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sions in the human upper aerodigestive t(@3t and the possi-
Background: Experimental models and analyses of human bility that HPVs known to cause genital carcinomas may @lso
tumors suggest that oncogenic, sexually transmittable hu- contribute to the pathogenesis of upper aerodigestive track can
man papillomaviruses (HPVs) are etiologic factors in the cers was raised more than a decade ago with initial repo@ts (o]
development of oral squamous cell carcinoma (SCC). We cytologic and molecular evidence of HPV infection in oral &ar-
conducted a population-based, case—control study to deter-cinomas (3-5). Accumulating molecular and pathologic e¥i-
mine whether the risk of this cancer is related to HPV in- dence has strengthened the hypothesis that HPV mfectlonioul(
fection and sexual history factors.Methods:Case subjects (n play a role in the etiology of some oral squamous cell cargmo-
= 284) were 18-65-year-old residents of three counties inmas (SCCs)6-13). 5
western Washington State who were newly diagnosed with  In contrast to cervical and other genital cancers, therg are
oral SCC from 1990 through 1995. Control subjects (n = 477) limited epidemiologic data addressing the relationship bet@een
similar in age and sex were selected from the general popu- HPV infection and the development of oral cancer. Several gtud-
lation. Serum samples were tested for HPV type 16 capsid ies (14-16)have observed a higher prevalence of HPV DN%\ in
antibodies. Exfoliated oral tissue collected from case and tumors of patients with oral cancer compared with normal tisue
control subjects and tumor tissue from case subjects were from the same patient or to normal tissue in patients with gther
tested for HPV DNA. Odds ratios (ORs) were calculated Oral conditions, but these investigations lacked a formal epide-
after adjusting for age, sex, cigarette smoking, and alcohol Miologic design and analysis. For example, such studieschav
consumption. Results:Among males only, oral SCC risk in- ot considered either confounding by, or interactions W|th\pto-
creased with self-reported decreasing age at first inter- bacco and alcohol use, which contribute to the developmem of
course, increasing number of sex partners, and a history of More than 75% of oral cancers in the United St4183. Results
genital warts. Approximately 26% of the tumors in case sub- from rigorously designed epidemiologic studies have ymﬂtjed
jects contained HPV DNA; 16.5% of the tumors contained conflicting results. In a prior case—control study conducteﬁ by
HPV type 16 DNA. The prevalence of oncogenic HPV types members of our group, the detection of HPV type 6 DNA@nd
in exfoliated oral tissue was similar in case and control sub- the detection of HPV type 16 DNA in exfoliated oral cavity cglls
jects. The ORs for HPV type 16 capsid seropositivity were Were both strongly associated with oral cancer (). In cons
2.3 (95% confidence interval [CI] = 1.6-3.3) for all oral SCCs trast, a nested case—control study found that serologic anﬁbod\
and 6.8 (95% CI = 3.0-15.2) for oral SCCs containing HPV esponse to the HPV type 16 capsids was not associated vgith a
type 16 DNA. The joint association of cigarette smoking and
HPV type 16 capsid seropositivity with oral SCC (OR = 8.5;
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increased risk of oral canc(:jtg)_We report the results of a seconchighest level of school attended, and combined family income in the reference
population-based, case—control study testing the hypothesis W8af- Cigarette smoking data included whether a person had ever smoked mor

. . . . than 100 cigarettes, and if so, details regarding continuous periods (episodes
HPV infection is a risk factor for oral squamous cell cancer. during which smoking habits (e.g., packs per day) were relatively unchanged.

Episodes were delineated according to ages at which each case or control subje

PATIENTS AND METHODS reported major changes in smoking habits. Case and control subjects were als
. - e . asked whether or not they had used smokeless tobacco (chewing tobacco, snuf
Subject Eligibility, Identification, and Recruitment or mini-pouches), cigars, or pipes. We ascertained each participant’s history of

alcohol consumption using an approach similar to that for ascertaining cigarette

Eligible case subjects were 18—-65-year-old male and female residents of Kié‘ﬂ'roking history. Thus, among participants who reported having had at least four
Pierce, and Snohomish counties, Washington State, who were diagnosed wifdnolic beverages in any 1 year, we elicited separate age-defined periods i
incident histologically confirmed SCC of the oral cavity between 1990 and 199§nich alcohol consumption (e.g., frequency of drinking, number of drinks) was
We identified case subjects through the files of the Cancer Surveillance Sysrr"e'i'&tively unchanged. We asked each participant his or her age at first regula
(CSS), a participant in the National Cancer Institute’s Surveillance, Epidemighercourse (where “regular” was defined as three or more times per month).
ogy, and End Results (SEERrogram. Oral tumors, whethiersituor invasive, Participants who had had any heterosexual relationships were asked about tF
were included if they arose in one of the following sites: tongue, gum, floor @fetime number of opposite sex sexual partners, whether oral sex had beer
mouth, other and unspecified part of the mouth, tonsils, or oropharynx. Infofarformed on any opposite sex partner, and the total number of opposite sex orz
mation on age, stage, site, and histologic type was obtained from the files of §& partners. Each male was asked about his sexual orientation since puber
CSs. (exclusively heterosexual, primarily heterosexual, heterosexual and homoggexua

Eligible control subjects were 18-65-year-old male and female residentsp(pfmar”y homosexual, or exclusively homosexual). We also asked cag and
King, Pierce, and Snohomish counties, Washington State, between 1990 gh\skro| subjects about histories of genital warts and oral warts. =3
1995 who had no history of oral cancer. We sought three control subjects fO'Biologic specimensEach participating case and control subject was asléd to
every two case subjects, similar to the sex and age distribution (18-19, Zo‘ﬁﬁwide a venous blood sample. Aliquots of serum were stored at —70 °@until
25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, and 6065 years) of the gaged for assays of antibody response to HPV type 16 capssdshelow). g
subjects. Potential control subjects were ascertained using random-digit tg{ggition, we collected a sample of exfoliated oral tissue according to the fol-
phone dialing (RDD)20,21).Briefly, telephone numbers were generated usingywing protocol: with the use of a soft-bristled toothbrush, the intervieweZer-
equal probability random sampling from among all working telephone prefixgsrmed five complete backward and forward brushes of each of the inside®f the
in the study areas. Each number was called to determine whether or not it WYBPer and lower lips, the left and right sides of the hard palate, buccal micosa
a residence; numbers that were not answered initially were called again durf'gg and bottom of the tongue, and the surface of the gingiva. After each o&hese
the day, evenings, and weekends. When a residence was reached, a housghodd \as brushed, the toothbrush was squeezed on the side of a tube cdhtaini
census was conducted to determine if an individual who was eligible on the bagigffer of 0.5% sodium dodecyl sulfate, IMIEDTA, and 10 mMTris. Thes'
of age and county of residence lived in the household. A household census @gs of the tube were then rinsed with buffer. The participant proceeded t8 rinse
conducted for 93.1% of the residences. his or her mouth with 0.5 oz tap water and spat into the tube. Tubes confaining

To recruit a case subject, we first wrote to his or her follow-up physician. Fie collected material were then frozen at —70 °C prior to DNA extractiorgand
case subjects diagnosed prior to 1992, written or verbal approval from g enotyping §ee below). Among those men and women who participaed in
physician was required to contact each case subject. For case subjects diagnpgs; -person interview, we obtained blood specimens from 260 (91.5%) & 284
from 1992 onward, written or verbal permission was not required but we did nofse subjects and 448 (93.9%) of 477 control subjects and exfoliated oraftissu
initiate patient recruitment if the follow-up physician notified us that the patieqg, 265 (93.3%) of 284 case subjects and 468 (98.1%) of 477 control sugjects.
should not be approached. We sent case subjects and control subjects idenigigdg and exfoliated oral tissue were collected at the time of the in-p&son
through RDD an introductory letter followed by a telephone call from an intefpterviews (median time following diagnosis, 8 months). We attempted to obtain
viewer. Of 449 case subjects ascertained from the CSS files, we did not atte'%’r‘aﬁin-embedded specimens of primary oral tumors for each case subjest wh
to contact 28 (6.2%) at the request of the physician, 69 (15.4%) died before M&+icipated in the in-person interview. Since some, but not all, studieschave
could recruit them, 45 (10.0%) refused to participate, and 23 (5.1%) were toogilggested that the presence of HPV DNA in oral carcinoma is associatedith ¢
or could not located. Thus, 284 (63.3%) case subjects participated in the studyoraple prognosi€22—25) we also attempted to obtain primary oral tumorsdor
Of the 284 case subjects that participated, 261 (91.9%) were diagnosed Wiflah case subject who could not be interviewed because of death prioéto re
invasive cancer and 23 (8.1%) were diagnosed with carcinionsitu. Of 729 cryitment. We selected tumor blocks containing malignant tissue to be tesfed for
potential control subjects ascertained through RDD, 234 (32.1%) refusedpy pNA sequencessge below) based on review of the accompanying pzthol-
participate either by requesting that we not send an introductory letter %) ogy report. We obtained one or more tumor specimens for 300 (87.2%) ‘% 344
or by refusing after receiving the introductory letter£n183). An additional 18 55e subjects; the proportion obtained was higher for interviewed case s@bject

(2.5%) potential control subjects could not be located. Thus, 477 (65.4%) of %) 194 of 284) than for case subjects not interviewed because of death Fior tc
potential 729 control subjects participated in this study. The overall response i@iguitment (78.3% of 60). =

for control subjects, calculated as the product of the RDD household screening
rate and the interview participation rate, was 60.9%.

The protocol for recruitment of case and control subjects was approved by
institutional review board of the Fred Hutchinson Cancer Research Center.

}gboratory Methods

20z 1udy 0

We extracted DNA from the exfoliated oral tissue as follows: Tubes corﬁain—
Data Collection ing the specimens were thawed and centrifuged at @030 minutes at 4 °C
and the supernatant was discarded. The pellet was then washed by adding 5 m

All data collection activities were conducted following written informed conix phosphate-buffered saline (PBS) followed by vortexing. This step was re-
sent from each case or control subject. peated, 3uL proteinase K (10 mg/mL) was added to the tube containing the

Interviews. Case and control subjects participated in structured in-pers@00-p.L sample, and the tube was incubated 4-6 hours at 55°C or at 37 °C
interviews through which we elicited information on demographic characterigvernight. An equal volume of phenol (3Q(L) was added followed by vor-
tics, lifetime histories of tobacco and alcohol use, clinical history of sexuallgxing. The tubes were briefly centrifuged again and the phenol (lower layer)
transmitted diseases, and histories of sexual activity and sexual practices.wdbk discarded. We then added {10 of 3 M sodium acetate, pH 8.0, 6Q0L
questions were directed toward the time period prior to each participant’s refhanol, and 1.2.L of 10 mg/mL transfer RNA to the sample tube. The tubes
erence date. The reference date for a case subject was the month and year werar incubated at 70 °C for 2 hours or at 20 °C overnight. The tubes were then
she was diagnosed. Since we did not pair individual control subjects with indentrifuged at 12 009 for 30 minutes at 4 °C after which the liquid was dis-
vidual case subjects, the reference date for a particular control subject wasded. The pellet was dried in a vacuum centrifuge for 20 minutes and then
assigned at random from among the possible case subject diagnosis datesé¢dé&solved in 10QuL H,O. Finally, the tube was incubated at 95°C for 8
had occurred prior to the selection of the control through RDD. Demographitinutes to inactivate the proteinase K. DNA was extracted from tumor tissue
characteristics ascertained included marital status as of reference date, nagieg standard methods for paraffin-embedded specirf&86)s
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We used oligonucleotide primers (MY09/MY11) complementary to highiData Analysis
conserved sequences in the L1 region of HRV), as well as primers comple- ) ) ) )
mentary to the respective E6 regions of HPV DNA types 6, 11, 16, and 18 toWe created analytic variables to describe each case and control subject
amplify HPV DNA from exfoliated oral tissue and tumor tissue using the pol)gigarette smoking status as follows: status as qf reference d{ite (current smoke
merase chain reaction (PCRB). Amplification reactions were performed using [O'Mer Smoker, or never smoker), recency of cigarette smoking (among former
standard conditions previously describ@9). Positive controls included both cigarette smokers), total years smoked cigarettes, and total pack-years of cig:
0.1 and 1.0 pg of HPV plasmid DNA for each HPV type tested Negati\iﬁtte smoking. Similarly, we classified case and control subjects according to

controls were 1.Qrg of human placental DNA. Reaction controls consisting oi eir consumption .Of .aICOhOI'C beverages: status as. of reference date (curren
grmer, or never), lifetime average number of alcoholic beverages consumed pe

only PCR buffer (i.e., no sample DNA) were also included in each PCR serie o .
s . . eek, and lifetime total number of alcoholic beverages consumed. For analyse:
to ensure that no contamination occurred during the setup of the reactions. The

cuslty of e DA forallowing PR smplfcation of HPY DNA was ceter 5, X4 ) 0 17 s oreriaen enors e, wo et o
mined by a PCR test for a fragment of the hunfaglobin gene(30). If a J )

. ) . ) reported never having sexual intercourse and eight male case subjects and ei
DNA specimen tested negative for tiffeglobin fragment following repeated p 9 9 J 9

ificati that . luded f further PCR | Lpale control subjects who reported not having exclusively heterosexual rela-
purifications, that specimen was excluded irom further anayses. tlgnships. (We did not elicit histories of homosexual activity of female partici-
ensure the sensitivity and specificity of the PCR, (0 of the amplification

. pants.)
reaction products were electrophoresed through agarose gels, transferred to "We categorized the HPV genotyping results according to whether or not the

lon .membranes, and hybr'idized with oligonucleotide probes. These probes WR{&e contained any HPV DNA and, among those with HPV DNA, whether a
derived from sequences intenal to the consensus primer (3d)sSpecimens g risk type (types 16, 18, and 31/33/35) was detected or whether only low-
positive for the HPV L1 consensus probes were then typed by sequential Ry types (types 6 and 11) were detected. Thus, a person categorized aéhavir
bridizations with probes for HPV types 6, 11, 16, 18, 31, 33, an@@33.Inall 5 high-risk HPV DNA type detected in his or her tissue may also havg_:had
analyses, probes for HPV type 31 DNA, HPV type 33 DNA, and HPV type 3@,y.risk HPV DNA type detected, whereas a person categorized as [gaving
DNA were combined in a single “cocktail” due to their expected infrequenjow-risk HPV DNA detected in his or her tissue only had low-risk HPV DRA
occurrence; in this article we refer to this HPV type as HPV 31/33/35. DNfietected. Since multiple tumor specimens were available for many cases, we
samples from case and control subjects were included in random sequence wigBifsidered a case subject's tumor specimen to be positive for a particulat HPV
each genotyping batch and blinded as to participant characteristics (e.g., cCagendA type if any of the specimens were positive for that type. In some instamces,
control subject status, interview data). For genotyping of DNA from tumahe HPV DNA type was unknown because we were able to amplify the L1 iggion
tissue, the laboratory technicians were blinded to the characteristics of the o@i consensus primers but did not observe hybridization with L1 region @pe-
subjects. specific primers. 8

We used an antibody capture enzyme-linked immunosorbent assay (ELISA) t¢or each participant's serum sample, we calculated an ELISA value &8s the
test sera from case and control subjects for antibody response to capsids (@if$erence between the mean of the log-transformed OD readings of theth%e tes
known as virus-like particles) made from conformationally correct HPV type 8ells and the mean of the log-transformed OD readings of the three blank'gvells.
L1 protein. Briefly, we used a vaccinia virus expression system to produce HRg transformation was used to reduce the influence of extreme OD readifgs or
type 16 L1 proteins that self-assemble into capsids. Ninety-six-well ELIS#the computation of ELISA values. The cutoff point for the ELISA values@vas
plates (Dynatech Immulon 2 HB; Dynex Technologies, Chantilly, VA) werealculated from the sera of 25 college-aged women with no history of %xual
coated with monoclonal antibody H16V5 raised against the HPV type 16 cagetivity and without evidence of genital HPV infection by PCR. The ELISA
sids. The monoclonal antibody was provided by N. Christensen, Milton S. Herlues were scored as positive if they exceeded the ELISA value plu§ two
shey Medical Center, Hershey, PA. The coated test wells contained HPV typesi#ndard deviations [-0.0604 + (2 x 0.1347)] calculated from the sera of gie 25
capsids diluted in blocking solution (5% goat serum, 0.05% Tween 20 in PB8)pmen. This method of cutoff-point determination was based on the assumption
while coated blank wells contained blocking solution without capsids. For eattiat the respective distributions of ELISA values for infected and uninf%ted
case and control subject, serum was diluted 1/100 in blocking solution amt 50 persons overlap and are normally distributed, and that overlapping distribgtions
was added to three test wells and three blank wells. Plates were incubatedilitmisclassify about 5% of uninfected women as infected. 3
37°C for 1 hour and washed with PBS. Goat anti-human immunoglobulin GWe used standard methods for the statistical analysis of case—control %udie
with conjugated alkaline phosphatase (Boehringer Mannheim Corp., Indianaf22). The odds ratio (OR) for the association between oral cancer risk and f&ctors
lis, IN) was diluted in blocker and added to the wells, and plates were incubat@twter study was estimated using unconditional logistic regression. Ninety-five
at 37 °C for 1 hour. After washing with PBS, the plates were developed in tpercent confidence intervals (Cls) were calculated using the standard errogs fron
dark at room temperature for 30 minutes by adding phosphatase substratthéncorresponding logistic regression models and the normal approximati&n. All
buffer. The optical density (OD) was read at 405 nm on an automated plaégportedP values were two-sided. Unless otherwise stated, ORs presenfed are
reader. adjusted for age, cigarette smoking (continuous pack-years), alcohol cor&ump

Previously unthawed serum aliquots from case and control subjects wéom (continuous average number of alcoholic beverages consumed/weekgduring
provided to the laboratory in random order, blinded as to participant charactifietime), and sex (in analyses combining males and females). Analyses inwhich
istics (e.g., case or control subject, interview data, HPV genotyping results), amel adjusted for cigarette smoking and alcohol consumption using other ipdices
analyzed using a single batch of HPV capsids, monoclonal antibodies, aidhese behaviors (e.g., current, past, or never cigarette smoking) yieId@ very
plates. Each plate also contained quality-control aliquots consisting of pooksthilar results. Additional adjustment for race or measures of socioeco@mic
sera previously observed to produce high values for antibody response to Hitstus (income and education) did not affect the results. In examining ag3ocia
16 capsids. Plates also contained sera from a series of 25 college-aged watios with antibody response to HPV type 16 capsids, we began by comparing
from the University of Washington, Seattle, who reported no history of sexude ELISA values between case and control subjects using nonparametric mett
activity and had no evidence of genital HPV infection as determined by PC&ds because the distributions were not normal. We then estimated the OR asst
The ELISA results from this population were used to define seropositiség ( ciated with seropositivity for all case subjects combined as well as separately for
below). case subjects according to HPV DNA type found in tumor tissue (any HPV type

We tested DNA extracted from exfoliated oral cells for 257 of 265 casks DNA, only HPV type 6 or 11 DNA, or no HPV DNA) and tumor site (tongue,
subjects and 461 of 468 control subjects who provided these specimens tmils, or floor of mouth).
tumor blocks from 262 (87.3%) of the 300 case subjects for whom blocks wereTo determine whether the association between antibody response to HPV typ
obtained. We were able to amplify thg-globin gene fragment from DNA 16 capsids and oral cancer was modified by either cigarette smoking or alcoho
extracted from exfoliated oral cells of 237 (92.2%) of 257 case subjects and 48%, we used the approach described by Rothf8ajto create indicator vari-
(94.4%) of 461 control subjects tested and from at least one block of the primatyles representing the combination of these factors. From logistic regressior
tumors of 253 (96.6%) of 262 case subjects tested. HPV genotyping resultsrfazdels containing these indicator variables as well as covariates, we calculate
tumors of five of the 253 case subjects were excluded because only tisghue Synergy Index (S)83) to quantify the joint association of antibody response
samples from metastases were available for testing, leaving 248 tumors tibHPV type 16 capsids and either smoking or alcohol consumption with oral
statistical analyses. HPV type 16 capsid antibody response results were availaehieer risk. Values of S that are greater than 1 are consistent with statistica
for 259 case subjects and 446 control subjects. interaction on an additive scale. That is, the combination of two causal factors in
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some persons in the population results in the development of more caseghse groups, the risk was highest among those persons who hé
disease than pr_edi_ct_ed based on the sum of the added risks ass_ocia_ted é!Ykaed greater than or equal to 20 pack-years. The risk of ora
exposure to the individual factors. We computed 95% Cls on S by estimating t5'%ncer increased with increasing levels of alcohol consumption.
variances and covariances of the fitted coefficients of the indicator variables ah 3 . . L
applying formulas developed by Hosmer and Lemesk@4). The risk of oral cancer associated with the combination of heavy
smoking (=20 pack-years) and heavy drinkingl1b drinks/
week) was approximately 11-fold, exceeding that predicted
Case and control subjects were similar with respect to ralbased on the sum of these factors alone (Table 1). Among men
(Table 1). Low income, but not education, was strongly assogirior smokeless tobacco use was similar between case and col
ated with oral cancer after adjustment for cigarette smoking atrdl subjects (6.7% and 5.6%, respectively) (&R1.0; 95% CI
alcohol use. Risk was increased to a greater extent among car9.4—2.3). Only one female (a control subject) reported smoke-
rent cigarette smokers than among past cigarette smokers; witless tobacco use.

REsuLTS

Table 1. Demographic characteristics, cigarette smoking, and alcohol consumption among oral cancer case subjects and control subjects,
total and stratified by sex

Males Females Total o
(]
Case Control Case Control Case Control §
subjects, %  subjects, %  subjects, %  subjects, %  subjects, %  subjects, % OR* o]
(0]
Characteristic (n = 165) (n= 302) (n= 119) (n= 175) (n= 284) (n= 477) (95% Cl) =
(]
Age, y 3
18-39 8.5 9.6 5.0 10.3 7.0 9.9 — =
40-49 25.5 27.2 11.8 15.4 19.7 22.9 — B
50-59 38.2 33.8 395 36.0 38.7 34.6 - 5
60-65 27.9 29.5 43.7 38.2 34.5 32.7 — 8
Race g
Whitet 91.5 92.7 95.8 94.9 93.3 93.5 10 — &
African-American 4.9 2.3 1.7 3.4 3.5 2.7 1.2 (0.5—3%)
Other 3.6 5.0 25 1.7 2.9 3.8 1.0 (0.4—2._0)
Highest level of school attended g
Graduate school 10.3 17.6 7.6 13.1 9.2 15.9 1.0 (0.6-3:7)
Colleget 38.8 54.6 42.9 42.9 40.5 50.3 1.0 — 2
Technical school 8.5 6.3 6.7 4.6 7.8 5.7 1.4 (0.7-26)
High school or less 42.4 21.5 42.8 39.4 42.6 28.1 1.3 (0.9—%9)
Annual household income g
<$15000 18.8 5.0 235 5.1 20.8 5.0 4.2 (2.2-83)
$15000-$29 999 21.2 14.6 27.7 30.3 23.9 20.3 1.5(0.9-2.5)
$30 000-$44 999 26.1 22.9 25.2 26.3 25.7 24.1 1.5(0.9-2.5)
$45 000-$59 999 14.6 26.8 14.2 17.7 145 235 1.0 (0.6-2.8)
=$60 0001 17.6 29.1 6.7 17.7 13.0 25.0 10 — >
Refused/unknown 1.8 1.7 2.5 2.8 2.1 2.1 — §
Cigarette smoking+ 3
Nevert 15.2 31.3 18.8 50.3 16.7 38.3 10 — @
Past: 1-19 pack-years 10.9 24.7 7.7 24.6 9.6 24.6 0.9 (0.5-1.6p
Past:=20 pack-years 17.0 19.0 13.7 5.1 15.6 13.9 2.5 (1.5—4.3%
Current: 1-19 pack-years 3.6 3.3 7.7 6.9 5.3 4.6 2.2 (1.0—4.5)2*
Current: =20 pack-years 53.3 21.7 52.1 131 52.8 18.5 5.5(3.5-8.6p
Alcoholic beverage consumption§ ©
<1 drinks/wkt 10.3 15.2 24.4 49.7 16.2 27.9 10 — &
1-7 drinks/wk 21.8 45.0 42.0 40.6 30.3 43.4 1.1 (0.7-1.8¢%
8-14 drinks/wk 16.4 17.2 16.8 5.7 16.6 13.0 1.7 (1.0-3.1
15-29 drinks/wk 17.6 13.9 12.4 1.7 155 9.4 2.1 (1.2-4.0)R
=30 drinks/wk 33.9 8.6 4.2 2.3 215 6.3 4.0 (2.1-7.7)
Cigarette smoking$ and alcohol
beverage consumption§ combined
<20 pack-years, <15 drinks/wkt 23.6 49.7 31.6 80.0 27.0 60.8 1.0 —
<20 pack-years=15 drinks/wk 6.1 9.7 2.6 1.7 4.6 6.7 1.9 (0.9-4.0)
=20 pack-years, <15 drinks/wk 24.9 27.7 51.3 16.0 35.8 234 4.0 (2.7-5.9)
=20 pack-yearsz15 drinks/wk 45.5 13.0 145 2.3 32.6 9.1 11.2 (6.9-18.1)

*Odds ratios (ORs) are computed for males and females combined. ORs for education and income are adjusted for age (continuous), sex, pack-years of
smoking (continuous), and average number of alcoholic beverages per week (continuous); ORs for pack-years of cigarette smoking are adjusted for age (cont
sex, and average number of alcoholic beverages per week (continuous); ORs for average number of alcoholic beverages per week are adjusted for age (cor
sex, and pack-years of cigarette smoking (continuous); ORs for cigarette and alcohol consumption combined are adjusted for age (continuous) and sex.

tReference group for OR calculation. For cigarette smoking and alcohol consumption, the reference groups are those with the lowest level.df@xposu
demographic characteristics, the category with the highest frequency among control subjects was chosen as the reference group.

$Excludes two case subjects and two control subjects for whom pack-years of cigarette smoking could not be determined.

8Average alcohol consumption over lifetime.
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HPV DNA was detected in 25.8% (64 of 248) of the tumora&stomen who reported having ever performed oral sex on an
of the case subjects for whom we obtained and successfudlyposite sex partner. Among both men and women with greate
tested specimens. The subset of tumors from interviewed c#isan or equal to five oral sex partners, however, the ORs were
subjects had a similar prevalence of HPV DNA in tumors (5&eakly elevated (although not statistically significant) (Table 2).
[27.4%] of 212). Forty-three (67.2%) of 64 of the HPV DNA-Among males, a higher proportion of case subjects comparec
positive tumors contained a high-risk HPV type; 41 (95.3%) afith control subjects reported a history of one or more homo-
the 43 tumors with high-risk HPV DNA types contained HP\&exual relationships (4.2% versus 2.7%), but there was no assc
type 16 DNA either alone or with another HPV DNA typegiation following adjustment for age, cigarette smoking, and
whereas two (4.7%) contained only HPV type 18 DNA. Thuslcohol consumption (OR= 1.0; 95% Cl= 0.3-3.4). A history
the overall prevalence of HPV type 16 DNA was 16.5% (41 aif genital warts was more often reported by male case subject:
248 tested). The prevalence of HPV type 16 DNA was similar than male control subjects, leading to an approximately twofold
males and females (Fig. 1, A). HPV 16 DNA, but not HPV typ©R following adjustment for cigarette smoking and alcohol use.
6 or type 11 DNA, was more common in case subjects less thBlmere was no association with genital warts among females.
50 years of age at diagnosis than case subjects greater thaRaur case subjects (1.4%) and three control subjects (0.6%
equal to 50 years of age at diagnosis (Fig. 1, B). HPV type Iéported a history of oral warts (OR 1.6; 95% Cl= 0.3-8.6).
DNA was detected more frequently in tonsillar carcinomagarticularly among men, the ORs in Table 2 were substangally
(34.1%) and oropharyngeal carcinomas (36.4%) compared wlthver than the ORs adjusted only for age, indicating that %ese
other sites with sufficient numbers for separate analysis (<15%jtown oral cancer risk factors were important confoundersg For
this difference was not observed for HPV type 6 or type 11 DNé&xample, the age-adjusted OR for the association with a h@tory
(Fig. 1, C). Although the mean age of patients with tonsillar @f greater than or equal to 15 lifetime opposite sex partnergwas
oropharyngeal carcinomas (53.6 years) was similar to that 84 (95% Cl= 2.1-5.8) compared with 2.3 (95% & 1.1-5.0
other sites (54.6 years), a greater proportion of patients withllowing adjustment for age, cigarette smoking, and alcghol
tonsillar/oropharyngeal carcinoma were less than 50 years of agpasumption. %
(33.9% and 22.4%, respectively). For both sexes combined, the associations with sexual history

Among males, the age-, smoking-, and alcohol consumptiomere strongest for tumors containing HPV type 16 DNA. onr
adjusted risk of oral cancer increased with decreasing age at fesample, for greater than or equal to 15 sex partners (compare
regular intercourse and increased with increasing number of eyith <15 partners), the OR for case subjects whose tumorscon
posite sex partners (Table 2). These patterns were not stmned HPV type 16 DNA was 2.5 (95% G 1.1-5.6), where&s
among women (Table 2). ORs were not increased among merilee OR was 0.9 (95% CE 0.2-4.3) for case subjects v@h
tumors containing HPV type 6 gr
type 11 DNA and 1.2 (95% Ck2
0.7-2.2) for case subjects Whosegu—
mors did not contain HPV DNZA
Similarly, for a history of greater
than or equal to five oral sex partn@s,
the ORs for case subjects with HRV
type 16 DNA, HPV type 6 or type £
DNA, and no HPV DNA in tumorg

1 1 A were 2.1 (95% Cl= 0.9-4.9), 0.3
o e oo (95% Cl = 0.03-3.5), and 0.9 (9586
Cl = 0.5-1.7), respectively. 2‘

50 - The prevalence of HPV DNA in
exfoliated oral tissue was similar n
case and control subjects (9.3% \&r-
sus 9.2%, respectively) (Table 3).
Compared with control subjeciE’s,
HPV DNA detected in exfoliated oral
tissue from case subjects was slightly
5% more likely to be of type 16, 18, or

: N : 31/33/35. However, there was no as-
Retromolar Tongue Cheek/Gum Tonsil Oropharynx Palate Floor of Mouth . . .

(n=13) (n=108) (n=18) (n=44) (n=11) (n=12) (n=35) sociation between oral cancer risk
and detection of high-risk HPV types
Fig. 1. Prevalence of human papillomavirus (HPV) DNA in tumor tissue of oral cancer case subjeBissex; 1N €xfoliated oral tissue (Table 3).

B) by age at diagnosis; ar@) by tumor site. Gray bars= total HPV DNA; black bars= HPV type 16 DNA; Case subjects were more likely
and hatched bars: HPV type 6 or type 11 DNA. Includes interviewed and noninterviewed case subjects. Hf\an control subjects to have high
type 16 DNA tumors (n= 41) included 31 tumors Wit_h only HPV type 16 DNA and 10 tumqrs with HPV P& ISA values in the HPV type 16
16 DNA and one or more other HPV types (seven with HPV type 6 or type 11 DNA, one with HPV type 11 and_ . . .

HPV type 31/33/35 DNA, one with HPV type 6 DNA and an unknown HPV DNA type, and one with unknoﬁﬁpSId assay (Flg' 2) (WI|COX0n rank
HPV DNA type). Two tumors contained only HPV DNA that could not be classified as to a specific type. 198tN test:Z = 4.64; P<.0001). Ap-
included in C are two tumors arising in the uvula and two tumors for which the site was unknown. proximately one half of the case sub-

50

4t

Percent
Percent

40 -

30 -

Percent

20 -
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Table 2. Sexual history among oral cancer case subjects and control subjects stratified by sex

Males Females
Case Control Case Control
subjects, % subjects, % subjects, % subjects, %
Characteristic (n = 154) (n= 294) OR* (95% ClI) (n = 112) (n= 171) OR* (95% CI)
Age at first regular sexual intercourse, y
=25t 7.8 20.1 1.0 10.7 11.2 10 —
20-24 38.3 44.9 1.7 (0.8-3.5) 46.4 41.2 1.3(0.5-3.3)
18-19 20.1 20.4 1.6 (0.7-3.7) 28.6 31.2 0.6 (0.2-1.7)
<18 33.8 14.3 3.4(1.5-7.5) 14.3 16.5 0.7 (0.2-2.1)
Refused/unknown 0.0 0.3 — 0.0 0.0 —
Lifetime number of opposite sex partners
1t 7.8 20.8 1.0 — 33.9 38.6 1.0 —
2-4 14.9 21.8 1.3 (0.6-2.0) 28.6 32.2 0.7 (0.4-1.5)
5-14 29.9 31.3 1.5(0.7-3.1) 31.3 24.0 0.9 (0.4-2.0)
=15 47.4 26.2 2.3(1.1-5.0) 5.4 5.3 1.0 (0.3-3.8)
Refused/unknown 0.0 0.0 — 0.0 0.0 — g
Ever performed oral sex on opposite sex partner S
Not 26.6 30.6 10 — 49.1 39.8 1.0 — e
Yes 73.4 68.7 1.2 (0.7-2.8) 49.1 60.2 0.7 (0.4-1.28
Refused/unknown 0.0 0.7 — 1.8 0.0 — =
Lifetime number of opposite sex oral sex partners g
Nonet 26.6 30.8 1.0 — 49.1 39.8 1.0 — =
1 21.4 26.7 0.8 (0.6-2.1) 223 33.9 0.6 (0.3-1.35
2-4 22.7 19.9 0.9 (0.6-2.2) 18.8 21.6 0.6 (0.3-1. 4}”Q
=5 29.2 22.3 1.4 (0.8-2.6) 7.1 4.7 1.4 (0.4-5.28
Refused/unknown 0.0 0.3 — 2.7 0.0 — 2
Prior diagnosis of genital warts %_
Not 87.7 95.6 1.0 — 90.8 93.0 1.0 — g
Yes 12.3 4.4 2.2 (1.0-4.9) 9.2 6.4 0.7(0.3-2.25
Refused/unknown 0.0 0.0 — 0.0 0.6 — 9

*Qdds ratios (ORs) are adjusted for age (continuous), pack-years cigarette smoking (continuous), and average number of alcoholic bevera@s pe
(continuous) See"Patients and Methods” for details on numbers of case and control subjects excluded from these analyses.

m

tReference group for OR calculation. %

o

g

Table 3. Oral cancer risk in relation to detection of human papillomavirus (HPV) DNA in exfoliated oral tissue N}

Case subjects, % Control subjects, % 3

- (2]

HPV DNA (n = 237) (n = 435) OR* (95% CI%

o

Nonet 90.7 90.8 1.0 — &

Anyt 9.3 9.2 0.9 (0.5-1. 6

HPV types 6 or 11 25 4.4 0.5(0.2-1 f?

HPV type 16, type 18, type 31/33/35 5.9 4.1 1.3 (0.6- 9)

*Odds ratios (ORs) are based on interviewed case and control subjects from whom exfoliated oral tissue was obtained and tested. ORs are adgjsted
(continuous), sex, pack-years of cigarette smoking (continuous), and average number of alcoholic beverages per week (continuous). 5‘

tReference group for OR calculation.

THPV DNA was detected in exfoliated oral tissue from 22 case subjects and 40 control subjects. The specific HPV type could not be determmed%r twe
subjects and three control subjects. Thus, the proportion of subjects with HPV types 6, 11, 16, 18, or 31/33/35 (8.4% of case subjects, 8.5% of contr@sub}n
lower than the proportion of subjects with any HPV DNA detected. IN

jects compared with one third of the control subjects were sdiagnosis or beyond that time (data not shown). Twenty-six
ropositive for antibody response to HPV type 16 capsids €OR (70.3%) of the 37 interviewed case subjects whose tumors con
2.3; 95% Cl= 1.6-3.3) (Table 4). There was little evidence ofained HPV type 16 DNA exhibited antibody response to HPV
confounding by cigarette smoking and alcohol consumption; thge 16 capsids; the OR for this subset of case subjects was 6.
OR adjusted for age and sex alone was 2.1 (95%1.5-2.8). (95% CIl = 3.0-15.2) (Table 4). The association with HPV type
The association was similar among males (8R2.2; 95% CI 16 DNA-containing tumors was similar for persons less than 50
= 1.4-3.4) and females (OR 2.5; 95% Cl= 1.4-4.5) and years of age (OR= 5.6; 95% Cl = 1.7-18.9) and persons
among persons less than 50 years of age €OR.6; 95% Cl=  greater than or equal to 50 years of age (8R/.6; 95% Cl=
1.4-4.9) and persons greater than or equal to 50 years of age @4R-24.0). In contrast, there was no association between anti
= 2.2; 95% Cl= 1.4-3.3). The OR did not vary according tdbody response to HPV type 16 capsids and oral cancer amon
whether a case subject had blood drawn within 8 months thie 15 interviewed case subjects whose tumors contained onl
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cigarette smoking, and alcohol use.
12 The ORs for HPV type 16 capsid an-
tibody response and oral cancer were
essentially unchanged (data not
10 1 shown).

Table 5 shows the results of analy-
ses of the joint relationship between
antibody response to HPV type 16
capsids and cigarette smoking and al-
cohol consumption. Relative to per-
sons who were not current smokers
and did not have evidence of anti-
body response to HPV type 16
capsids, the risk of oral cancer was
approximately eightfold among
persons who were both current
smokers and were seropositive. £he
association with the combined exéo-
sure was more than expected Sz
2.6) based on the sum of the assajsia—
tions between current smokiag
(OR = 3.2) and antibody resporise
ELISA Value alone (OR= 1.7). The effect modi:
fication between HPV antibody rig-
Fig. 2. Distribution of oral cancer case and control subjects by enzyme-linked immunosorbent assay (Euﬁﬁ)nse and either heavy smok&g
e e s o e o T o o ani 2, Pack-years) or heavy slcoBol
category isgcomputed separatel)(j for case and cgontrol subjects. The EI!ISA value that definez tf?e cutoff poi\HPngaS less strong (S 1.5). Whe@

seropositivity was 0.2095ee"Patients and Methods” for the definition of ELISA value and determination oF'.eaVy alcohol consumers and qur@nt
cutoff for seropositivity. cigarette smokers were conside?ed

together, the strength of the efféct
modification with antibody respon?g_e
HPV type 6 or 11 DNA. The OR for the 139 interviewed caswas similar to that between current smoking and antibodg re-
subjects whose tumors did not contain HPV DNA was 2.5 (95%ponse. Q
Cl = 1.6-3.8). Seropositivity to HPV type 16 capsids was not HPV genotyping results from both tumor tissue and ex%li-
associated with carcinomas of the floor of the mouth=(r88; ated oral tissue were available for 179 case subjects. We fount
OR = 1.1; 95% Cl= 0.5-2.5) but was associated with carciHPV DNA in both types of tissue for four (2.2%) case subjécts
nomas of the tongue (& 107; OR= 2.4; 95% Cl= 1.5-3.8) and did not detect HPV DNA in either type of tissue for £15
and tonsils (n= 49; OR = 3.9; 95% Cl= 2.0-7.8). (64.2%) case subjects. Among the 127 (70.9%) case subje&ls fc
To assess whether the associations observed with antibeghom no HPV DNA was detected in tumor tissue, we detected
response to HPV type 16 capsids were due to sexual transni&V DNA in the exfoliated oral tissue samples of 12 (9.4%)
sion of HPV infection, we repeated the analyses above by itase subjects. We detected HPV DNA in the tumor tissue 8f 48
cluding terms for age at first intercourse or number of sexug9.4%) of the 163 case subjects for whom no HPV DNA Svas
partners in the logistic regression models in addition to sex, agetected in the exfoliated oral tissue. Among the four case:s for

Proportion

d

Table 4. Risk of oral cancer associated with human papillomavirus (HPV) type 16 capsid antibody response, total and stratified by tumor HPV DN\;A stat

_ N
Case subjects, %*
Control subjects, %* Totalt HPV16 DNA HPV types 6 or 11 DNA No HPV DNA
Antibody response (n = 446) (n= 259) (n= 37) (n = 15) (n = 139)
Negativef 65.0 48.7 24.3 66.7 47.5
Positive 35.0 51.4 75.7 33.3 52.5
ORS (95% ClI) 1.0 — 2.3(1.6-3.3) 6.8 (3.0—15.2) 1.2 (0.4-3.8) 2.5(1.6-3.8)

*Percentages are based on column totals.

TSixty-eight case patients are included in total results but not included in results by HPV DNA status due to: no tumor specimens obt&8gdspecimens
obtained but only tissue from metastases available=(8), specimens obtained but not analyzed by conclusion of study @8), specimens analyzed but none
positive for3-globin gene fragment (&= 2), and specimen obtained and tested but positive for HPV DNA other than types 6, 11, o=18)(n

FReference group for OR calculation.

80dds ratios (ORs) associated with positive antibody response to HPV type 16 capsids, adjusted for age (continuous), sex, pack-years of cigarette smoking
and average number of alcoholic beverages per week (continuous).
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Table 5. Risk of oral cancer associated with human papillomavirus (HPV) type 16 capsid antibody response according to cigarette smoking and
alcohol consumption

Case subjects, % Control subjects, %
Antibody response Risk factor (n = 259) (n = 446) OR* (95% CI) St (95% ClI)
Current cigarette smoking
Negative Not currentt 22.0 49.8 10 — 2.6 (1.3-5.0)
Current 26.6 15.2 3.2(2.0-5.2)
Positive Not current 20.1 28.0 1.7 (1.1-2.6)
Current 31.3 7.0 8.5 (5.1-14.4)
Pack-years cigarette smoking
Negative <20 pack-yearst 13.2 43.9 1.0 — 1.5(0.9-2.6)
=20 pack-years 35.5 21.2 5.6 (3.4-9.3)
Positive <20 pack-years 185 24.5 2.8(1.7-4.6)
=20 pack-years 32.8 10.4 10.8 (6.2-19.0)
Alcohol consumptior|
Negative <15 drinks/wk¥ 33.2 57.0 1.0 — 15 (0.6—3.@
=15 drinks/wk 154 8.1 2.0(1.1-3.6) =
Positive <15 drinks/wk 30.1 27.1 2.3(1.5-3.4) %
=15 drinks/wk 21.2 7.9 4.4 (2.5-7.6) 2
Cigarette smoking and alcohol consumptiof g
Negative Not current smoking or <15 drinks/wki 37.1 61.0 1.0 — 2.4 (0.9—6.@3
Current smoking and=15 drinks/wk 11.6 4.0 5.8 (3.0-11.1) =
Positive Not current smoking or <15 drinks/wk 35.5 32.7 2.0(1.4-2.8) g
Current smoking and=15 drinks/wk 15.8 2.2 15.0 (7.1-31.8) 2
)
[¢]

*All odds ratios (ORs) are based on interviewed case and control subjects for whom blood specimens were obtained and tested and are adjﬁsted
(continuous) and sex. ORs for joint association of HPV type 16 capsid antibody response and current smoking or pack-years of smoking are also adjustgd for.
number of alcoholic beverages per week (continuous). ORs for joint association of HPV type 16 capsid antibody response and alcohol consumption aré‘also c
for pack-years of cigarette smoking (continuous) _c

tSynergy Index (S)33) defined as (OR— 1)/(OR, + OR, — 2). OR, measures the association between oral cancer risk and the combination of two e)g)osur
(e.g., current cigarette smoking and antibody response to HPV capsids), whilardROR measure the association between oral cancer risk and each>of the
individual exposures in the absence of the other (e.g., current smoking but no antibody response to HPV capsids, and antibody response to Hit\hmﬁpsids

current smoking). OR OR,, and OR are calculated relative to persons without either exposure (e.g., no antibody response to HPV capsids and not currerﬂ;smol
¥Reference group for OR calculation.

§Excludes two control subjects for whom pack-years of cigarette smoking could not be determined.

|Average alcohol consumption over lifetime.

Z9 L/12/06/3101H

whom results from the exfoliated oral cancer tissue amdsults, case subjects were not more likely than control subjeg;ts 1
tumor tissue both indicated the presence of HPV DNA, thrémve HPV DNA in normal exfoliated oral tissue. o
subjects had HPV type 16 DNA in the tumor tissue and two of These findings must be interpreted in the context of the @m—
these had HPV type 16 DNA in the exfoliated oral tissutions of our study. A large proportion of eligible case @nd
samples, whereas the third had HPV type 6 DNA. A fourth casentrol subjects did not participate in the study. Among the‘ﬁ-;:ase
had HPV type 11 DNA in the tumor tissue, but the DNA in theubjects, death prior to recruitment was a major reason for n@qpar
exfoliated oral tissue was not one of the specific types for whidicipation, but the prevalence of HPV DNA in oral tumors ofin-

we probed. terviewed case subjects was very similar to the overall prevdfenc:
that included eligible case subjects who died prior to recruitfaent.
DiscussioN Our results may also have been affected to the extent that ar§bod

response to HPV type 16 capsids was differentially associated witt
In this population-based study, we found that 16.5% (41 phrticipation among case and control subjects. That association
248) of oral SCCs contained HPV type 16 DNA. Case subjeatsth HPV type 16 capsid antibody response were not confoundec
were more likely than control subjects to have serologic antly cigarette and alcohol consumption raises the possibility that
body response to the HPV type 16 capsids. This association waslerreporting of these behaviors may have impeded our ability tc
not confounded by cigarette smoking and alcohol consumptiadjust for differences between case subjects and control subjects |
and was similar for males and females and for younger and oldiegse established oral cancer risk factors. However, the strong as
persons. The approximately sevenfold increased risk of HRciations we observed between oral cancer risk and both cigarett
type 16 DNA-containing tumors associated witlsmoking and alcohol use as well as the interaction between thes
antibody response to HPV type 16 capsids and the absence ofaators suggest that any residual confounding is likely to be small
association of antibody response with HPV type 6 or type 11 DN&nd unlikely to account for our findings.
containing tumors (although based on small numbers) support theAlthough molecular detection of viral DNA sequences is the
hypothesis that oral SCCs containing HPV type 16 DNA may arigeld standard for determining HPV infection, it has several limi-
as a result of past HPV16 infection. In contrast to our serologiations when comparing case subjects and control subjects in th
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present study. First, because oral HPV infection tends to betics, exposure to HPV, tobacco, alcohol, and betel quid, anc
focal, excision of a malignant lesion is likely to remove the oraxpression and mutation of p53 and other candidate tumor sup
tissue harboring HPV DNA. This likely explains the poor corpressor genes (e.g., p16, pRb) are needed to clarify the join
relation we observed between the detection of HPV DNA icontributions of known oral carcinogens and HPV infection to
tumor tissue and the exfoliated oral tissue among case subjectal cancer risk in various populations.
Second, studies have suggested that as yet unidentified compothe reported detection of HPV DNA in oral carcinoma by
nents of saliva can inhibit PCR assd$®). Third, the detection PCR varies widely(23,25,47-51).0ur results are similar to
of viral DNA in normal tissue is likely to be a poor measure ofeveral U.S. studies reporting prevalences between 20% an
the cumulative effects of a past infection. Finally, we did nd0% (23,25,50)ut differ substantially from other investigations
obtain exfoliated oral tissue from several sites, such as the témat found HPV DNA in more than three quarters of the tumors
sils, at which tumors with HPV DNA tended to occur. We therg47-49,51).Variation among these series could be due to het-
fore incorporated a serologic approach to classify case and cemsgeneity in tumor sites studied or the extent to which patients
trol subjects with respect to past HPV infection status. Amomgere exposed to potent oral carcinogddg,51).In addition,
young women, serologic antibody response to HPV type ®€udies such as ours based on paraffin-embedded tissue me
capsids is associated with increased sexual actf@®yand can underestimate the proportion of tumors containing HPV DNA
be detected in 93% of individuals at 12 months following théue to degradation of specimef&2). The twofold associatian
first detection of a prevalent genital HPV type 16 infection amde observed between antibody response to HPV type 16 c%psid
67% of individuals at 18 months following an incident HPV typand the risk of oral cancers lacking HPV DNA could be dug, in
16 infection(37,38).In contrast, HPV type 16 capsid antibodywhole or in part, to the inclusion of some tumors in that g@up
response is absent or minimal among young women withdhat were truly HPV positive. On the other hand, since wegdid
genital HPV type 16 infectio{37). Additionally, prospective not sequence PCR products, we also cannot exclude the poss
and cross-sectional studies have observed increased risks of oitity of false-positive resultg51). With the use of the sarge
vical neoplasia and other anogenital carcinomas among persordecular methods on similar archival specimens, howeveg WE
exhibiting serologic response to HPV type 16 capgis-42). found HPV DNA in more than 70% of invasive cervical cagm-
Taken together, these data strongly suggest that serologic amtimas and vulvar carcinomas situ from women living in thg
body response to HPV type 16 capsids is a marker of persisteaime geographic ar€d1,53).Taken together, our data suggest
genital HPV type 16 infection and can be useful for epidemidhat if HPV is an oral carcinogen it contributes to a much srr@ller
logic studies of cancer risk in settings where viral genotyping fgoportion of oral carcinomas than anogenital carcinomas i§ our
not possible or is not likely to capture the relevant aspects pdpulation, primarily or perhaps entirely in combination \eqh
exposure to HP\(39). Nonetheless, we do not know the extentigarette smoking.
to which an antibody response to HPV type 16 capsids resultsOur population-based results bolster the impression dE?IVGC
from oral HPV infection nor can we exclude the possibility thadtom hospital-based series that tonsillar carcinomas are pwtlcu
the antibody response we detected resulted from acquisitionlamty likely to harbor HPV type 16 DNA25,54).Consistent wn@
reactivation of the virus following the development of canceghe high prevalence of HPV type 16 DNA, we observed that
and/or treatment. Long-term prospective studies on the natuasillar carcinomas had the strongest association with ser@ogi(
history of antibody response to HPV type 16 capsids in relati@vidence of HPV type 16 infection in our study. A limitatioryof
to molecular evidence of both genital and oral HPV infection athis finding is that up to 50% of young to middle-aged per%‘)ns
needed to refine the interpretation of these results. in our geographic area have had their tonsils remd&&d anda
Cigarette smoking and alcohol consumption are the majee did not ascertain which of our control subjects had iftact
causes of oral SCC in the United Stafdg). If HPV type 16 tonsils. Thus, if having intact tonsils is directly related to I—‘QDV
contributes to the development of oral cancer, it likely does $gpe 16 capsid antibody response, we may have overestlﬁqate
primarily through mechanisms that involve one or both of the$lee association between tonsillar carcinoma and seroposﬁiwty
factors. Our data are consistent with this prediction in that tihes in previous studies of HPV in tonsillar carcinom@s,54);
combination of current cigarette smoking and HPV type 16 sere also did not determine whether viral gene sequencesgwere
ropositivity was associated with additional cases of oral candeund in the epithelial or lymphatic tissue. If the HPV DNASis
beyond what would be expected by summing the risks assdeirgely or entirely localized in lymphatic tissue, a causal roké in
ated with smoking and HPV type 16 seropositivity alone. Alonsillar carcinoma would be less likely. Arguing against this
though our study was not designed to elucidate specific moledimitation, however, is that the excess HPV DNA prevalence we
lar mechanisms underlying the apparent interaction betwealnserved was specific for HPV type 16 DNA. High-risk HPV
smoking and HPV, it seems unlikely that a shared pathwaycoproteins are expressed and are associated with disrupte
would contribute to the development of oral carcinomas wittell cycle control in tonsillar carcinomd56,57).Thus, seroepi-
tobacco carcinogen-induced inactivating mutations in the p88miologic and molecular evidence is accumulating in support
tumor suppressor gene. The pathogenesis of the substantial pfan etiologic role for HPV type 16 in some tonsillar carcino-
portion of oral carcinomas that lack p53 mutatiqd8), how- mas.
ever, could, in some instances, involve cell cycle abrogation by Two previous epidemiologic studig48,19) examined the
HPV E6 and E7 oncoproteins enhanced through other tobacassociation between HPV and oral cancer risk. In a study among
induced mechanisms, such as inhibition of apoptosis by nicotimales Maden et a(18) found sixfold and threefold associations
(44—46)or mutations in other tumor suppressor genes. Molecbetween oral cancer and detection of HPV type 16 DNA and
lar epidemiologic andn vitro studies examining cell cycle ki- HPV type 6 DNA, respectively, in exfoliated oral tissue. The
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present study used the same protocol for oral tissue collectiearliest stages of oral malignancy, will be feasible only in a few,
However, in the prior study, only primers directed to sequenckighly selected populations. Documenting a decline in oral can-
in the E6 open-reading frame were used, whereas, in the presamtrates in the setting of HPV vaccine trials would provide the
study, primers directed to sequences in the L1 open-readstgongest possible causal evidence. In the interim, reducing
frame were also used. Thus, the methods we used in this stpdpulation exposure to tobacco, betel quid chewing, and exces
should have been more sensitive than in the previous study, giee alcohol consumption remain the keys to preventing the vas
among males, the prevalence of HPV type 6 DNA was lowenajority of oral carcinomas throughout the world.

than in the prior study (2.0% versus 18.6% for case subjects,
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