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Abstract
Purpose—Although single nucleotide polymorphisms (SNPs) of NBS1 have been associated
with susceptibility to lung and upper aerodigestive tract (UADT) cancers, their relations to cancer
survival and measures of effect are largely unknown.

Methods—Using follow-up data from 611 lung-cancer cases and 601 UADT-cancer cases from a
population-based case-control study in Los Angeles, we prospectively evaluated associations of
tobacco smoking and 5 NBS1 SNPs with all-cause mortality. Mortality data were obtained from
the Social Security Death Index. We used Cox regression to estimate adjusted hazard ratios (HR)
for main effects and ratios of hazard ratios (RHR) derived from product terms to assess hazard-
ratio variations by each SNP. Bayesian methods were used to account for multiple comparisons.
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Results—We observed 406 (66%) deaths in lung-cancer cases and 247 (41%) deaths in UADT-
cancer cases with median survival of 1.43 and 1.72 years, respectively. Ever tobacco smoking was
positively associated with mortality for both cancers. We observed an upward dose-response
association between smoking pack-years and mortality in UADT squamous cell carcinoma. The
adjusted HR relating smoking to mortality in non-small cell lung cancer (NSCLC) was greater for
cases with the GG genotype of NBS1 rs1061302 than for cases with AA/AG genotypes (semi-
Bayes adjusted RHR = 1.97; 95% limits = 1.14, 3.41).

Conclusions—A history of tobacco smoking at cancer diagnosis was associated with mortality
among patients with lung cancer or UADT squamous cell carcinoma. The HR relating smoking to
mortality appeared to vary with the NBS1 rs1061302 genotype among NSCLC cases.

Keywords
Survival; NBS1; Lung cancer; Upper aerodigestive tract (UADT) cancers; Tobacco; Bayesian
methods

Introduction
Cancer is the second leading cause of death both worldwide and in the United States [1–3].
Although cancer diagnosis and treatment have largely improved over the past 30 years in the
U.S., the five-year survival rate of lung cancer is only 16% and has improved little over the
same period [2]. While a similar pattern of cancer survival also applies to esophageal cancer
in the U.S. (5-year survival rate of 19%) [2], cancers of other upper aerodigestive tract
(UADT) sites have shown improved treatment outcomes and survival rates in recent decades
[4, 5]. Furthermore, tobacco smoking is a well-known risk factor for lung and UADT
cancers [6] and is inversely associated with lung cancer survival [7, 8]. However, few
studies with relatively large sample sizes have examined pre-diagnostic tobacco smoking
and alcohol drinking in relation to UADT cancer survival.

The associations between genetic variations such as single nucleotide polymorphisms
(SNPs) on NBS1 and cancer susceptibility have been reported in several studies of lung [9–
11] and UADT cancers [10, 12]. In lung and UADT tumor tissues, researchers have found
elevated expression of the NBS1 product, nibrin, which plays an important role in DNA
damage repair by forming the hMRE11–hRAD50–NBS1 (MRN) nuclease complex [11–14].
The association between NBS1 SNPs and cancer susceptibility is postulated through the
functional change of the MRN nuclease complex, resulting in diminished DNA repair ability
[11]. While studies suggest that NBS1 polymorphisms may be involved in carcinogenesis at
several cancer sites [15, 16], there is limited information on their relationship to lung or
UADT cancer survival. Moreover, it is not clear whether such relationships differ across
environmental risk factors, such as tobacco smoking or alcohol drinking.

Our study aims to explore potential prognostic roles of NBS1 SNPs for lung and UADT
cancers, given their high association with cancer susceptibility. We hypothesized that five
NBS1 polymorphisms might be positively associated with overall mortality among patients
with lung or UADT cancer. These polymorphisms might also modify the associations
between tobacco smoking or alcohol drinking and mortality, leading to variation of the
hazard ratios between exposure strata. Our study population consists of cancer patients
recruited in a population-based case-control study in Los Angeles County.
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Materials and Methods
Study design and participants

A population-based case-control study of lung and UADT cancers was conducted in Los
Angeles County from 1999 to 2004 and approved by the Institutional Review Board of the
University of California at Los Angeles and the University of Southern California; all
participants provided signed informed consent. Detailed information has been described
elsewhere [10, 17, 18]. Briefly, newly diagnosed cancer patients were recruited through the
rapid ascertainment system of the USC Cancer Surveillance Program for Los Angeles
County. Participants met the following inclusion criteria: (i) a resident of Los Angeles
County at the time of diagnosis; (ii) diagnosed at age 18 to 65 years old during the study
period; (iii) spoke either English or Spanish or were accompanied by translators during
interview. Among eligible patients, the recruitment rates were 39% (611 of 1,556) for lung
and 46% (601 of 1,301) for UADT cancer patients. Cancer diagnosis was verified by
histological reports (in over 95% of patients), magnetic resonance imaging, computed
tomography scan, or other diagnostic methods. There were 611 lung cancer patients and 601
UADT cancer patients. Among the latter there were 527 patients with squamous cell
carcinoma, with the majority located at the oropharynx (n=338), larynx (n=90), nasopharynx
(n=48), and esophagus (n=34), and 74 patients with adenocarcinomas, all confined to the
esophagus.

Each participant was interviewed in-person with a standardized questionnaire. The
questionnaire included demographic factors, detailed information of tobacco smoking and
alcohol consumption (one year before diagnosis of cases), medical history, history of
occupational and environmental exposures, and family history of cancer. We calculated
smoking pack-years and alcohol drink-years which represent cumulative exposure history
[17]. Participants provided buccal cell samples for DNA extraction and SNP genotyping at
rates of 89%, 68%, 88% and 90% for lung, oro-/nasopharyngeal, laryngeal and esophageal
cancer patients, respectively. Tumor tissue specimens were available from 190 lung cancer
patients who underwent surgery.

Genotyping
SNPs on NBS1 were selected based on the following criteria: (i) genomic context suggesting
a possibility of functional change, such as SNPs located in an exon or 3′ untranslated region
(3′-UTR); (ii) SNPs previously reported with minor allele frequency of at least 5% in the
SNP database of the National Center for Biotechnology Information [19]; (iii) SNPs
associated with disease outcomes including smoking-related cancers. Five SNPs (rs709816,
rs1061302, rs1063053, rs1063054 and rs2735383) were selected and genotyped by TaqMan
and SNPlex platforms (Applied Biosystems, Foster City, CA). All five SNPs were
genotyped by the SNPlex platform and four SNPs (rs1061302, rs1063053, rs1063054 and
rs2735383) were validated by TaqMan. An average Cohen’s kappa coefficient of 0.919
suggested high agreement of genotyping results between two platforms [10]. For SNPs
assayed by both methods, we used results from TaqMan because the TaqMan assays have
higher and more reliable conversion rates compared to the SNPlex assays during low-
throughput genotyping [20]. For quality control, 5% of random samples were re-analyzed to
evaluate reproducibility with a concordance above 99%. Preliminary analysis indicated that
three SNPs (rs1063054, rs1063053 and rs2735383) were in high linkage disequilibrium
(LD) (r2 > 0.99) [10]. We selected rs1063054 for analysis to be consistent with our previous
research [10]. The NBS1 rs1063054 also had the highest call rate. Finally, three NBS1
SNPs--rs709816 (exon 10, D399D), rs1061302 (exon 13, P672P), and rs1063054 (3′UTR)--
were analyzed on survival of lung and UADT cancer patients.
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Follow-Up Survival Data
We used the Social Security Death Index (SSDI) to acquire participants’ death information.
The SSDI is generated from the public Death Master File of the U.S. Social Security
Administration and provides death records of qualified social security recipients. The SSDI
is accessible through several commercial providers; we used the Social Security Death Index
Interactive Search. A death record contains information of a decedent’s first and last name,
social security number (SSN), last benefit, birth date, death date, last residence, and state
issued. We first used the nine-digit SSN with information of name and birth date to retrieve
the participant’s record. If a record was unavailable, we used the first three or last four digits
of the participant’s SSN, birth date, and first/last name. These records were last retrieved on
October 31, 2011. We noticed a variable lag between cancer diagnosis and enrollment to the
original case-control study. The median (interquartile range, IQR) lag time in months was
3.7 (2.9–5.1) and 4.1 (3.1–5.6) for patients with lung and UADT cancer, respectively. We
defined two follow-up durations (survival times): one started from patient enrollment date,
and the other started from the date of diagnosis of cancers under study, until death date or
October 31, 2011. Since very similar results were observed using both survival time periods,
we presented results using the follow-up period starting from patient enrollment date.
Participants whose death records could not be acquired from the SSDI (205 lung cancer
patients and 354 UADT cancer patients) were treated as alive (right-censored) on October
31, 2011.

Statistical Methods
Kaplan-Meier survival analysis and log-rank tests were used for the initial survival analysis.
Time to death in days was measured from the date of patient enrollment to the date of death
reported in the SSDI. We used Cox proportional-hazards models fitted by partial likelihood
to estimate crude and adjusted hazard ratio (HR) and 95% confidence intervals (95% CI).
The proportionality assumption of each model was assessed by including product terms of
regressors and log-transformed time (measured in days), which led us to stratify on sex (P =
0.003 for product with log-transformed time).

The models included age, sex, ethnicity (non-Hispanic White, Hispanic, African American,
Asian/Pacific Islander, and others), education (less than 12, 13 to 16, and more than 16
years), tumor histologic grade, tobacco smoking (in pack-years), and alcohol consumption
(in drink-years). The tumor histologic grade was originally categorized into grade 1 (well-
differentiated) to grade 4 (undifferentiated) or grade X (undetermined grade) according to
the American Joint Committee on Cancer (AJCC) recommendations [21]. We then re-
categorized the histologic grade into high grade (grade 3 to 4), non-high grade (grade 1 to
2), and undetermined (grade X) for adjustment. The associations between variant alleles of
three SNPs and survival were examined in additive genetic models, followed by dominant
(at least one variant allele vs. wild type allele) or recessive (two variant alleles vs. at least
one wild type allele) models. We also calculated adjusted HR and 95% CI by histologic
subtypes and cancer sites. Since squamous cell carcinoma and adenocarcinomas at the
UADT sites are different diseases in terms of causes and risk factors [22–24], we presented
results for all UADT cancer patients and histological subtypes, with an emphasis on UADT
squamous cell carcinoma.

Stratified analyses were performed across “ever/never” tobacco smoking or alcohol
drinking, assuming dominant or recessive genetic models. To examine variation in the
hazard ratios, we added product terms (SNP*smoking, SNP*drinking, and
smoking*drinking) to the models and reported ratios of hazard ratios (RHR = eb, where b =
estimated coefficient for the product term).
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To address multiple-comparison issues, we computed the Bayesian false-discovery
probability (BFDP) for main-effect associations and stratified analyses [25], and used semi-
Bayes adjustment for product-term coefficients [26–28]. The BFDP is based on the false-
positive report probability [29] and provides the probability of a false discovery given the
estimated association, prior probability for alternative hypothesis, and a priori ratio of costs
between a false non-discovery to a false discovery. We set the ratio of costs (threshold for
noteworthiness) to 0.75 as suggested in the original papers [25, 29]. It is also a commonly
accepted threshold for cancer molecular epidemiology studies with medium sample size
[30–32]. We calculated BFDP in two scenarios where prior probabilities for a non-null
association were 0.20 and 0.10, respectively, with prior variance 0.05.

In semi-Bayes adjustment for product-term coefficients [26–28], we assigned independent
normal priors with mean zero, variance 0.5 (95% prior limits of ¼ and 4 after
exponentiation) to three continuous product terms of SNP*smoking pack-years,
SNP*alcohol drink-years, and smoking pack-years*alcohol drink-years. The pack-years and
drink-years were rescaled to units of 40 pack-years and 80 drink-years, respectively [26, 33].
The same priors were also used for three product terms of SNP*smoking, SNP*drinking,
and smoking*drinking with smoking and drinking coded as binary “ever/never” variables.
Posterior estimates were calculated using data augmentation [26, 34]. Analyses were
performed by the SAS version 9.1 (SAS Institute, Cary, NC) and Stata/IC 10.1 (Stata
Corporation, College Station, Texas).

Results
Tables 1(a) and 1(b) show the baseline characteristics of lung and UADT cancer patients,
respectively. During follow-up, 406 (66%) deaths among lung cancer patients and 247
(41%) deaths among UADT cancer patients were identified. The median follow-up was 26.3
(IQR: 9.5–118.5) and 102.2 (22.6–121.7) months for lung and UADT cancer patients.
Shown in Table 1(a), female lung cancer patients had a longer median follow-up than male
(41.3 [12.0–123.1] vs. 18.5 [7.0–113.8] months) with an adjusted HR of 0.73 (95% CI:
0.59–0.91). There was no consistent relation of ethnicity to survival among lung-cancer
patients, although Hispanic patients with small cell lung cancer had worse survival than
Whites (adjusted HR = 2.55 [1.04–6.27], Supplementary Table S1). Lung cancer patients
with high (36%) or undetermined (36%) grade tumors showed increased hazards of death
consistently across all histologic subtypes compared to those with low grade tumors. Among
lung cancer patients, 82% were ever smokers and 33% smoked more than 40 pack-years.
Tobacco smoking was positively associated with mortality among lung-cancer patients. The
Kaplan-Meier plot in Fig. 1(a) shows that both survival curves for lung cancer patients who
had ever smoked differed from that of never smokers since the second year of follow-up (P
= 0.11 and 0.002).

Table 1(b) shows that among UADT cancer patients, 74 patients (12%) had adenocarcinoma
of the esophagus with a median follow-up of 41.9 (IQR: 12.4–112.7) months. Among 527
squamous cell carcinoma patients, the median follow-up was 103.5 (IQR: 26.0–122.4)
months. Tobacco smoking was strongly related to the overall mortality in UADT squamous
cell carcinoma with a clear upward dose-response pattern. We did not observe such
association in esophageal adenocarcinoma. A monotonic trend was observed between
smoking pack-years and overall survival of squamous cell carcinoma at the UADT sites
(Table 1(b), P-value for trend < 0.001). The Kaplan-Meier plot in Fig. 1(b) showed three
clearly separate survival curves: UADT squamous cell carcinoma patients who smoked at
least 40 pack-years prior to diagnosis had the lowest survival, followed by patients who
smoked less than 40 pack-years. As shown in Supplementary Table S2, squamous cell
carcinoma patients had higher risk of all-cause mortality in current (adjusted HR = 2.50
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[95% CI: 1.42–4.39]) and possibly in former smokers (adjusted HR = 1.37 [0.88–2.13]),
compared with never smokers. Little or no association was observed between age, sex,
education, or alcohol consumption and survival. However, African Americans with
squamous cell carcinoma experienced a lower survival than did non-Hispanic whites
(adjusted HR = 1.73 [1.17–2.54]).

Fig. 2(a) shows associations between NBS1 SNPs and all-cause mortality. Large cell lung
carcinoma patients who carry variant C allele of NBS1 rs709816 showed shorter survival
(adjusted HR = 1.63 [1.04–2.55]). Small cell lung carcinoma patients with variant G allele
of NBS1 rs1061302 showed higher death hazards (adjusted HR = 1.96 [1.22–3.15]).
Supplementary Table S3(a) provides the Bayesian false-discovery probability. Given a prior
probability of 0.20, both associations described had BFDP < 0.75, indicating noteworthy
observations.

Fig. 2(b), 2(c), and Supplementary Table S4 give results of stratified analysis on tobacco
smoking and alcohol drinking. Among lung cancer patients who ever smoked, carrying a
GG genotype of NBS1 rs1061302 was associated with lower survival in non-small cell lung
cancer (NSCLC, adjusted HR = 1.41 [0.97–2.04]), squamous cell carcinoma (adjusted HR =
2.51 [1.00–6.26]), and small cell carcinoma (adjusted HR = 2.54 [1.00–6.44]). Among non-
drinking patients with UADT squamous cell carcinoma, we observed inverse associations
between NBS1 rs1063054 genotype and overall death (AC/CC vs. AA, adjusted HR = 0.32
[0.13–0.79]). As shown in Supplementary Table S3(b), the BFDP values for these analyses
indicated noteworthy findings except possibly for small cell lung carcinoma (BFDP = 0.76)
and squamous cell lung carcinoma (BFDP = 0.75).

We explored variations of the hazard ratios relating tobacco smoking to survival among
NSCLC patients by NBS1 rs1061302, and relating alcohol drinking to survival among
patients with UADT squamous cell carcinoma by NBS1 rs1063054. Results are shown in
Table 2. Compared to NSCLC patients who never smoked and carry AA or AG genotype of
NBS1 rs1061302, never smokers who carry GG genotype appeared to have had improved
overall survival (adjusted HR = 0.47 [0.21–1.08]) while ever-smokers who carry AA or AG
genotype had similar survival (adjusted HR = 1.07 [0.74–1.57]). The adjusted ratio of hazard
ratios (RHR) relating smoking and mortality among NSCLC patients across NBS1
rs1061302 genotypes was 3.00 (1.22–7.38). In patients with squamous cell carcinoma at the
UADT sites, hazard ratios relating alcohol drinking and survival differed across strata of
NBS1 rs1063054 (adjusted RHR = 2.90 [1.14–7.33]). Both hazard-ratio variations were
noteworthy only under the setting of prior probability 0.20 for non-null association in the
BFDP adjustment.

The Kaplan-Meier plots for survival, stratified by SNP genotypes and smoking (NSCLC) or
drinking (UADT squamous cell carcinoma), are shown in Fig. 3(a) and 3(b). Among
NSCLC patients who ever smoked, the NBS1 rs1061302 GG carriers had lower survival
than AA/AG carriers (P = 0.048). For non-smokers, two NSCLC survival curves across
NBS1 rs1061302 genotypes were not separate (P = 0.18, data not shown). Among NSCLC
patients with GG genotype of NBS1 rs1061302, smokers had lower survival than non-
smokers (P = 0.011). For UADT squamous cell carcinoma patients who never drank, we
observed differences in survival curves across NBS1 1063054 genotypes (P = 0.001) and
between drinkers and non-drinkers with AC or CC genotype of NBS1 rs1063054 (P =
0.031).

Table 3 shows the semi-Bayes results. Among NSCLC patients, the exponentiated estimate
of the continuous rs1061302*smoking coefficient was 1.90 (95% posterior limits: 1.11,
3.26). The model contained two additional continuous products of rs1061302*drink-year

Yang et al. Page 6

Cancer Causes Control. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and pack-year*drink-year for confounding control. Smoking pack-year and alcohol drink-
year were rescaled to 40 pack-years and 80 drink-years, centered at their mean values. The
binary rs1061302*smoking product had an exponentiated estimate of 2.26 (95% posterior
limits: 1.06, 4.81) after semi-Bayes adjustment.

Discussion
Associations between three NBS1 SNPs and all-cause mortality among lung and UADT
cancer patients were examined in this study. Tobacco smoking (either pack-years or current/
former smokers) was found to be associated with all-cause mortality for patients with UADT
squamous cell carcinoma. Although our study did not observe clear associations between
NBS1 polymorphisms and survival in lung or UADT cancer patients, stratified analyses by
cancer subtypes and cancer risk factors suggested (1) Borderline yet consistent associations
between NBS1 rs1061302 GG genotype and lower survival among smokers with NSCLC,
squamous cell lung carcinoma, or small cell lung carcinoma; (2) Improved survival among
non-drinking UADT squamous cell carcinoma patients who carry the AC or CC genotype of
NBS1 rs1063054. We applied two Bayesian approaches to account for multiple comparisons.
After semi-Bayes shrinkage, it still appeared that NBS1 rs1061302 may modify hazard-ratio
relating tobacco smoking to survival among NSCLC patients.

Tobacco smoking is known to have immunosuppressive effects on local tissues via
induction of pro-inflammatory cytokines and chemokines and suppression of antigen
recognition and response [35, 36]. The immunosuppression results in increased
susceptibility to infections targeting the lungs, a common cause of death among lung cancer
patients [37]. Thus, as expected, we observed an association between tobacco smoking and
shorter survival among lung cancer patients [7, 38]. We also noticed higher risk of overall
mortality in patients with squamous cell carcinoma at the UADT sites who were current
(adjusted HR = 2.50 [1.42–4.39]), and possibly former smokers (adjusted HR = 1.37 [0.88–
2.13]), than never smokers. Several studies have observed that head and neck cancer patients
who were non-smokers or who had quit smoking before cancer diagnosis, had improved
disease prognosis and survival [39–42]. Additionally, we observed a positive monotonic
association between smoking pack-years prior to cancer diagnosis and all-cause mortality in
UADT squamous cell carcinoma; heavy smokers who smoked more than 40 pack-years had
the lowest survival. Both Kaplan-Meier survival curves (Fig. 1(b)) and multivariable
proportional-hazards models (Table 1(b)) conformed to a simple dose-response relationship.

The NBS1 gene codes 754 amino acids (a.a.) and is involved in DNA double-strand break
(DSB) repair [43]. Its gene-product, nibrin, has three known functional regions: N-terminus
(a.a. position 1–196), central region (a.a. position 278–343) and C-terminus (a.a. position
665–693) [43]. The C-terminus is the binding site for the MRN complex, which participates
in DSB repair and activates a damage checkpoint kinase ATM [44–46]. The NBS1 gene has
more than 600 polymorphisms [11]. Associations between NBS1 polymorphisms with
cancer susceptibility have been widely studied, in particular NBS1 rs1805794 (E184Q) -- a
3′-UTR polymorphism in a complete LD (r2 = 1) with rs1061302 (exon 13, P672P) in our
study. The susceptibility of lung [9–11], head and neck [10, 12], prostate [47], breast [48–
50], bladder [10, 51, 52], leukemia [53], and liver cancers [10, 54] has been shown to be
associated with NBS1 rs1805794 or rs1061302. Our study further elucidates the relationship
between NBS1 SNPs and mortality. One recent pilot study reported an improved
progression-free survival with minor C allele of NBS1 rs1805794 (SNP in a complete LD
with NBS1 rs1061302 in our study) among 147 Chinese patients with inoperable NSCLC
who received platinum-based chemotherapy [55]. Our study suggests an increased hazard of
overall death among NSCLC patients carrying the minor G allele of rs1061302. Results
from these two studies however require cautious interpretation since two study groups have
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distinct inclusion/exclusion criteria and ethnic groups. While the pilot study focused
specifically on Chinese patients with inoperable NSCLC, our study population consisted of
several ethnic groups with unreported cancer stage.

Several studies also reported associations between NBS1 overexpression and head and neck
cancer progression, including larger lymph node involvement, more advanced cancer stage,
higher metastasis rate, and poorer cancer prognosis [12–14, 56]. Our findings, along with
these emerging clinical observations, further raise awareness of a potential prognostic role
for NBS1 polymorphisms in cancer progression and outcome. Since the NBS1 rs1061302 is
located at the binding domain of MRN complex, it might hinder MRN binding ability and
DSB repair function and thus be related to carcinogenesis and cancer progression [10].
Functional studies are needed to explore associations between NBS1 SNPs and NBS1 protein
expression.

We observed variation in hazard-ratio relating tobacco smoking to mortality among NSCLC
patients across NBS1 rs1061302 genotypes, shown in Table 3 and Fig. 3(a). The Kaplan-
Meier plot in Fig. 3(a) indicates the variation – survival curves by smoking status highly
overlapped in NSCLC patients with AA/AG genotype (curve (1) and (2)) and were separate
among patients with GG genotype (curve (3) vs. (4), P = 0.011). Similarly, the proportional-
hazards model also suggested hazard-ratio variation: the adjusted HR relating NBS1
rs1061302 GG genotype to all-cause mortality in NSCLC patients was 1.41 (0.97–2.04)
among smokers and 0.55 (0.22–1.39) among non-smokers. Unfortunately, the latter was
imprecise. These findings need further replication. The hazard-ratio variation was still clear
(semi-Bayes adjusted RHR = 1.90; 95% limits = 1.11, 3.26, Table 3) after semi-Bayes
shrinkage with independent normal priors (mean 0, variance 0.5) for three product terms.
The prior assumes that our bets for the SNP*smoking RHR were centered on the null and
includes a 16-fold range (adjusted RHR were ¼ to 4) with 95 percent certainty [26, 57].
After shrinkage and adjustment for two potential confounders of SNP*drinking and
smoking*drinking, we were more confident that there exists variation in the adjusted HR
relating smoking to mortality among NSCLC patients by the NBS1 rs1061302. Even when
we assigned strong, conservative product-term coefficient priors with mean zero, variance
0.125 (95% prior limits: 0.5, 2.0 after exponentiation), the hazard-ratio variation remained
apparent (semi-Bayes adjusted RHR: 1.55; 95% limits: 0.99, 2.44; data not shown).

Consistent with previous studies [7, 8, 58], we found higher survival among never and
former smokers than current smokers who developed lung cancer. Additionally, it appeared
that smoking NSCLC patients with NBS1 rs1061302 GG genotype showed the highest
hazard of mortality, compared to non-smoking patients with AA/AG genotype. These
findings underscore the importance of reducing smoking for improved cancer prognosis,
especially for high risk groups with genetic variants such as NBS1 rs1061302 GG genotype
carriers.

Among study limitations, cancer stage and treatment information were unavailable. These
two factors influence cancer outcomes and survival and might confound associations
between SNP and survival through the selection process. We included tumor histologic
grade in analyses to improve accuracy because Sun et al (2006) reported that tumor grade
was associated with NSCLC mortality, controlling for clinical stage and treatment [59]. We
also conducted sensitivity analyses, assuming that 190 (31%) patients who provided lung
tumor tissue had early-stage lung cancer and the other 421 patients without tissue specimens
had late-stage lung cancer. Using the availability of tissue specimen as a proxy for stage,
sensitivity analyses yielded similar associations.

Yang et al. Page 8

Cancer Causes Control. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Lag time between death date and event reporting date to the SSDI presented an additional
challenge to our analysis. Patients who died during study follow-up may not have been
reported to the SSDI. This measurement error would likely be non-differential between
comparison groups and either had limited influence on observed associations or biased the
associations toward the null. For the purpose of another study, we updated death records in
our dataset from the SSDI to July 15, 2012. We identified one more death record for a
UADT patient and re-ran the analyses. Results from the updated dataset were very similar to
those from the original analyses. For example, adjusted HR relating NBS1 rs1063054 to
survival among UADT cancer patients changed from 0.75 (0.56–1.00) to 0.76 (0.56–1.02).
Among non-drinking patients with UADT squamous cell carcinoma, the adjusted HR only
changed slightly from 0.32 (95% CI: 0.13–0.79) to 0.31 (95% CI: 0.12–0.76).

Selection bias may also be an issue due to non-participation of eligible cancer cases. We
captured patients capable of participating in an interview, which might have included an
excess proportion of patients with an early cancer stage. Some eligible patients did not
participate in our study due to death before interview, incorrect contact information, being
too sick to be interviewed, and refusal [17]. Among UADT cancer patients, the collection
rate of buccal cells was relatively low (68%) in oro-/nasopharyngeal cancer patients [10].
This may also have contributed to selection bias. The direction of biased associations,
however, is difficult to determine as the distribution of NBS1 polymorphisms and risk
factors for mortality is unknown among non-participants. The extent of bias would be
limited for UADT cancer patients since less than 15% of eligible patients were excluded due
to death or sickness before enrollment [17].

In summary, we observed an upward dose-response association between smoking pack-
years and mortality of patients with UADT squamous cell carcinoma and associations
between tobacco smoking and mortality in lung cancer patients. Our study further suggested
several associations between NBS1 polymorphisms and all-cause mortality in smoking lung
cancer patients and non-drinking patients with squamous cell carcinoma at the UADT sites.
Our results indicated that NBS1 rs1061302 may modify the hazard-ratio relating tobacco
smoking (both ever/never status and pack-years) to mortality of NSCLC patients. These
findings underscore the importance of smoking cessation for improving survival of cancer
patients. Further studies are needed to explore NBS1 polymorphisms associations with NBS1
protein expression, as well as with cancer outcomes, among better-defined subgroups.
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Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
The authors thank all of the Los Angeles Study participants for their time and effort in supporting this study.

Grant Support

This research was supported by the National Institutes of Health [grant numbers ES06718, ES01167, CA90833,
CA077954, CA09142, CA96134, DA11386]; and the Alper Research Center for Environmental Genomics of the
UCLA Jonsson Comprehensive Cancer Center.

References
1. Ferlay J, Shin HR, Bray F, et al. Estimates of worldwide burden of cancer in 2008: GLOBOCAN

2008. Int J Cancer. 2010; 127:2893–2917. [PubMed: 21351269]

2. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA Cancer J Clin. 2012; 62:10–29.
[PubMed: 22237781]

Yang et al. Page 9

Cancer Causes Control. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3. Hoyert DL, Xu J. National vital statistics reports. Deaths: Preliminary data for 2011. Division of
Vital Statistics. CDC/National Center for Health Statistics. 2012; 61:6.

4. Gupta S, Kong W, Peng Y, Miao Q, Mackillop WJ. Temporal trends in the incidence and survival of
cancers of the upper aerodigestive tract in Ontario and the United States. Int J Cancer. 2009;
125:2159–2165. [PubMed: 19569190]

5. Pulte D, Brenner H. Changes in survival in head and neck cancers in the late 20th and early 21st
century: a period analysis. Oncologist. 2005; 15:994–1001. [PubMed: 20798198]

6. Sasco AJ, Secretan MB, Straif K. Tobacco smoking and cancer: a brief review of recent
epidemiological evidence. Lung Cancer. 2004; 45(Suppl 2):S3–9. [PubMed: 15552776]

7. Tammemagi CM, Neslund-Dudas C, Simoff M, Kvale P. Smoking and lung cancer survival: the role
of comorbidity and treatment. Chest. 2004; 125:27–37. [PubMed: 14718417]

8. Nordquist LT, Simon GR, Cantor A, Alberts WM, Bepler G. Improved survival in never-smokers vs
current smokers with primary adenocarcinoma of the lung. Chest. 2004; 126:347–351. [PubMed:
15302716]

9. Ryk C, Kumar R, Thirumaran RK, Hou SM. Polymorphisms in the DNA repair genes XRCC1,
APEX1, XRCC3 and NBS1, and the risk for lung cancer in never- and ever-smokers. Lung Cancer.
2006; 54:285–292. [PubMed: 17034901]

10. Park SL, Bastani D, Goldstein BY, et al. Associations between NBS1 polymorphisms, haplotypes
and smoking-related cancers. Carcinogenesis. 2010; 31:1264–1271. [PubMed: 20478923]

11. Yang L, Li Y, Cheng M, et al. A functional polymorphism at microRNA-629-binding site in the 3′-
untranslated region of NBS1 gene confers an increased risk of lung cancer in Southern and Eastern
Chinese population. Carcinogenesis. 2012; 33:338–347. [PubMed: 22114071]

12. Zheng J, Zhang C, Jiang L, et al. Functional NBS1 polymorphism is associated with occurrence
and advanced disease status of nasopharyngeal carcinoma. Mol Carcinog. 2011; 50:689–696.
[PubMed: 21656575]

13. Yang MH, Chang SY, Chiou SH, et al. Overexpression of NBS1 induces epithelial-mesenchymal
transition and co-expression of NBS1 and Snail predicts metastasis of head and neck cancer.
Oncogene. 2007; 26:1459–1467. [PubMed: 16936774]

14. Yang MH, Chiang WC, Chou TY, et al. Increased NBS1 expression is a marker of aggressive head
and neck cancer and overexpression of NBS1 contributes to transformation. Clin Cancer Res.
2006; 12:507–515. [PubMed: 16428493]

15. Ricceri F, Matullo G, Vineis P. Is there evidence of involvement of DNA repair polymorphisms in
human cancer? Mutat Res. 2012; 736:117–121. [PubMed: 21864546]

16. Lu M, Lu J, Yang X, et al. Association between the NBS1 E185Q polymorphism and cancer risk: a
meta-analysis. BMC Cancer. 2009; 9:124. [PubMed: 19393077]

17. Cui Y, Morgenstern H, Greenland S, et al. Polymorphism of Xeroderma Pigmentosum group G
and the risk of lung cancer and squamous cell carcinomas of the oropharynx, larynx and
esophagus. Int J Cancer. 2006; 118:714–720. [PubMed: 16094634]

18. Hashibe M, Morgenstern H, Cui Y, et al. Marijuana Use and the Risk of Lung and Upper
Aerodigestive Tract Cancers: Results of a Population-Based Case-Control Study. Cancer
Epidemiol Biomarkers Prev. 2006; 15:1829–1834. [PubMed: 17035389]

19. Sherry ST, Ward MH, Kholodov M, et al. dbSNP: the NCBI database of genetic variation. Nucleic
Acids Res. 2001; 29:308–311. [PubMed: 11125122]

20. De la Vega FM, Lazaruk KD, Rhodes MD, Wenz MH. Assessment of two flexible and compatible
SNP genotyping platforms: TaqMan SNP Genotyping Assays and the SNPlex Genotyping System.
Mutat Res. 2005; 573:111–135. [PubMed: 15829242]

21. Greene, FL.; Page, DL.; Fleming, ID., et al., editors. AJCC cancer staging manual. 6. Springer;
New York: 2002.

22. Vaughan TL, Davis S, Kristal A, Thomas DB. Obesity, alcohol, and tobacco as risk factors for
cancers of the esophagus and gastric cardia: adenocarcinoma versus squamous cell carcinoma.
Cancer Epidemiology Biomarkers & Prevention. 1995; 4:85–92.

23. Ye W, Held M, Lagergren J, et al. Helicobacter pylori Infection and Gastric Atrophy: Risk of
Adenocarcinoma and Squamous-Cell Carcinoma of the Esophagus and Adenocarcinoma of the
Gastric Cardia. Journal of the National Cancer Institute. 2004; 96:388–396. [PubMed: 14996860]

Yang et al. Page 10

Cancer Causes Control. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



24. Lagergren J, Bergstrom R, Lindgren A, Nyren O. Symptomatic Gastroesophageal Reflux as a Risk
Factor for Esophageal Adenocarcinoma. New England Journal of Medicine. 1999; 340:825–831.
[PubMed: 10080844]

25. Wakefield J. A Bayesian measure of the probability of false discovery in genetic epidemiology
studies. Am J Hum Genet. 2007; 81:208–227. [PubMed: 17668372]

26. Greenland S. Bayesian perspectives for epidemiological research. II. Regression analysis. Int J
Epidemiol. 2007; 36:195–202. [PubMed: 17329317]

27. Greenland S, Poole C. Empirical-Bayes and semi-Bayes approaches to occupational and
environmental hazard surveillance. Arch Environ Health. 1994; 49:9–16. [PubMed: 8117153]

28. Greenland S. A semi-Bayes approach to the analysis of correlated multiple associations, with an
application to an occupational cancer-mortality study. Stat Med. 1992; 11:219–230. [PubMed:
1579760]

29. Wacholder S, Chanock S, Garcia-Closas M, El Ghormli L, Rothman N. Assessing the probability
that a positive report is false: an approach for molecular epidemiology studies. J Natl Cancer Inst.
2004; 96:434–442. [PubMed: 15026468]

30. Oh SS, Chang SC, Cai L, et al. Single nucleotide polymorphisms of 8 inflammation-related genes
and their associations with smoking-related cancers. Int J Cancer. 2010; 127:2169–2182.
[PubMed: 20112337]

31. Liu Y, Shete S, Etzel CJ, et al. Polymorphisms of LIG4, BTBD2, HMGA2, and RTEL1 genes
involved in the double-strand break repair pathway predict glioblastoma survival. J Clin Oncol.
2010; 28:2467–2474. [PubMed: 20368557]

32. Landvik NE, Hart K, Skaug V, et al. A specific interleukin-1B haplotype correlates with high
levels of IL1B mRNA in the lung and increased risk of non-small cell lung cancer.
Carcinogenesis. 2009; 30:1186–1192. [PubMed: 19461122]

33. Greenland, S. Introduction to regression models. In: Rothman, KJ.; Greenland, S.; Lash, TL.,
editors. Modern Epidemiology. 3. Lippincott-Williams-Wilkins; Philadelphia: 2008. p. 405

34. Greenland S, Christensen R. Data augmentation priors for Bayesian and semi-Bayes analyses of
conditional-logistic and proportional-hazards regression. Stat Med. 2001; 20:2421–2428.
[PubMed: 11512132]

35. Arnson Y, Shoenfeld Y, Amital H. Effects of tobacco smoke on immunity, inflammation and
autoimmunity. J Autoimmun. 2010; 34:J258–265. [PubMed: 20042314]

36. Feldman C, Anderson R. Cigarette smoking and mechanisms of susceptibility to infections of the
respiratory tract and other organ systems. J Infect. 2013; 67:169–184. [PubMed: 23707875]

37. Nichols L, Saunders R, Knollmann FD. Causes of death of patients with lung cancer. Arch Pathol
Lab Med. 2012; 136:1552–1557. [PubMed: 23194048]

38. Johnston-Early A, Cohen MH, Minna JD, et al. Smoking abstinence and small cell lung cancer
survival. An association. JAMA. 1980; 244:2175–2179. [PubMed: 6252357]

39. Browman GP, Wong G, Hodson I, et al. Influence of Cigarette Smoking on the Efficacy of
Radiation Therapy in Head and Neck Cancer. N Engl J Med. 1993; 328:159–163. [PubMed:
8417381]

40. Browman GP, Mohide EA, Willan A, et al. Association between smoking during radiotherapy and
prognosis in head and neck cancer: A follow-up study. Head Neck. 2002; 24:1031–1037.
[PubMed: 12454940]

41. Pytynia KB, Grant JR, Etzel CJ, et al. Matched-Pair Analysis of Survival of Never Smokers and
Ever Smokers With Squamous Cell Carcinoma of the Head and Neck. J Clin Oncol. 2004;
22:3981–3988. [PubMed: 15459221]

42. Oliveira LR, Ribeiro-Silva A, Costa JP, et al. Prognostic factors and survival analysis in a sample
of oral squamous cell carcinoma patients. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2008; 106:685–695. [PubMed: 18760943]

43. Kobayashi J, Antoccia A, Tauchi H, Matsuura S, Komatsu K. NBS1 and its functional role in the
DNA damage response. DNA Repair (Amst). 2004; 3:855–861. [PubMed: 15279770]

44. Williams RS, Williams JS, Tainer JA. Mre11-Rad50-Nbs1 is a keystone complex connecting DNA
repair machinery, double-strand break signaling, and the chromatin template. Biochem Cell Biol.
2007; 85:509–520. [PubMed: 17713585]

Yang et al. Page 11

Cancer Causes Control. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



45. Lee JH, Paull TT. Activation and regulation of ATM kinase activity in response to DNA double-
strand breaks. Oncogene. 2007; 26:7741–7748. [PubMed: 18066086]

46. Lavin MF. ATM and the Mre11 complex combine to recognize and signal DNA double-strand
breaks. Oncogene. 2007; 26:7749–7758. [PubMed: 18066087]

47. Hebbring SJ, Fredriksson H, White KA, et al. Role of the Nijmegen breakage syndrome 1 gene in
familial and sporadic prostate cancer. Cancer Epidemiol Biomarkers Prev. 2006; 15:935–938.
[PubMed: 16702373]

48. Millikan RC, Player JS, Decotret AR, Tse CK, Keku T. Polymorphisms in DNA repair genes,
medical exposure to ionizing radiation, and breast cancer risk. Cancer Epidemiol Biomarkers Prev.
2005; 14:2326–2334. [PubMed: 16214912]

49. Kuschel B, Auranen A, McBride S, et al. Variants in DNA double-strand break repair genes and
breast cancer susceptibility. Hum Mol Genet. 2002; 11:1399–1407. [PubMed: 12023982]

50. Hsu HM, Wang HC, Chen ST, et al. Breast cancer risk is associated with the genes encoding the
DNA double-strand break repair Mre11/Rad50/Nbs1 complex. Cancer Epidemiol Biomarkers
Prev. 2007; 16:2024–2032. [PubMed: 17932350]

51. Sanyal S, Festa F, Sakano S, et al. Polymorphisms in DNA repair and metabolic genes in bladder
cancer. Carcinogenesis. 2004; 25:729–734. [PubMed: 14688016]

52. Figueroa JD, Malats N, Rothman N, et al. Evaluation of genetic variation in the double-strand
break repair pathway and bladder cancer risk. Carcinogenesis. 2007; 28:1788–1793. [PubMed:
17557904]

53. Jiang L, Liang J, Jiang M, et al. Functional polymorphisms in the NBS1 gene and acute
lymphoblastic leukemia susceptibility in a Chinese population. Eur J Haematol. 2011; 86:199–205.
[PubMed: 21166880]

54. Huang MD, Chen XF, Xu G, et al. Genetic variation in the NBS1 gene is associated with hepatic
cancer risk in a Chinese population. DNA Cell Biol. 2012; 31:678–682. [PubMed: 22070649]

55. Xu JL, Hu LM, Huang MD, et al. Genetic variants of NBS1 predict clinical outcome of platinum-
based chemotherapy in advanced non-small cell lung cancer in Chinese. Asian Pac J Cancer Prev.
2012; 13:851–856. [PubMed: 22631660]

56. Hsu DS, Chang SY, Liu CJ, et al. Identification of increased NBS1 expression as a prognostic
marker of squamous cell carcinoma of the oral cavity. Cancer Sci. 2010; 101:1029–1037.
[PubMed: 20175780]

57. Greenland S. Bayesian perspectives for epidemiological research: I. Foundations and basic
methods. Int J Epidemiol. 2006; 35:765–775. [PubMed: 16446352]

58. Tsao AS, Liu D, Lee JJ, Spitz M, Hong WK. Smoking affects treatment outcome in patients with
advanced nonsmall cell lung cancer. Cancer. 2006; 106:2428–2436. [PubMed: 16634096]

59. Sun Z, Aubry MC, Deschamps C, et al. Histologic grade is an independent prognostic factor for
survival in non-small cell lung cancer: an analysis of 5018 hospital- and 712 population-based
cases. J Thorac Cardiovasc Surg. 2006; 131:1014–1020. [PubMed: 16678584]

Yang et al. Page 12

Cancer Causes Control. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 1.
Kaplan-Meier analysis and log-rank P-values for tobacco smoking pack-years (PYs) in
patients with (a) lung cancer; (b) UADT squamous cell carcinoma
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Fig. 2.
(a) Selected associations of NBS1 SNPs with mortality. (b) Associations of NBS1 rs1061302
(recessive model) with mortality of lung cancer patients by smoking status. (c) Associations
of NBS1 rs1063054 (dominant model) and mortality of UADT cancer patients by drinking
status
aHR adjusted hazard ratio, CI confidence interval, NSCLC non-small cell lung cancer,
UADT upper aerodigestive tract
aModels included age, gender, ethnicity, education, drink-year and pack-year. Among non-
drinkers, the drink-year was zero.
bModel stratified on sex
cAssociations among non-smokers were not presented due to small sample sizes
dValues of BFDP were less than 0.75 given a prior probability of 0.20, shown in
Supplementary Table S4, indicating noteworthy observations
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Fig. 3.
Kaplan-Meier analysis and log-rank P-values for (a) NBS1 rs1061302 by tobacco smoking
in NSCLC patients; (b) NBS1 rs1063054 by alcohol drinking in patients with UADT
squamous cell carcinoma
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Table 3

Maximum Partial-Likelihood (ML) and semi-Bayes (SB) estimates of exponentiated product-term coefficients
(ratios of hazard ratios, RHR) using independent mean zero, variance ½ coefficient priors (95% prior limits ¼,
4 after exponentiation)

Product term ML estimatesa (95 %
confidence limits)

SB estimatesa (95 %
posterior limits)

ML estimatesb (95 %
confidence limits)

SB estimatesb (95 %
posterior limits)

Non-small cell lung cancer

NBS1 rs709816 (CC/TC vs. TT)

 SNP*smoking 1.35 (0.85, 2.14) 1.30 (0.84, 2.01) 1.91 (0.83, 4.38) 1.58 (0.77, 3.23)

 SNP*drinking 0.81 (0.62, 1.06) 0.82 (0.63, 1.06) 0.78 (0.40, 1.52) 0.84 (0.46, 1.51)

 Smoking*drinking 0.95 (0.78, 1.16) 0.96 (0.79, 1.16) 1.67 (0.80, 3.49) 1.48 (0.78, 2.82)

NBS1 rs1061302 (GG vs. AA/AG)

 SNP*smoking 2.13 (1.18, 3.83) 1.90 (1.11, 3.26) 3.42 (1.28, 9.12) 2.26 (1.06, 4.81)

 SNP*drinking 1.01 (0.62, 1.65) 1.02 (0.65, 1.62) 0.71 (0.31, 1.59) 0.86 (0.43, 1.70)

 Smoking*drinking 1.06 (0.90, 1.24) 1.06 (0.90, 1.24) 1.59 (0.79, 3.18) 1.44 (0.77, 2.66)

NBS1 rs1063054 (AC/CC vs. AA)

 SNP*smoking 1.26 (0.86, 1.85) 1.24 (0.86, 1.78) 1.45 (0.73, 2.89) 1.25 (0.68, 2.29)

 SNP*drinking 0.86 (0.67, 1.09) 0.86 (0.68, 1.09) 0.71 (0.39, 1.30) 0.79 (0.46, 1.36)

 Smoking*drinking 1.03 (0.88, 1.21) 1.03 (0.88, 1.20) 1.77 (0.88, 3.55) 1.53 (0.83, 2.83)

UADT, squamous cell carcinoma

NBS1 rs709816 (CC/TC vs. TT)

 SNP*smoking 1.53 (0.81, 2.93) 1.43 (0.80, 2.54) 1.31 (0.50, 3.43) 1.19 (0.54, 2.62)

 SNP*drinking 1.07 (0.92, 1.23) 1.07 (0.93 1.24) 0.90 (0.33, 2.48) 0.95 (0.42, 2.13)

 Smoking*drinking 0.94 (0.87, 1.02) 0.94 (0.87, 1.02) 1.06 (0.40, 2.80) 1.04 (0.47, 2.30)

NBS1 rs1061302 (GG/AG vs. AA)

 SNP*smoking 1.59 (0.90, 2.82) 1.49 (0.88, 2.52) 1.48 (0.62, 3.52) 1.37 (0.66, 2.83)

 SNP*drinking 0.94 (0.78, 1.13) 0.95 (0.79, 1.14) 1.56 (0.63, 3.86) 1.41 (0.66, 2.97)

 Smoking*drinking 0.89 (0.80, 1.00) 0.89 (0.80, 1.00) 0.94 (0.36, 2.45) 0.96 (0.43, 2.11)

NBS1 rs1063054 (AC/CC vs. AA)

 SNP*smoking 1.73 (0.97, 3.11) 1.59 (0.93, 2.73) 1.00 (0.41, 2.43) 1.07 (0.52, 2.23)

 SNP*drinking 1.01 (0.87, 1.18) 1.02 (0.88, 1.19) 2.83 (1.05, 7.67) 2.02 (0.93, 4.40)

 Smoking*drinking 0.93 (0.85, 1.01) 0.93 (0.85, 1.01) 1.06 (0.39, 2.84) 1.01 (0.46, 2.23)

a
continuous main effects and product-terms in models: tobacco smoking (40 pack-years) and alcohol drinking (80 drink-years)

b
binary main effects and product-terms in models: ever/never tobacco smoking and alcohol drinking
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