1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

> % NIH Public Access
éf}}‘ Author Manuscript

2 Hepst

NATIG,

O

Published in final edited form as:
Cancer Lett. 2015 February 28; 357(2): 549-556. doi:10.1016/j.canlet.2014.12.008.

Identification of epidermal growth factor receptor (EGFR)
genetic variants that modify risk for head and neck squamous
cell carcinoma

Christopher Fung?, Pei Zhou?, Sonali Joyce?, Kerry Trent?, Jian-Min YuanP, Jennifer R.
Grandis®¢, Joel L. WeissfeldP, Marjorie Romkes®, Daniel E. Weeks®, and Ann Marie
Egloffaf”

aDepartment of Otolaryngology, University of Pittsburgh, Pittsburgh, PA, USA

bDepartment of Epidemiology, University of Pittsburgh, Pittsburgh, PA, USA

®Department of Pharmacology & Chemical Biology, University of Pittsburgh, Pittsburgh, PA, USA
dDepartment of Medicine, University of Pittsburgh, Pittsburgh, PA, USA

eDepartment of Human Genetics and Biostatistics, University of Pittsburgh, Pittsburgh, PA, USA

fDepartment of Microbiology and Molecular Genetics, University of Pittsburgh, Pittsburgh, PA,
USA

Abstract

EGFR polymorphisms have not been thoroughly evaluated for association with head and neck
squamous cell carcinoma (HNSCC) risk. We genotyped 578 HNSCC patients and 588 cancer-free
controls for 60 EGFR single nucleotide polymorphisms (SNPs) and tested associations with
HNSCC risk.

EGFR intronic SNPs rs12535536, rs2075110, rs1253871, rs845561 and rs6970262 and
synonymous SNP rs2072454 were associated with HNSCC risk among all subjects (p < 0.05).
SNPs rs12538371, rs845561, and rs6970262 were significantly associated with HNSCC risk (p <
0.05) among never tobacco users. We identified EGFR variants that likely modify risk for HNSCC
including three variants that contribute to tobacco-independent risk.
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Introduction

Head and neck cancers, which occur primarily in the oral cavity, pharynx and larynx, are the
sixth most common cause of cancer death worldwide with approximately 600,000 new cases
and 300,000 associated deaths annually [1-3]. More than 90% of these are head and neck
squamous cell carcinoma (HNSCC) [4]. HNSCC presents a challenging clinical problem
due to the late stage of initial presentation, high rates of recurrence and metastasis and
disease- and treatment-associated morbidities. Defining at-risk populations and gaining
insights regarding specific molecular contributors to HNSCC development and progression
are important steps toward developing more effective prevention, early diagnostic and
treatment regimens.

Epidermal growth factor receptor (EGFR), which is overexpressed in the majority of
HNSCCs [5-7], has remained relatively understudied regarding HNSCC risk. EGFR, which
is located on the short arm of chromosome 7, encodes a receptor tyrosine kinase known to
play a critical role in mediating the aberrant extracellular growth signals common to several
cancers including HNSCC [8]. Polymorphisms in EGFR have previously been shown to be
associated with differential risk of developing glioma [9-12], lung cancer [13-15],
esophageal cancer [14], and renal cancer [16]. To date, studies investigating the relationship
between HNSCC and EGFR polymorphisms have generally been restricted to putative
promoter/enhancer elements and selected non-synonymous coding changes [17-23]. As yet,
an extensive assessment of EGFR genetic variants and their association with HNSCC risk
has not yet been reported, and extensive evaluations of EGFR genetic variants regarding
cancer risk have only been reported for glioma [9,10]. Of the limited studies that have
investigated the relationship between EGFR polymorphisms and HNSCC, only one has
shown an association between the intron 1 CA-repeat polymorphism and HNSCC risk [20].

While EGFR activating mutations are rare in HNSCC cancers [24,25], EGFR gene
amplification has been reported in a subset of HNSCC [26-28]. EGFR protein levels are
elevated in many HNSCC tumors, and high EGFR tumor protein levels indicate poor
prognosis [28,29]. In order to gain further insights regarding the role(s) of EGFR in HNSCC
we sought to determine if EGFR polymorphisms were associated with HNSCC risk.

Tobacco and alcohol uses have been widely recognized to be principal HNSCC etiologic
factors [30]. However, only a minority of smokers develop HNSCC. Furthermore,
approximately 20% of HNSCC patients are lifelong never smokers [31]. More recently,
infection with human papillomavirus (HPV) has been identified as a contributing risk factor
to HNSCC. Although HPV-positive (HPV+) tumors are enriched among never smoking
cases, HPV is an etiologic agent for HNSCC among tobacco users and never tobacco users
[32,33]. HPV + HNSCC tumors are predominantly found in the oropharynx, with lower
rates of positivity in the hypopharynx, oral cavity and larynx. Therefore, different
environmental risk factors for HNSCC exist with likely different genetic susceptibility
factors.

Positive family history of HNSCC has been associated with increased HNSCC risk even
after adjusting for tobacco and alcohol use, suggesting a genetic component for HNSCC risk
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may exist [34]. We hypothesized that EGFR genetic variants would be associated with
HNSCC risk. EGFR variants related to tobacco use risk were hypothesized to be specifically
associated with HNSCC risk among tobacco users. We further hypothesized that EGFR
variants associated with HNSCC risk unrelated to tobacco use would be more readily
discerned among never tobacco users where the obscuring effects of tobacco-related risk
would be minimized. Here we report the testing of single nucleotide polymorphism (SNP)
variants spanning EGFR for association with HNSCC using a case—control study design
including approximately 600 HNSCC cases and 600 cancer-free control subjects.

Materials and methods

Study populations

From 2000 to 2009, patients aged 18—79 years with pathologically confirmed HNSCC were
enrolled into this University of Pittsburgh Head and Neck Specialized Program of Research
Excellence (SPORE)-sponsored study within 1 year of diagnosis. 610 HNSCC cases with
blood-derived DNA available for analysis were successfully frequency-matched by age
category (10-year strata), sex and race to 633 cancer-free control subjects enrolled during
the same time period [35]. White subjects constituted approximately 97% of matched cases
(n =596) and controls (n = 612). White subjects with =95% genotyping success rates
included 578 HNSCC cases and 588 controls that comprised the study subjects (Table 1).
Upon enrollment, subjects donated peripheral blood and completed an administered
questionnaire. All procedures were approved by the University of Pittsburgh Institutional
Review Board.

Questionnaire data

Demographic and risk factor data for Pittsburgh subjects were obtained by using the
interviewer-administered questionnaire previously described [35]. Age was defined as age at
diagnosis for cases and age at interview for control subjects. Tobacco and alcohol use pack-
year and drink-year metrics were as previously described [35].

SNP selection and genotyping assays

SNPs were selected based on previous reports of association with cancer, functional
significance, or as HapMap project tagging SNPs for subjects with Northern and Western
European ancestry (CEU). Tagging SNPs were selected using the publicly available Tagger
program of the HapMap project [36]. SNPs representing linkage disequilibrium blocks with
r2 > 0.8 and a minor allele frequency >5% were selected for genotyping the longest EGFR
gene transcript (variant 1) and 5000 base pairs upstream and downstream. In total, 68 SNPs
were selected for genotyping (Appendix S1: Supplementary Table S1). DNA was extracted
from peripheral whole blood using commercial kits and stored at —80 °C as previously
described [35]. Genotyping was performed using the MassArray iPlex Gold system
(Sequenom); PCR primers and extension primers for individual SNPs were designed using
MassArray 3.0 software (Sequenom). Samples were arrayed in 384-well plates for analysis,
and each plate contained a 5% replication of samples and one water negative control.
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HPV and P16 tumor status

HNSCC tumor HPV status by in situ hybridization (ISH) and cyclin-dependent kinase
inhibitor 2A (P16) tumor status by immunohistochemical (IHC) staining were determined as
previously described [28]. HPV ISH and P16 IHC data were available through the
Pittsburgh Head and Neck Organ-specific electronic database for 128 and 146 tumors,
respectively [37].

Statistical analysis

STATA 12 (StataCorp) was used to perform all statistical analyses. Hardy—Weinberg
equilibrium (HWE) for control subjects was assessed using Fisher’s exact test. SNPs with a
distribution of alleles out of HWE (p < 0.05) were excluded from further analysis as were
SNPs with call rates less than 95% (Appendix S1: Supplementary Table S1). Association
between SNPs and HNSCC was assessed using Fisher’s exact test for genotype association
(2 degrees of freedom) and the Cochran—Armitage test of trend using the genass command
in STATA [38]. Adjusted odds ratios (aOR) and 95% confidence intervals (95CI) were
estimated using multivariable logistic regression (MLR) models adjusted for age and sex
and candidate variables if significant. Candidate variables including body mass index (BMI),
tobacco use, cigarette pack-years category, alcohol drink-years category and cigarette by
alcohol interaction (Table 1) were tested for significance in univariable logistic regression
models, and significant variables (Wald p < 0.05) were retained in MLR models if
associated Wald p < 0.05. SNP association with HNSCC risk was individually tested using
MLR models stratified by tobacco use (ever versus never) and for HPVV+ and HPV- tumors
separately.

SNP function prediction

Prediction of variant impact on function was performed using the tool provided by the
National Institutes of Environmental Health Sciences (http://snpinfo.niehs.nih.gov/snpinfo/
snpfunc.htm) and the RegulomeDB database (http://regulome.stanford.edu) [39,40].

Results

HNSCC case—control subjects exhibited typical characteristics

There were no statistically significant differences in median age or sex distribution between
successfully genotyped cases and cancer-free controls (Table 1). HNSCC occurs primarily
in male patients, and the percentage of male cases among the cases (79.8% for the larynx
and 70.1% for the oral cavity and pharynx) was similar to the percentage of male cases that
would be expected based on prevalence data for whites in the U.S. during our recruitment
period (79.9% for the larynx and 65.7% for the oral cavity and pharynx) [4].

Never tobacco use and never alcohol use rates reported in a large pooled analysis of multiple
studies (59.6% and 27%, respectively) were lower than the never tobacco and never alcohol
use rates among cases and controls (Table 1) [30]. Nonetheless, our HNSCC cases were
more likely to have used tobacco and have consumed more cigarettes and alcohol than
cancer-free control subjects.
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Compared to ever tobacco-using HNSCC patients, never tobacco-using HNSCC patients
were more often female and less likely to report positive alcohol use histories (Appendix S1:
Supplementary Table S2). Anatomical tumor sites differed significantly for never versus
ever tobacco users with more oral cavity and oropharynx cancers and fewer laryngeal
cancers among never tobacco users.

Genotyping quality

Genotype calls were made in 95% of samples for 60 of the 68 SNPs assayed (Appendix S1:
Supplementary Table S1). Successfully genotyped SNPs had similar minor allele
frequencies among control subjects as the HapMap database (Appendix S1: Supplementary
Table S1), supporting the validity of the assay results and the appropriateness of the control
population. The 5’-untranslated region SNP rs712829, which was previously reported to be
associated with lung cancer risk [41], was among 8 SNPs that failed in our study (Appendix
S1: Supplementary Table S1). Of the 596 white cases and 612 white controls, 578 (97%)
cases and 588 (96%) controls were successfully genotyped with call rates of at least 95%,
and these constituted our study population. As a measure of assay reliability, 5% of samples
were randomly selected for replicate plating, and these sample genotypes were 100%
concordant between duplicate pairs for successfully called genotypes. The final case—control
study population did not demonstrate statistically significant differences in age or sex
between HNSCC cases and controls, an indication genotyping failure was sufficiently
infrequent and/or random as to not negate frequency-matching (Table 1).

Ten EGFR SNPs were associated with HNSCC rsik by genotype or trend test

We sought to identify risk-associated polymorphisms using Fisher’s exact genotype test or
the Cochran—Armitage test of trend to test significance as an initial threshold for further
evaluation. This combination of two statistical tests was demonstrated to provide near
optimal power under a number of inheritance modes [42]. We identified 8 EGFR SNPs
associated with HNSCC risk in our unstratified analysis and 2 additional EGFR SNPS (1
among never tobacco users, 1 among ever tobacco users) (Table 2 and Appendix S1:
Supplementary Fig. S1). One of these SNPs was a synonymous SNP in exon 4 (rs2072454).
The other nine SNPs were intronic.

EGFR variants were associated with HNSCC risk after controlling for known risk factors

In order to estimate the contribution of EGFR SNPs after controlling for risk factors, we
developed MLR models. In the unstratified analysis, age, sex, and alcohol and tobacco use
as well as their combined interaction were significantly associated with HNSCC risk and
retained in the final model. Six EGFR SNPs (rs12525536, rs2072454, rs2075110,
rs12538371, rs845561 and rs6970262) were associated with HNSCC risk after adjusting for
these risk factors in the unstratified analysis (Table 2). Of these SNPs, rs2072454 and
rs2075110 were in linkage disequilibrium (LD) among control subjects (r2 = 0.98).

Among tobacco users, only rs17586365 rare minor allele homozygotes, of which there were
few (7 controls and 1 case), had significantly reduced HNSCC risk after adjusting for risk
factors. SNPs rs12538371, rs845561 and rs6970262, residing in introns 15, 20 and 21,
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respectively, were associated with HNSCC risk among never tobacco users after adjustment
for age and sex (Table 2).

The increasing number of tobacco-independent risk alleles, defined as rs12538371 [C],
rs845661 [C] and rs6970262 [G], was associated with significantly increasing HNSCC risk
among never tobacco users but not ever tobacco users (Analysis 1, Table 3). This same trend
was also noted in the unstratified analysis, though the magnitude of the risk was not as great
as when the analysis was confined to never tobacco users, suggesting that the contribution to
risk in the unstratified analysis was likely driven primarily by never tobacco users.

A summation of risk alleles for all SNPs that remained significantly associated with HNSCC
in any of the MLR models in any stratum indicated that the increasing number of risk alleles
was associated with increasing HNSCC risk in the unstratified analysis and in both tobacco
strata (Analysis 2, Table 3). In this analysis, risk alleles for both tobacco-independent and
tobacco-related HNSCC were included among the summed alleles. rs2075110 was excluded
from this analysis because of its LD with rs2072454. It is of note that when tobacco-
independent risk alleles were omitted, an increasing risk of HNSCC with increasing number
of risk alleles was associated only among tobacco users and not among the never tobacco
users (Analysis 3, Table 3).

Tobacco-independent SNPs rs6970202 and rs12538371 were associated with HPV+ HNSCC

risk

In order to gain insights into genetic variants regarding their roles in HPV+ versus HPV-
HNSCC risk, we evaluated EGFR SNPs that were associated with HNSCC risk in MLR
models for significant differences in genotype frequencies between patients with HPV+
HNSCC and patients with HP\V/— HNSCC. Our ability to assess differences with HPV tumor
status was limited because HPV tumor status was available for only 128 patient tumors
(22%), and HPV evaluated cases were younger, more often had oropharyngeal tumors and
less often had laryngeal tumors (Appendix S1: Supplementary Table S4). As would be
expected of unselected HNSCC cases, 68% of oropharynx tumors tested were HPV positive,
and HPV and P16 status were concordant for the majority of tumors analyzed for both
(101/118 (86%0)). In support of tobacco and HPV being independent risk factors, of the 104
HPV evaluated HNSCC cancers in ever tobacco users, 29 (28%) were HPV+ by ISH.
Similarly, of the 24 HPV evaluated among never tobacco users, 8 (33%) were HPV+,

We observed that of the EGFR SNPs associated with HNSCC risk, only rs12538371 and
rs6970262 had significantly different genotype frequencies between HPV+ and HPV-
HNSCC cases (p = 0.001 and p = 0.022, respectively). When we restricted our analyses to
those tumors that were HPV ISH positive and P16 IHC positive, thereby defining the tumors
most likely to have functioning HPV components, we observed similar results in that only
rs12538371 and rs6970262 had significantly different genotype frequencies for HPV+P16+
versus HPVV— HNSCC. No other SNPs associated with HNSCC risk differed in genotype
frequency between HPV+P16+ and HPV—- HNSCC cases (all p > 0.05). In MLR models,
rs12538371 and rs6970262 were independently associated with HPV+ HNSCC risk but not
HPV- HNSCC risk (Table 4). Three or more risk alleles in these two SNPs increased risk
for HPV+P16+ HNSCC in a univariate model compared to 0 or 1 risk alleles (aOR = 7.94
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(95CI = 2.90-21.70)). Two risk alleles were associated with a trend toward increased HPV
+P16+ HNSCC risk compared to 0 or 1 risk allele (aOR = 2.27 (95CI = 0.98-6.22)).

Potential modifiers of tobacco-independent HNSCC risk

We explored tobacco-independent HNSCC risk SNPs (rs12538371, rs845561 and
rs6970262) using the UCSC Genome Brower (http://genome.ucsc.edu/) [43]. SNP
rs1238371 resides near the last shared exon of EGFR splice variants 1, 2 and 4 (Appendix:
Supplementary Fig. S2). Of these variants, only the variant 1 transcript contains sequences
encoding the kinase domain of EGFR. Other than the noteworthy location of this SNP, no
distinguishing characteristics were noted in proximity to this SNP. Two regions of histone
H3 Lysine27 acetylation (H3K27Ac), a marker of enhancer elements [44], were observed
near the intron 21 SNP rs6970262 in a subset of ENCODE cell lines (Appendix:
Supplementary Fig. S2). Enhanced H3K27Ac was also observed in intron 20 near SNP
rs845561 in ENCODE cell lines (Appendix: Supplementary Fig. S2). EGFR intron 1
contains several regions of enhanced H3K27Ac. However, apart from intron 1, there exists a
paucity of these histone modifications except for small islands within introns 20, 21 and 22
(Appendix: Supplementary Fig. S3).

The ENCODE project validated the expression of a non-coding RNA, EGFR-AS1
transcribed anti-sense to EGFR. SNP rs6970262 resides approximately 3.8 kb upstream of
the transcription start of EGFR-AS1; rs845561 resides within intron 1 of EGFR-AS1, which
has two exons. We detected the expression of EGFR-ASL1 in three HNSCC cell lines
(Appendix: Supplementary Fig. S4).

Web-based analytical tools predicted that of the three tobacco-independent SNPs, only
rs6970262 was predicted to have functional consequence by the NIEHS SNP prediction tool
as a transcription factor-binding (TFB) site. Several transcription factors had predicted
altered binding; among the top scoring were GRE and CDPCR-3. The RegulomeDB
analysis indicated that DNasel hypersensitivity sites were present in several cell lines for
rs6970262 but only one cell line each for rs1253871 and rs845561. RegulomeDB positional
weight matrices identified a possible ¢c-FOS binding site at rs845561; no other binding
motifs were identified. Histone modifications including H3K27Ac, H4K20mel, associated
with gene expression, and H3K36me3, an intragenic mark of active transcription, were
among the most frequent histone modifications for all 3 SNPs, implicating chromatin
modification in these regions as important for EGFR or EGFR-AS1 expression regulation
[45,46].

Discussion

Our study is the first to perform a comprehensive analysis of common EGFR genetic
variants associated with HNSCC risk. We have shown that in a large Pittsburgh-based case—
control study, 7 EGFR SNPs were associated with differential risk of developing HNSCC
after adjustment for known risk factors. Two of these SNPs, rs2072454 and rs2075110, were
in LD r2 > 0.98 with each other. We characterized 1 SNP as tobacco-dependent
(rs17586365), 3 SNPs as tobacco-independent (rs12538371, rs845561 and rs6970262) and 2
as associated with HPV+ HNSCC risk (rs1253871 and $6970262).
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rs2072454 has been most studied of the identified SNPs of interest. rs2072454 is located
within 2 bases of an exon—intron junction and has been predicted to affect mRNA splicing
[40]. Although rs2072454 was reported to be not associated with breast [47] or lung cancer
risk [13], our study suggests that individuals with homozygous minor (T) allele may be at
increased risk for HNSCC.

Intron 1 sequence elements of genes have been generally recognized as regulators of
transcription. A frequently studied genetic variant of EGFR is the CA dinucleotide repeat
polymorphism located in intron 1. This polymorphism has been associated with differential
transcription of EGFR and risk of oral cavity and lung cancers [15,20,48,49]. Neither
rs17586365 nor rs12535536 was in LD with SNPs flanking the CA dinucleotide repeat
polymorphism in the CEU population. Also, rs17586365 and rs12535536 were not in LD
with SNP rs712829, another well-studied polymorphism shown to be involved in the
transcriptional regulation of EGFR but not successfully assessed in our study [41],
suggesting rs17586365 or genomic elements in LD may have functions distinct from these
variants. Interestingly, rs17586365 was in LD (r2 = 0.86) with identified glioma risk SNP
rs11979158 also located within EGFR intron 1 [50].

Other studies have demonstrated that SNP rs11543848, a non-synonymous coding SNP in
the ligand binding domain of EGFR (R521K), was associated with a differential risk of
colorectal cancer as well as a differential response to EGFR targeted therapy in several
cancers including HNSCC [21,23,51,52]. Differential risk and therapy response were
thought to be due to reduced ligand binding by the variant protein [53]. However, in our
study, rs11543848 was not significantly associated with HNSCC risk. Several studies have
also reported similar negative findings for this variant in other malignancies [13,49,54,55].
These discordant findings may reflect the diversity of pathology of the cancers being studied
and/or the heterogeneity of the populations.

We postulated that genetic risk factors identified among never tobacco users would have
implications for HNSCC risk among tobacco users; our identification of HPVV+ HNSCC risk
EGFR SNPs among never tobacco users supports this hypothesis. We also hypothesized that
SNPs specific to tobacco-related HNSCC risk would be identified, and our identification of
rs17586365, which is in strong LD with a known glioma risk-associated genetic variant, as a
modifier of HNSCC risk among tobacco users supports this. We speculate that associations
with HNSCC risk for these SNPs were not identified in the genome-wide association study
(GWAS) of upper aerodigestive cancers by McKay et al. [56] because subset analyses
included heavy smokers or drinkers but not nonsmokers, where we observed our strongest
associations. Also, combinations of risk SNPs as presented in Table 3 were required to reach
substantial risk, and the GWAS study sought to identify highly associated single genetic
variants.

Differential splicing has been implicated by our results, and EGFR isoforms have been
postulated to play a variety of roles in the pathogenesis and therapeutic response of several
malignancies [57]. The expression of HPV 16 E6 and E7 genes in keratinocytes has been
reported to augment the expression of specific vascular endothelial growth factor splice
variants in vitro [58]. Therefore, it is of interest to note that rs1253871 was associated with
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HPV+ HNSCC, suggesting a possible interplay between HPV infection and EGFR transcript
splicing regulators at or near this SNP.

Variants rs845561 and rs6970262 were especially of interest following ENCODE reports
describing histone H3 modifications consistent with enhancer elements in close proximity
[40]. While neither of these two SNPs has been experimentally confirmed to affect
transcription, the possibility exists that they serve a regulatory role in EGFR expression.
Whether the putative intron 20, 21 and 22 enhancer elements and/or expression of the
EGFR-AS1 antisense non-coding RNA transcript in this same region contributes specifically
to enhanced expression of EGFR during the development and/or progression of tobacco-
independent HNSCC remains to be investigated.

Our study has several limitations including the inability to assess all EGFR SNPs of interest
and the small proportion of tumors with known HPV status. Validation of associations in an
independent case— control study population would further substantiate findings. However,
given these limitations, our evaluation of EGFR genetic variants has revealed heretofore
unappreciated potential genetic elements of EGFR regulation and contribution to HNSCC
risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1
Study population characteristics.
Characteristic HNSCC cases (N =578) Controls (N = 588) p*
Age, years
Median (range) 59.9 (20.4-79.9) 60.2 (20.9-83.0) 0.408T
BMI
Median (range) 27.1(15.3-61.8) 27.4 (16.4-59.4) 0.011T
Sex, N (%)
Men 417 (72.1) 441 (75.0) 0.269%
Women 161 (27.9) 147 (25.0)
Tobacco//, N (%)
Never 103 (17.8) 230 (39.1) <0.0011
Ever 475 (82.2) 358 (60.9)
Cigarette only 326 (56.4) 229 (38.9)
Pipe only 5(0.9) 3(0.5)
Cigar only 5(0.9) 6 (1.0)
Chew only 13(2.2) 8 (1.4)
Cigarette and other tobacco 124 (21.5) 104 (17.7)
No cigarette, combination other 2(0.3) 8 (1.4)
Cigarette, N (%)
Never 0 pack-year 128 (22.1) 255 (43.4) <0.001%
>0 and <25 pack-year 121 (20.9) 173 (29.4)
25-50 pack-year 172 (29.8) 102 (17.3)
>50 pack-year 157 (27.2) 56 (9.5)
Unknown quantity 0 (0) 2(0.3)
Alcohol, N (%)
0 drink-year 105 (18.2) 131 (22.3) <0.001%
>0 and <30 drink-year 185 (32.0) 295 (50.2)
30 + drink-year 282 (48.8) 159 (27.0)
Unknown quantity 5(0.9) 3(0.5)
Unknown 1(0.2) 0 (0)
Cigarette and alcohol use, N (%)
Never smoker, < 30 drink-year 107 (18.5) 209 (35.5) <0.001F
Never smoker, 30 + drink-year 19 (3.3) 46 (7.8)
<25 pack-year, <30 drink-year 66 (11.4) 121 (20.6)
<25 pack-year, 30+ drink-year 55 (9.5) 51 (8.7)
25-50 pack-year, < 30 drink-year 68 (11.8) 63 (10.7)
25-50 pack-year, 30 + drink-year 103 (17.8) 37 (6.3)
>50 pack-year, <30 drink-year 48 (8.3) 32 (5.4)
>50 pack-year, 30+ drink-year 106 (18.3) 24 (4.1)
Never smoker, unknown pack-year/drink-year 2(0.3) 0 (0)
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Characteristic

HNSCC cases (N = 578)

Controls (N = 588)

*

Ever smoker, unknown pack-year/drink-year
Cancer site, N (%)
Oral cavity
Oropharynx
Hypopharynx
Larynx
Nasopharynx
Other head/neck
HPV
Positive
Negative

Not evaluated

4(0.7)

278 (48.1)
134 (23.2)
27 (4.7)
119 (20.6)
6 (1.0)
14 (2.4)

37 (6.4)
91 (15.7)
450 (77.9)

5(0.9)

*
HNSCC cases versus controls.
+
Rank-sum test.
..
Chi-square test.
ﬂChi-square test Ever versus Never tobacco users.

//Cigarette, pipe, cigar, or chew use.
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