim 1: Incidence Models
2.7.1.1 Power Calculations

To calculate the power IBHANCE to detect associationsvbegn SNPs in NER genes and
HNC incidence, as well as the joint effects of SNPs and cigarette smoking, | used the National Cancer
Ly adaAiddzi SQa(174275)FoihésiNdldabidnsyalphavasset at0.05and the incidence
of HNC in the general population was assumed to be 0.0001 based on NCI and ACSsestimate
(1,5960). The overall sample size was52 with a caseontrol ratio of 1.08 (B25 controls to 227
cases) for reasons summarizedigures 2 and 3. For racespecific power calculations, the overall
sample sizes and casentrol ratios were 1996 and 1.16rfavhites and 556 and 0.82 for African
Americans. The prevalence of exposure (i.e. frequency of the risk genotype) was varied between
0.10 and 0.50 based on the minor allele frequencies for SNPs in NER genes as determined by
HapMap table 12) (129) The effect estimate (i.e. OR) was also varied between 1.05 and 2.00 based
on previous literature which indicated weakly to moderately elevated risks (or conversely weakly to
moderately reduced riskaith ORs between 0.50 to®6) (4,5,846). For joint effects, the
prevalence and effect estimate (i.e. OR) for cigarette smoking among the overall study population
was set at 0.62 and 2.13, respectively, based on a prdimpianalysis by Stingore al. prior to
publication(57,176) For racespecific joint effect power calculations, preliminary estimates of
prevalence and ORs for cigarette smoking wergl @nd 1.83, respectively, for whites and 0.62 and
4.00 (which is a dampened estimate of the preliminary OR of 13.5 for African Americans in

CHANCE), respectively, for African AmericgiTs176) Joint effects were considered on the
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additive scale as suggested by Weinb@d@R)and gamma (excess OR for interaction) was set at the
default value of 2.q174,175)
2.7.1.2 Power Results

Figure & displays the resulting trends in power to detect associations between SNPs
and HNC incidence. If the frequency of the risk genotype is 10%, then CHANCE achieves 80%
power to detectan OR of approximately 1.40 or higher. If the frequency of the risk genotype is
50%, then CHANCE achieves 80% power to detect an OR of approximately 1.20 or higher.
Figures 8,c display the power to detect various ORs for SNPs among whites and African
Ameiicans separately. Among whites, CHANCE achieves 80% power to detect an OR of
approximately 1.50 or higher if the frequency of the risk genotype is 10% and an OR of
approximately 1.30 or higher if the frequency is 50%. Among African Americans, the study has
80% power to detect an OR of approximately 1.65 or higher if the frequency is 50%.

Figures @ shows the power to detect joint effects of SNPs and cigarette smoking on
HNC incidence on the additive scale among the overall study population. If the fqakthe
risk genotype is 20% and the OR for the risk genotype is approximately 1.45 or higher, then
CHANCE achieves approximately 80% power to detect an excess OR for interaction of 2.0. If the
frequency of the risk genotype is 50% and OR for the rigktgpe is approximately 1.25 or
higher, then CHANCE achieves approximately 80% power to detect an excessn@Rakction
of 2.0. Figure B,c showthe power to detect joint effects on the additive scale among whites
and African Americans separately. Rdiites, CHANCE achieves 80% power when the
prevalence of the risk genotype is at minimum 0.30 and the OR for the risk genotype is at
minimum 1.75. For African Americans, CHANCE achieves only 62.4% power under the same

conditions.
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CHANCE is one of the lasf casecontrol studies to date to estimate the effects of SNPs
in NER genes, including joint effects with cigarette smokind{NC riskBased on the power
calculations and results just described, it is believed that this disserth#iesufficient pover to
achieve aim 1. Although power is lower among African Americans, CHANCE will only be the
second study to date to provide an African American specific estimate for the effects of SNPs in
NER genes on HNC incidence, and will include more African Ansetfigan the previous study.
Therefore racespecific analyses are warranted for main effect analyses. For analysis of gene
environment interactions, CHANCE has sufficient power in the overall study populations, but
guestionable powein the racestratified populations. Thereforeanalyses of joint effects
stratified by racewvere primarily considered in whites, and for exploratory purposes only in
African Americans
2.7.2 Aim 2: Survival Models
2.7.2.1 Power Calculations

To calculate the power of log ranksts to detectstatisticallysignificant differences in
HNC survival by genotype and treatment status (i.e. significant hazard ratied)akatos
normal approximation methods in SAS €Cary, NOyere used163,177)For these calculations
alpha was specified as 0.0Bhe overall sample size wh227 cases, including 922 white cases
and 305 African American cas&snce followup begins at the date of diagnosis for cases,
accrual time was set to zerSuvival estimates were based on National Cancer Institute (NCI)
Surveillance and Epidemiology and End Results (SEER) survival rates fr0QIOR8 cancers
of the oral cavity and pharynx (table r@spectively(61,62) Overall 3and 5year survival rates
were approximately 65% and 58%spectively61,62) Among whites, 3and 5year survival
rates were approximately 67% and 60%spectivelyand among African Americasand 5

year survival rates were approximatel$% and 38%respectively61,62) For diseasspecific
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survival rates, it was assumed that survival rates would be slightly higheoteaall survival
rates; 75% for 3ear 70% for &ear survival. For all analyses, loss to follggwvas assumed to
be 5% based on research indicating that Miel accuately identifies up to 95% of deceased
individuals(150) The prevalence of exposure (i.e. frequency of the risk genotype) was varied
between 0.10 and 0.50 based on the minor allele frequencies for SNPs in hdEsRage
determined byHapMap (table 2) (129) The effect estimate (i.e. HR) was also varied between
1.05 and 2.00 based on previous literature which indicated weakly to moderately elevated
hazards (or conversely weakly mnoderately reduced hazards with HRsweeen 0.50 and 0.95)
(table 10 (7,47-55). To estimate the power to detect joint effects of NER genes and treatment
on HNC, power calculations for overall survival were stratified by treatment type. Therefore, all
parameters (i.e. accrual time, siival rates, and loss to followp) remained the same, while
only sample size varied. In CHANCE, 690 cases received surgery, 945 cases received radiation,
and 473 cases received chemotherapy.
2.7.2.2 Power Results

Figure 1@ display the resulting trerslin power to detect overall HRs for SNPs and
HNC survival during various follayp periods in CHANCE. For all caG&tANCEchieves
approximately80% power to detect a HR of approximately5Lds greaterfor a risk genotype
prevalence of 0.10 and 1.25 greater for a risk genotype prevalence of 0.50 during8r and
5-year followup. For diseasspecific survival (data not showt§HANCEchieves 80% power to
detect a HR of 1.70 for a risk genotype prevalence of 0.10 and 1.35 for a risk genotype
prevaknce of 0.50 during-8ear and 5year followup. Figure1l@,ddisplay the achieved power
to detect HRs fopolymorphisms in NER genasd HNSCC survival among whites and African
Americans separately. For white cases{ANCEchieves 80% power to detect a ©HRL.70for a

risk genotype prevalence of 0.10 and 1.35 for a risk genotype prevalence of 0.50 dydag 3
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and 5year followup (only3-year shaovn). For African American cas€HANCEchieves30%
power to detect a HR of approximately 2.fod a risk gaotype prevalence of 0.10 and 1.5@r a
risk genotype prevalence of 0.50 duringg@ar and Syear followup (only3-year shown).

Figure 1 displays the power achieved in each treatment group in CHANCE. Among
cases who underwent surgery, CHANCE achi80és power to detect a HR of approximately
1.85 or greaterfor a risk genotyp@revalence of 0.10 and 154r greater for a risk genotype
prevalence of 0.50 duringyear and Syear followup. Among cases who received radiation
treatment, CHANCE achiev88% power to detect a HR of approximately5Lds greaterfor a
risk genotypeprevalence of 0.10 and 153r greater for a risk genotype prevalence of 0.50
during 3year and 5year followup. Among cases who received chemotherapy, CHANCE
achieves 80% pav to detect a HR of approximately 2.@40greaterfor a risk genotype
prevalence of 0.10 and35 or greater for a risk genotype prevalence of 0.50 duriryg&r and
5-year followup.

CHANCE is the largest study to date to estimate the effects of B8INIE&Ri genes,
including joint effects with treatment, on HNC survives. demonstrated inigure 10 this
dissertation hasdequate power to detect an association over a range of HRs among all cases,
as well as among white and African American cases sepafaien 2). Although power to
detect associations is lower among African AmeriGambsamong cases treated with
chemotherapy, it still appeasufficient. Further, this analysisthe first to estimate HRs for
SNPs in NER genes and HNC survival amongmftinericans onlfPower to detect joint
effects of NER genes and treatment stratified by race were not conducted, but are believed to
havequestionablepower. Therefore, analyseof joint effects stratified by racsere primarily

considered in whites, ahfor exploratory purposes only in African Americans.
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2.8 SUMMARY OF METHS
2.8.1 Limitations

As with any research, some analyses and interpretations propogéd disstertion
werelimited. First, it should be noted that not all genes in the NERvpaygwere includedin
this dissertation. Alhough some accessory NER genes which code for protein subunits of the
TFIIH complex were not included, namé&lyF2H1, GTF2H2, GTF2H3, GTF2H4, GTF2H5 (TTDA),
andMNAT1 (MAT1)several SNPs in all of the core NERegwere analyzed(123) Second, a
combination of candidate and tag SNPs were selected for this dissertation. Candidate SNPs
include polymorphisms which have been reported in previous studies or have presumed
functional impact. Tag SNPs were based on a previous HNCarasel study conducted at MD
Anderson which utlized only the CEU population in NNEBB and HapMap databases
(129,139,140)Therefore, the amount ofariation captured acrossome genesvas limted,
especially among African Americafm&epercentage of SNPs on each gene whiehe in LD
with SNPs in CHANCE is reported in taBlé\% a result of low coverage across some genes and
ancestral populations, haplotype estimation was not conducted im dissertation.

With regard to treatment informationinformation on yes/no receiving surgery,
radiation therapy, and chemotherapy are considered complete for this dissertation. Information
on start and stop dates fdreatments weremore frequently mising and therefore not
consideredWith regard to potential covariates, several studies have shown strong associations
between human pappilomavirus (HPAf)Jd HNC incidence and surviya8,103) However, HPV
status of cases and controls in CHANCE has not yet been assayedstinerefore not
considered as a covariate in analyses for this dissertation. Also with regard to covariates,
survival analysewere adjusted for behaviors (e.g. cigarette snmaki prior to diagnosies rather

than postdiagnsosis. Although posliagnosis behaviors among cases in CHANZ&oollected
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through a followup study, such information was often incomplgf5,153) Further,despite
our large sample size, exploration of gezrevironment interactions among African Americans
was limited. Some HNGmor site-specific estimates were also limited by sparse numbers.
Finally,l did not have access to information on tumor recurrent dise and were therefore
unable to consider diseadece or relapsetree survival.
2.8.2 Strengths

This dissertation offers several advantages to previous studies. Strengths include a large,
racially diverse populatiohased studyassessment of numerousBs acrossore NER genes;
correction for multiple comparisorend correlated exposurassingtraditional and hierarchical
approacha; andconsideration of interactions withenetic and environmental (e.dpehavioral
and treatmen) factors

This dissedtion hasthe third largest study population to datd 227 cases and,325
controlg. However, the two larger studies included esophageal cancer cases and considered
only 5 polymorphisms in ERCC1 and ERCC4 among an all Caucasian study pdduliatjon
With 305 African American cases and 251 African American controls, this dissertation
encompassea racially diverse population. No previous studies have estimeffedts of
polymorphisms ilNER gnes on HNC survival among African Americans, and only one smaller
study (N=119 African Americans) has reported effects reitfard to HNC and esophageal
cancerincidence(15). As demonstrated in the statistical powercsion, this studyhasadequate
power to detectmain effectassociations in the overall and rastatified populations.

In addition to beingne ofthe largest study, this dissertation considdi84 SNPs in 15
NER genes which, despite shortcomings to pletely tag variationywasthe most
comprehensive evaluation of NER genes and HNC incidence and survival to date, feuntlyer

knowledge this wasthe first study on NER genes and HNsdience to use both Bonferroni
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corrections ad hierarchical regressn methods to account not only for multiple testing, but
correlated exposuresviost previous studies have not corrected for multiglecorrelated
comparisons when testing associations between various polymorphisms in NER genes and HNC
outcomes Of those hat have, one studwutilizedthe Bonferronimethod (4), two studies

employed the false discovery raf@l,55) and four used an assortment of other methods,
mainly the false positive report probabili.8,23,24,30)One other study used a full Bayesian
approach to weight variables based on known function Liigher weights for variables with
stronger associations with HN(P), however, this approach does not appear to utilize a matrix
of SNPgene relationships. Thereforé,is believed thathe approachused inthis disertation

will improve the accuracy of estimates and better inform conclusions regarding the effect of
polymorphisms in NER genes, including joint effects with tobacco and treatment, on HNC
incidence and survival.

Finally, given the prior knowledge lingitobacco, ionizing radiation, and platinum
containing chemotherapies to the formation of bulky DNA adducts, estimation of interactions
between polymorphisms in NER genes and tobacco and treatment is an imperative contribution
of this dissertation. Charagtizing such genenvironment interactions clarifies the etiology of

HNC and can identify avenues for more talband effective interventions.
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Table 11. Characteristics of the Overall CHANCE Study Population and Participants with Genotype
Data Includedn Dissertation

Overall CHANCE Study Population* Dissertation Study Population**
Controls

Characterisitc Cases N % Controls N % Cases N % N %
Total 1289 1361 1227 1325
Sex

Male 984 76.3 945 69.4 938 76.4 924 69.7

Female 305 23.7 416 30.6 289 23.6 401 30.3
Race/Ethnicity

White 959 74.4 1100 80.8 922 75.1 1074 81.1

African American 330 25.6 261 19.2 305 24.9 251 18.9
Age

20-49 253 19.6 156 11.5 239 19.5 151 11.4

50-54 200 155 160 11.8 189 154 156 11.8

55-59 216 16.8 206 151 207 16.9 199 15.0

60-64 217 16.8 205 151 205 16.7 202 15.2

65-69 174 135 241 17.7 168 13.7 237 17.9

70-74 141 10.9 227 16.7 135 11.0 216 16.3

75-80 88 6.8 166 12.2 84 6.8 164 12.4
Education

High school or less 798 61.9 540 39.7 754 61.5 520 39.2

Some college 307 23.8 406 29.8 294 24.0 395 29.8

College or more 184 14.3 415 30.5 179 14.6 410 30.9

*The overall CHANCE study population represents interviewed participants (N=1389 cases and 1396 controls)w
proxy interviews (N=52 cases and 17 controls), individuals of other race (N=26 cases and 18 controls), or lip cal
cases), or gender discrepancies (N=1 case)

**The dissertation study population represents participants with successfully genotyped samples (N=1274 case
1343 controls) without individuals of other race (N=26 cases and 18 controls) or lip cancer (N=21 cases)
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Table 12. Single nucleotide polymorphisms in nucleotide excision repair genes includedirolina Head and Neck Cancer Study
(4,5,9,18,28,40,29,178-198)

Minor Allele Frequency (MAF Selection Method Variation Captured by CHANCE SNPs*
Chromosome and Major Minor
Gene SNP Position Allele Allele CEU YRI ASW Investigator (Study) Reason for Selection Articles for Candidate SNPs CEU YRI
ERCC3 (XPBys4150496 2 127,745,973 C T 0.336 0.163 0.307 Wei (MD Anderson HNC)rag X 60% (23/38) X 26% (13/49)
rs4150459 2 127,753,948 C T 0.062 0.218 0.158 Wei (MD Anderson HNC)rag X X
rs1011019 2 127,754,030 G A 0.270 0.272 0.237 Wei (MD Anderson HNC)Tag X X
rs4150434 2 127,758,570 C T 0.300 0.087 -- Wei (MD Anderson HNC)Tag X X
rs4150416 2 127,763,018 T G '0.283 '0.542 - Wei (MD Anderson HNC)rag
rs4150407 2 127,766,101 T C 0.429 0.432 0.491 Wei (MD Anderson HNC)rag X X
rs4150403 2 127,766,538 C T 0.120 0.000 0.009 Wei (MD Anderson HNC)Tag X
rs4150402 2 127,766,604 C T 0.270 0.272 0.237 Wei (MD Anderson HNCJTag X X
XPC rs2228001 3 14162450 T G 0407 0276  0.316 \,Clli'fl'ik(ﬂj(égi‘;sm HNC rag X 72%(32044) X 24% (14/58)
NEHHT d/BMT24,165238 G T 0.403 0.306 0.333 Millikan (CBCS) Joshi, 2009 X
rs3731143 3 14,172,547 A G 0.071 0.000 0.009 Wei (MD Anderson HNCJTag X
Wei (MD Anderson HNC
rs2228000 3 14,174,889 G A 0.288 0.031 0.175 Millikan (CBCS) Tag X X
Wei (MD Anderson HNC
rs3731124 3 14,176,404 T G 0.203 0.097 0.061 Millikan (CBCS) Tag X X
rs13099160 3 14,177,803 A G 0.062 0.000 - Wei (MD Anderson HNC)Tag X
rs35629274 3 14,181,357 -- - - - - Millikan (CBCS) Function, F287C
rs3731093 3 14,185,043 A G 0.080 0.065 0.061 Wei (MD Anderson HNC)Tag X X
rs3731089 3 14,185,666 G A '0.085  '0.067 - Wei (MD Anderson HNCJTag
rs2733537 3 14,186,105 A G 0.367 0.105 0.246 Wei (MD Anderson HNC)rag X X
rs3731068 3 14,188,760 G T 0.164 0.000 0.018 Wei (MD Anderson HNC)Tag X
152607755 3 14,189,037 T c 0492 0358  -- Wei (MD Anderson HNCJTag X X
rs3731062 3 14,189,528 G A 0.022 0.000 0.018 Millikan (CBCS) Function, L48F
s1902658 3 14,190,161 A G 0.417 0467 -- Wei (MD Anderson HNCJTag
rs3731055 3 14,195,443 C T 0.004 0.003 - Millikan (CBCS) Candidate Bai, 2007
ERCC8 rs4647153 5 60,205,962 A G 0.000 0.016 0.016 Millikan (CBCS) Function, 3UTR 18% (12/65) X 19% (12/61)
rs3117 5 60,206,094 A G 0.447 0.315 0.315 Millikan (CBCS) Function, 3UTR X X
rs158922 5 60,276,743 C T 0392 '0.305 -- Millikan (CBCS) Function, upstream
CDK7 1s2972388 5 68,567,009 A G 0392 0ars - Millikan (CBCS) Candidate Jeon, 2010 0%(0/13) 0%(0/14)
rs34584424 5 68,604,614 C T -- - - Millikan (CBCS) Function, T28 M
CCNH NE HHCCSEPpngs 731,030 A G 0.195 0.048 - Millikan (CBCS) Function, V270A X 55% (10/18) X 14% (4/27)
rs2266691 5 86,739,661 T C 0.000 0.095 0.088 Millikan (CBCS) Function, K138R X
s2266692 5 86,744,396 C A 0.013 0.105 0.105 Millikan (CBCS) Function, 5 UTR X X
1s1807895 5 86,744,503 A c 0008 0000 - Millikan (CBCS) Fucntional change, X
upstream

CHANCE Carolina Head and Neck Cancer Epidemiology Study; CBCS Carolina Breast Cancer Study; HNC head and neck cancer; SNP single nucleotide polymorphism; CEU Utah residents with ancestry from northern and western |
Ibadan, Nigeria; ASW African ancestry in Southwest United States

*Pecentage of total SNPs (as identified by HapMap) tagged by CHANCE SNPs (as indicated by X)
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Table 12 cont. Single oleotide polymorphisms in nucleotide excision repair genes included in the Carolina Head and Neck Cancer Study

Minor Allele Frequency (MAF Selection Method Variation Captured by CHANCE SNPs*
Chromosome and Major Minor
Gene SNP Position Allele Allele CEU YRI ASW Investigator (Study) Reason for Selection Reason for Selection CEU YRI
XPA rs3176757 9 99,476,879 G A 0.252 0.109 0.167 Wei (MD Anderson HNC)Tag X 55% (10/18) X 18% (11/59)
rs3176753 9 99,477,264 A G 0.004 0.160 0.149 Millikan (CBCS) Function, 3UTR X
rs3176750 9 99,477,610 G c 0.000 0.041 0.018 Millikan (CBCS) Function L252V X
rs3176748 9 99,478,165 T C 0.354 0.032 - Wei (MD Anderson HNC)rag X X
rs2808667 9 99,482,627 C T 0.081 0.007 - Wei (MD Anderson HNCJrag X
rs2805835 9 99,484,772 C G 0.100 0.008 - Wei (MD Anderson HNC)rag X X
rs3176689 9 99,487,617 T A 0.092 0.000 - Wei (MD Anderson HNC)rag X
rs3176683 9 99,488,438 A G 0.106 0.000 0.018 Wei (MD Anderson HNC)rag X
NEHY Ny ©c y99,492256 T C 0.423 0.325 - Wei (MD Anderson HNCJrag X X
rs3176658 9 99,493,684 G A 0.115 0.143 - Wei (MD Anderson HNC)rag X X
Abassi, 2009; An, 2007; Hall, 2007; Bau,
- . 2007; Sugimara, 2005; Han, 2010; Qian,
rs1800975 9 99,499,399 C T 0.381 0.245 0.259 Millikan (CBCS) Function, upstream 2011: Pan, 2009: Joshi, 2009: Hung, 200€ X
Wau, 2008; Lin, 2008; Wu, 2006
RAD23B rs1805330 9 109,124,082 C T 0.098 0.197 0.149 Millikan (CBCS) Funcation, splice X 10% (9/82) X 10% (11/101)
McKean, 2009; Pan, 2009; Wu, 2008; Lin,
rs1805329 9 109,124,149 C T 0.154 0.000 - Millikan (CBCS) Function, Ala249Val 2008; Change, 2008; Zhang, 2008; Meche X
2006; Hill, 2006; Wu, 2006
ERCC6 rs4253230 10 50,337,027 G A 0.000 0.099 0.035 Millikan (CBCS) Function, 114411 X 34% (34/99) X 27% (38/136)
rs2228529 10 50,337,111 T Cc 0.204 0.122 0.096 Millikan (CBCS) Function Q1413R Han, 2009 X X
rs2229761 10 50,339,465 C G 0.000 0.024 - Millikan (CBCS) Function, V1308L X
rs2228527 10 50,348,375 T Cc 0.204 0.153 0.114 Millikan (CBCS) Function Arg1213Gly Abassi, 2009; Mechanic, 2006 X
- . Rajaraman, 2008; Ma, 2009; Pan, 2009; \"
NBRHHHY [A® c580,348,723 T C 0.204 0.136 0.107 Millikan (CBCS) Function, M1097V 2008: Lin, 2008; W, 2006; Han, 2009 X
rs4253132 10 50,371,162 A G 0.133 0.329 0.316 Millikan (CBCS) Function, splice X
rs4253072 10 50,394,022 T c 0.016 0.038 0.009 Millikan (CBCS) Function, R382K X
NE nHpo Ak 750,402,145 C T 0.027 0.000 - Millikan (CBCS) Function, 5' UTR X X
rs2228528 10 50,402,286 C T 0.161 0.177 0.211 Millikan (CBCS) Function, G399D X X
DDB2 (XPE) rs2029298 11 47,191,294 T c 0.327 0.378 0.535 Wei (MD Anderson HNC)Tag 70% (17/24) 36% (12/33)
rs4647709 11 47,193935 C T 0.085 0.000 0.080 Wei (MD Anderson HNC)Tag X
rs2291120 11 47,194,256 T C 0.128 0.003 0.018 Wei (MD Anderson HNCJrag X
rs1685404 11 47,200,241 G c 0.323 0.221 - Wei (MD Anderson HNC)rag X X
rs2957873 11 47,205,870 A G 0.181 0.510 0.386 Wei (MD Anderson HNCJrag X X
rs326224 11 47,212,174 G A 0.083 0.525 - Wei (MD Anderson HNC)rag
rs2306353 11 47,213,284 C T 0.092 - - Wei (MD Anderson HNCJrag X
rs326222 11 47,216,244 C T 0.301 0.646 0.623 Wei (MD Anderson HNCJrag X
rs901746 11 47,216,895 A G 0.301 0.605 0.588 Wei (MD Anderson HNC)rag X X
NE mmcy ik 47,217,836 G A 0.372 0.054 0.158 Wei (MD Anderson HNCJrag X X

CHANCE Carolina Head and Neck Cancer Epidemiology Study; CBCS Carolina Breast Cancer Study; HNC head and neck cancer; SNP single nucleotide polymorphism; CEU Utah residents with ancestry from northern and western |
Ibadan, Nigeria; ASW African ancestry in Southwest United States

*Pecentage of total SNPs (as identified by HapMap) tagged by CHANCE SNPs (as indicated by X)
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Table 12 cont. Single nucleotide polymorphisms in nucleotide excision repair genes included in the Carolina Head andeM&thdyan
Minor Allele Frequency (MAF, Selection Method Variation Captured by CHANCE SNPs*
Chromosome and Major Minor
Gene SNP Position Allele Allele CEU YRI ASW Investigator (Study) Reason for Selection Reason for Selection CEU YRI
Wei (MD Anderson HNC

ERCCS5 (XPG)s2296147 13 102,296,376 T 0.442 0.156 0.254 Millikan (CBCS) Tag X 70% (40/57) X 31% (33/104)
1s2296148 13 102,296,546 C T 0.046  -- - Millikan (CBCS) Hussain, 2009 X
rs4771436 13 102,300,021 T G 0.214 0.249 0.158 Wei (MD Anderson HNC)rag X
rs1047768 13 102,302,518 C T 0.425 0.274 0.333 Olshan (CHANCE) Candidate Abassi, 2009; Hussain, 2009; Kiyohara, 200%
rs2020915 13 102,302,651 G A 0.000 0.323 - Millikan (CBCS) Function, splice
NE n ¢y 7 /18 0202,304,691 G A ) '0.067 - Millikan (CBCS) Function, V148I
rs4150313 13 102,311,952 A G 0.000 0.122 0.116 Millikan (CBCS) Function, Q259R
Wei (MD Anderson HNC
1s2227869 13 102,313,086 G C 0.053  0.044 0.035 Millikan (CBCS) Tag X
rs3818356 13 102,317,471 C T 0225 0142 -- Wei (MD Anderson HNC)Tag
rs4150351 13 102,320,968 A C 0.177  0.000 0.009 Wei (MD Anderson HNC)lag X
rs4150355 13 102,321,313 C T 0.345 0.139 0.196 Wei (MD Anderson HNCJrag X X
rs4150360 13 102,322,763 T C 0.478 0.789 0.254 Millikan (CBCS) Function, L968F Chang, 2006 X
rs4150383 13 102,325,231 G A 0.168 0.087 0.061 Wei (MD Anderson HNC)Tag X X
rs4150386 13 102,325,529 A C 0.123 0.000 -- Wei (MD Anderson HNC)Tag X
Wei (MD Anderson HNC
rs17655 13 102,326,003 G C 0.277 0.460 - Millikan (CBCS) Tag X X
rs873601 13 102,326,338 A G 0.308 0.714 0.357 Wei (MD Anderson HNC)Tag X X
rs4150393 13 102,326,659 A G 0.102 0.016 - Wei (MD Anderson HNC)Tag X X
rs876430 13 102,327,285 G A 0.310 0.687 0.377 Wei (MD Anderson HNC)Tag X X
rs1051677 13 216,778,493 T C 0.106 0163  '0.105 Olshan (CHANCE) Candidate
rs1051685 13 216778621, A G 0111 0364 0333 Olshan (CHANCE) Candidate Hayden, 2007; Cibeira, 2011; Wu, 2006
ERCC4 (XPFys3136038 16 13,920,880 C T 0.296 0.418 0.482 Wei (MD Anderson HNCJrag X 51% (28/54) X 34% (24/70)
rs1799798 16 13,921,779 G A 0083 0 - Wei (MD Anderson HNC)Tag
1s744154 16 13,922,582 G C 0.227 0.095 - Millikan (CBCS) Candidate Osorio, 2009; Gaudet, 2009; Milne, 2006 X X
rs3136085 16 13,927,082 G c 0.246 0297 - Wei (MD Anderson HNC)Tag
rs3136091 16 13,927,883 C G 0.000  0.075 0.044 Millikan (CBCS) Function, intron X
rs254942 16 13,933,508 A G 0.035 0.000 -- Millikan (CBCS) Function, splice X
rs3136130 16 13,934,452 G T 0.258 0.443 - Wei (MD Anderson HNC)rag X X
rs1799802 16 13,935,582 C T 0.018 0.000 0.018 Millikan (CBCS) Candidate X
Wei (MD Anderson HNC
rs1800067 16 13,936,534 G A 0.049 0.000 0.018 Millikan (CBCS) Tag X
rs3136172 16 13,940,377 A G '0.250 '0.108 - Wei (MD Anderson HNC)rag
NB MT ddylt 138,946,053 G A 0.230 0.088 0.132 Wei (MD Anderson HNC)rag X X
2020955 16 13,946,160 T C 0.000 0.272 0.196 Millikan (CBCS) Function, Ser662Pro X
rs4986933 16 13,949,533 C A 0.004  0.007 - Millikan (CBCS) Function, A863D X X
RAD23A rs2974752 19 12,917,557 A G 0.379  0.490 0.544 Millikan (CBCS) Function, upstream X 60% (3/5) X 50% (2/4)
rs11558955 19 12,920,147 A G -- - - Millikan (CBCS) Function, T131A
rs4987202 19 12,920,626 C T 0.008 0.000 -- Millikan (CBCS) Function, T200M X

CHANCE Carolina Head and Neck Cancer Epidemiology Study; CBCS Carolina Breast Cancer Study; HNC head and neck cancer; SNP single nucleotide polymorphism; CEU Utah residents with ancestry from northern and western |
Ibadan, Nigeria; ASW African ancestry in Southwest United States

*Pecentage of total SNPs (as identified by HapMap) tagged by CHANCE SNPs (as indicated by X)
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Table 12 cont. Single nucleotide polymorphisms in nucleotide excision repair genes included in the Carolina Head andeM&tkdyan
Minor Allele Frequency (MAF, Selection Method Variation Captured by CHANCE SNPs*

Chromosome and Major Minor

Z6

Gene SNP Position Allele Allele CEU YRI ASW Investigator (Study) Reason for Selection Reason for Selection CEU YRI
ERCC2 (XPD)s1318L 19 50,546,759 T G 0332 0177 0263 \,\’A\’i‘i'”fﬂj(ég‘éeg)so" HNC g X 55% (16/29) X 43% (14/32)
rs238418 19 50,547,102 C A 0339 0025 - Wei (MD Anderson HNC)Tag
rs1799787 19 50,547,984 G A 0.270 0.071 0.096 Wei (MD Anderson HNC)rag X X
rs3916874 19 50,548,766 C G 0.329 0.000 0.061 Wei (MD Anderson HNC)rag X
rs238416 19 50,548,889 C T 0.350 0.027 0.088 Wei (MD Anderson HNC)lrag X X
NE H Oy n M® 150,549,660 C T 0325 0728 - Wei (MD Anderson HNC)Tag
rs50872 19 50,554,289 G A 0305 0139  0.842 Wei (MD Anderson HNC)Tag X X
rs50871 19 50,554,355 C A 0.465 0.973  0.886 Wei (MD Anderson HNC)Tag X X
rs238407 19 50,560,318 A T 0500 0016 - Wei (MD Anderson HNC)Tag X X
rs3810366 19 50,565,782 G c 0425 0976 - Wei (MD Anderson HNC)Tag X X
ERCC1 rs735482 19 50,603,842 A c 0133 0259  0.289 Olshan (CHANCE) Candidate Jones, 2011; Cibeira, 2011; Ricceri, 2010 X  76% (10/13) X  53% (7/13)
NE T C Hp cl® 450,604,183 A G 0.133 0257  0.300 Wei (MD Anderson HNCJTag X X
rs2336219 19 50,604,246 G A 0133 0248  0.281 Wei (MD Anderson HNC)Tag X X
NE O HMH g c30,604576 C A 0232 0330 0298 Olshan (CHANCE)  Candidate Abassi, 2009; An, 2007; Sturgis, 2002, X
Sugimara, 2005; etc.
1s3212964 19 50,612,636 C T 0129 0178  0.231 Wei (MD Anderson HNC)Tag X X
rs3212955 19 50,615336 T c 0238 0294 - Wei (MD Anderson HNC)Tag X
rs3212948 19 50,616,202 G C 0.325 0.976 - Wei (MD Anderson HNC)rag X
rs3212935 19 50,618,615 T C - 0.394 0.325 Millikan (CBCS) Function, intron X
rs3212930 19 50,619,450 T c 0208 0051 - Millikan (CBCS) Candidate
LIG1 NEMoOnN oo 53312848 G c 0388 0520 - Millikan (CBCS) Function, splice Michiels, 2007 37% (27/72) 20% (20/97)
NEOTHpAMHEB314,187 G A 0117 0288 - Olshan (CHANCE) Candidate
rs3731003 19 53,323,070 G A 0.000 0027 0018 Millikan (CBCS) Function, T6141 X
rs156641 19 53,323220 C T 0381 0058 - Olshan (CHANCE) Candidate Chang,2008; Michiels, 2007 X X
rs3730080 19 53,330,834 T c 0.000 0040  -- Millikan (CBCS) Function, M480V X
rs3730033 19 53,339,009 T c 0.000 0041  0.009 Millikan (CBCS) Function, N267S X
rs20580 19 53,346,365 G T 0.487 0566  0.554 Olshan (CHANCE) Candidate Liu, 2009; Lee, 2007 X X
rs4987070 19 53,356,469 T c 0.000 0000 - Millikan (CBCS) Function, D72G
120579 19 53,360,642 G A 0119 0323 - Millikan (CBCS) Function, 5 UTR  Liu, 2009; Chang, 2008; Lee, 2007 X X
rs439132 19 53,360,726 T c 0.004 0364 - Olshan (CHANCE) Candidate Chang,2008; Lee, 2007 X

CHANCE Carolina Head and Neck Cancer Epidemiology Study; CBCS Carolina Breast Cancer Study; HNC head and neck cancer; SNP single nucleotide polymorphism; CEU Utah residents with ancestry from northern and western |

Ibadan, Nigeria; ASW African ancestry in Southwest United States
*Pecentage of total SNPs (as identified by HapMap) tagged by CHANCE SNPs (as indicated by X)
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Table 13Single Nucleotide Polymorphisms (SNPs) in Nucleotide Excision Repair (NER) Genes
Inclusion and Exclusioniteria, Carolina Head and Neck Cancer Epidemiology (CHANCE) Study

MAF < 0.05 HWE P-value < 0.0
Major | Minor . Failed . African . African
Gene SNP Allele | Allele Selection Method Genotyping Whites Americans Whites Americans
ERCC3 (XPB34150496 G A |Tag
rs4150459 G A |Tag X
rs1011019 C T |Tag
rs4150434 G A |Tag
rs4150416 T G |Tag
rs4150407 A G |Tag
rs4150403 G A |Tag X
rs4150402 G A [Tag
XPC rs2228001 A C |Literature/Function
rs3731143 T C |Tag X
rs2228000 C T |Function
rs3731124 A C |Literature/Function
rs13099160| A G |Tag X
rs35629274| A C |Literature /Function| X X
rs3731093 T C |Tag
rs3731089 G A [Tag
rs2733537 A G |Tag X
rs3731068 C A |Tag X
rs2607755 T C |Tag
rs3731062 C T [|Literature/Function X X
rs1902658 G A |Tag X
rs3731055 G A [Literature/Function X X
rs2279017 -- -- |Literature/Function X
ERCCS8 rs4647153 T C |Literature/Function X X
rs3117 T C |Literature/Function
rs58922 -- -- |Literature/Function X
CDK7 rs2972388 A G |Literature/Function X
rs34584424| C T |Literature/Function X X
CCNH 1s2266691 A G [Literature/Function X
rs2266692 G T |Literature/Function X
rs1807895 T -- |Literature/Function X X
rs2266690 -- -- |Literature/Function X
XPA rs3176757 C T |Tag
rs3176753 T C |Literature/Function X
rs3176750 C G |Literature/Function X X
rs3176748 A G |[Tag
rs2808667 C T |Tag X
rs2805835 G C |Tag X
rs3176689 A T |Tag X
rs3176683 T C |Tag X
rs3176658 C T |Tag X
rs1800975 G A [Literature/Function
rs2808668 -- -- |Tag X

MAF Minor Allele Frequency, HWE Hardy-Weinberg Equilibrium
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Table 13 contSingle Nucleotide Polymorphisms (SNPs) in Nucleotide Excision Repair (NER) Genes
Inclusion and Exclusion Criteria, Carolina Head and Neck Cancer Epidemiology (CHANCE) Study

MAF < 0.05 HWE P-value < 0.0
Major | Minor . Failed . African . African
Gene SNP Allele | Allele Selection Method Genotyping Whites Americans Whites Americans
RAD23B rs1805330 C T [|Literature/Function
rs1805329 C T [|Literature/Function X
ERCC6 rs4253230 C -- |Literature/Function X X
rs2228529 A G |Literature/Function
rs2229761 G C |Literature/Function X X
rs2228527 A G |Literature/Function
rs4253132 T C |Literature/Function X
rs4253072 A G |Literature/Function X X
rs2228528 G A [Literature/Function
rs4253047 -- -- |Literature/Function X
rs2228526 -- -- |Literature/Function X
DDB2 (XPE)rs2029298 A G |[Tag
rs4647709 C T |Tag X
rs2291120 T C |Tag X
rs1685404 G C |Tag
rs2957873 A G |Tag
15326224 G A [Tag
rs2306353 G A |Tag
1s326222 C T |Tag
rs901746 A G |[Tag
rs11988 -- -- |Tag X
ERCCS5 (XP[832296147 T C |Tag
rs2296148 C T [|Literature/Function X X
rs4771436 T G |Tag
rs1047768 C T [|Literature/Function
rs2020915 G A [Literature/Function X
rs4150313 A -- |Literature/Function X X
rs2227869 G C |Tag X X
rs3818356 C T |Tag
rs4150351 A C |Tag X
rs4150355 C T [Tag
rs4150360 T C |Literature/Function X
rs4150383 G A [Tag
rs4150386 A C |Tag X
rs17655 C G |[Tag
rs873601 A G |[Tag
rs4150393 A G |Tag X
rs876430 C T [Tag
rs1051677 T C |Literature/Function
rs1051685 A G |Literature/Function
rs4987063 -- -- |Literature/Function X

MAF Minor Allele Frequency, HWE Hardy-Weinberg Equilibrium
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Table 13 contSingle Nucleotide Polymorphisn&NPSs) in Nucleotide Excision Repair (NER) Genes
Inclusion and Exclusion Criteria, Carolina Head and Neck Cancer Epidemiology (CHANCE) Study

MAF < 0.05 HWE P-value < 0.0
Gene SNP Major | Minor Selection Method Fa”ed_ Whites Afrlgan Whites Afrlgan
Allele | Allele Genotyping Americans Americans
ERCC4 (XPF$3136038 C T |Tag X
rs1799798 G A |Tag X
rs744154 C G |Literature/Function
rs3136085 G C |Tag
rs3136091 C G |Literature/Function X
1s254942 T C |Literature/Function X X
rs3136130 G T [Tag
rs1799802 C T [|Literature/Function X X
rs1800067 G A [Literature/Function X
rs3136172 A G |Tag
rs2020955 T C |Literature/Function X X
rs4986933 C A [Literature/Function X X
rs1799800 -- -- |Tag X
RAD23A  |rs2974752 A G |Literature/Function X
rs11558955| A G |Literature/Function X
rs4987202 C T |Literature/Function X X
ERCC2 (XP[p313181 T G |Tag
rs238418 C A |Tag
rs1799787 C T |Tag
rs3916874 G C |Tag
rs238416 G A |Tag
rs50872 C T |Tag
rs50871 T G |Tag
rs238407 A T |Tag
rs3810366 C G |[Tag
rs238414 -- -- |Tag X
ERCC1 rs735482 A C |Literature/Function
rs2336219 G A |Tag
rs3212964 G A |Tag
rs3212955 A G |Tag
rs3212948 C G |[Tag
rs3212935 A G |Literature/Function X X
rs3212930 T C |Literature/Function
rs3212986 -- -- |Literature/Function X
rs762562 -- -- |Tag X
LIG1 rs3731003 C T [|Literature/Function X X
rs156641 G A [Literature/Function X
rs3730980 A G |[Literature/Function X X
rs3730933 A G |Literature/Function X X
rs20580 C A [Literature/Function
rs4987070 A -- |Literature/Function X X
rs20579 C T [|Literature/Function
rs439132 A G |Literature/Function X X X
rs13436 -- -- |Literature/Function X
rs3729512 -- -- |Literature/Function X

MAF Minor Allele Frequency, HWE Hardy-Weinberg Equilibrium
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Table 14. Questions Related to Cigarette Smoking from the CHANCE Questidd®ire

Variable

Question

Ever Cigarette Smoking

Have you smoked 100 cigarettes or 5 packs in your entire life?

Current Cigarette Smoking

Do you stilsmoke cigarettes?

Duration of Cigarette

At what age did you start smoking cigarettes?

Smoking

At What age did you stop?

For how many years did you not smoke cigarettes during this
period?

Frequency of Cigarette
Smoking

How many cigarettes did you welly smoke?...per day, week,
month, year?

Types of Cigarettes
Smoked

Did you usually smoke?...filtered, ndiftered, both filtered and
non-filtered, menthol, nommenthol, both menthol and non
menthol?

Table 15. Ancestral Informative Markers used HASICE

rs12094678 rs11264110 rs10908312* rs7161* rs6666101 rs7512316 rs4659762 rs12129648 rs798443 rs12612040 rs1508061 rs7575147*
rs3755446 rs10195705 rs1257010 rs4149436 rs17049450 rs17261772 rs1117382 rs1372115 rs12692701 rs1982235 rs7424137 rs12997060
rs10202705 rs3791896 rs11901793 rs155409* rs1303629 rs13318432 rs2660769 rs1462309 rs6414248 rs1256197 rs13080353* rs6765491
rs9849733  rs833282  rs4859147 rs6820509 rs2687427 rs9306906 rs4619931 rs12640848 rs7689609 rs10028057* rs6535244  rs385194
rs1372894  rs316598 rs13169284 rs16891982 rs10056388 rs13173738 rs10041728  rs33957 rs1917028 rs1380014 rs13178470 rs6556352
rs857440  rs2451563 rs10806263 rs6937164 rs4896780* rs10952147 rs7810554 rs7788641 rs17520733 rs10254729 rs10255169 rs344454
rs4602918 rs4143633 rs1870571 rs12676654 rs13261248 rs9297712 rs7021690 rs10124991 rs1415723 rs3861709 rs10962612* rs1885167*
rs2777804 rs1412521  rs870272  rs2488465 rs1335826 rs9416972 rs1733731 rs2184033 rs4529792  rs503677  rs9416026 rs11000419
rs1911999 rs1125217* rs7107482 rs11607932 rs7111814 rs11223503 rs2416791 rs1490728 rs10842753 rs7134682  rs328744  rs3759171
rs2596793  rs645510  rs9525462 rs9543532 rs4885162 rs9530646 rs6491743  rs1477921  rs222674  rs2246695  rs710052  rs12900552

rs1470608 rs12900262 rs4489979 rs7086

1s4923940 rs12594483 rs567357 rs735480  rs1426654* rs17269594 rs6494466 rs9806307

rs4506877  rs4350528 rs9923864 rs7187359 rs12926237 rs11150219 rs7189172 rs1862819 rs4792105 rs12945601 rs1043809  rs2593595
rs4793237  rs228768 rs11652805 rs4789070 rs897351  rs8113143 rs1991818 rs1011643 rs2426515 rs6023376 rs4811651* rs2075902

rs4823460

*SNPs which failed genotyping (i.e. weak signal intensity or in distinguishable genotype clusters)
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Table 16. Example of SigBne matrix (4 using select single nucleotide polymorphisms and genes
included in the Carolina Head and Neck Cancer Study

ERCC3| XPC ERCC8| CDK7 | CCNH | XPA RAD23B | X
rs41509496 | 1 0 0 0 0 0 0 0
Rs4150459 |1 0 0 0 0 0 0 0
X
rs2228001 | O 1 0 0 0 0 0 0
rs2279017 | O 1 0 0 0 0 0 0
X
rs4647153 |0 0 1 0 0 0 0 0
rs3117 0 0 1 0 0 0 0 0
Table T. Exampleof SNRenvironment matrix

SNP Cigarette Smoking

Never cigarette smoking, variant genotype 1 0
Ever cigarette smoking, referent genotype 0 1
Ever cigarette smoking, variant genotype 1 1

Referent: Nevecigarette smoking, referent genotype (i.e. SNP=0, Cigarette Smoking=0)
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Figure2. Flowchart of CHANCE Cases Included in Disserfatiapted fromHakenewerth
dissertation(82,135)

2135 cases
sampled 39 cases’ physicians refused
269 cases ineligible
50 cases unlocatable
77 cases deceased with no proxy
1700 cases
eligible

311 cases refused

1389 cases interviewed
(1337 self and 52 proxy)

52 cases deceased (proxy
interview)

8 cases did not provide a biologic
sample

1329 cases with biologic sample

(1217 blood and 112 buccal cell 10 cases insufficient blood
sample

6 cases insufficient buccal cell
sample

38 cases genotyping failed
1274 cases with 1 cases gender discrepancy

genotype data

26 cases self-reported ‘other’ race
21 cases of lip cancer

1227 cases included
in dissertation
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Figure3. Flowchart of CHANCE Controls Included in Dissert@aapted fromHakenewerth
dissertation(82,13%))

4049 controls

sampled 780 controls’ contact not initiated
234 controls ineligible

655 controls unlocatable

109 controls deceased with no

proxy

2271 controls
eligible

875 controls refused

1396 controls interviewed
(1379 self and 17 proxy)

17 controls deceased (proxy
interview)

3 controls did not provide a
biologic sample

1376 controls with biologic sample
(1280 blood and 96 buccal cell

5 controls insufficient blood
sample

3 controls insufficient buccal cell
sample

25 controls genotyping failed

1343 controls with
genotype data

18 controls self-reported ‘other’
race

1325 controlsincluded
in dissertation
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Figured. Direct Acyclic Graph for Nucleotide Excision Repair Genes (SNPs) and Head and Neck
Cancer Incidence
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Figure5. Direct Acyclic Graph f@igarette Smokingnd Head and Neck Cancer Incidence
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Figure6. Direct Acyclic Graph for Nucleotide Excision Repair Genes (SNPs) and Head and Neck
CancemMortality
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Figure7. Direct Acyclic Graph fdireatmentand Head and Neck Canddortality
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Figure 8 Power to detect main effects of single nucleotiddypeorphisms in nucleotide excision

repair genes on head and neck cancer incidence, CHANCE

A. Power to Detect Odds Ratios for SNPs in NER Genes and HNC in
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B. Power to Detect Odds Ratios for SNPs in NER Genes and HNC among
Whites in CHANCE (922 cases and 1974 controls)
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Figure 9 Power to detect joint effects of single nucleotide polymorphisms in nucleotide excision
repair genes and cigarette smoking on head and neck cancer incidence, CHANCE

A. Power to Detect Interaction Odds Ratios (2.0) for SNPs in NER Genes and
Cigarette Smoking and HNC on the Additive Scale in CHANCE (1227 cases and 1325

controls)
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B. Power to Detect Interaction Odds Ratios (2.0) for SNPs in NER Genes and
Cigarette Smoking and HNC on the Additive Scale Among Whites in CHANCE (922
cases and 1074 controls)
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C. Power to Detect Interaction Odds Ratios (2.0) for SNPs in NER Genes and
Cigarette Smoking and HNC on the Additive Scale Among African Americans in
CHANCE (556 cases and 251 controls)
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Figure 10Power to detect main effects of single nucleotide polymorphisms in nucleotide excision
repair genes on head and neck canmortality, CHANCE

A. Power to Detect Hazards Ratios for SNPs in NER Genes and HNC in
CHANCE during 3-year follow-up (1227 cases)
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B. Power to Detect Hazards Ratios for SNPs in NER Genes and HNC in
CHANCE during 5-year follow-up (1227 cases)
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Figure D cont. Power to detect main effects of single featide polymorphisms in nucleotide
excision repair genes on head and neck cancer mortality, CHANCE

C. Power to Detect Hazards Ratios for SNPs in NER Genes and HNC in
CHANCE during 5-year follow-up (305 African American cases)
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D. Power to Detect Hazards Ratios for SNPs in NER Genes and HNC in
CHANCE during 5-year follow-up (922 white cases)
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Figure 11 Power to detect joint effects of single nucleotide polymorphisms in nucleotide excision
repair genes and treatment on head and neck cancertatity, CHANCE

108































































































































































































































































































































































