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Oral Cancer Risk in Relation to Sexual History and
Evidence of Human Papillomavirus Infection

Stephen M. Schwartz, Janet R. Daling, David R. Doody, Gregory C. Wipf,
Joseph J. Carter, Margaret M. Madeleine, Er-Jia Mao, E. Dawn Fitzgibbons,
Shixuan Huang, Anna Marie Beckmann, James K. McDougall, Denise A. Galloway

Background: Experimental models and analyses of human
tumors suggest that oncogenic, sexually transmittable hu-
man papillomaviruses (HPVs) are etiologic factors in the
development of oral squamous cell carcinoma (SCC). We
conducted a population-based, case–control study to deter-
mine whether the risk of this cancer is related to HPV in-
fection and sexual history factors.Methods:Case subjects (n
= 284) were 18–65-year-old residents of three counties in
western Washington State who were newly diagnosed with
oral SCC from 1990 through 1995. Control subjects (n = 477)
similar in age and sex were selected from the general popu-
lation. Serum samples were tested for HPV type 16 capsid
antibodies. Exfoliated oral tissue collected from case and
control subjects and tumor tissue from case subjects were
tested for HPV DNA. Odds ratios (ORs) were calculated
after adjusting for age, sex, cigarette smoking, and alcohol
consumption.Results:Among males only, oral SCC risk in-
creased with self-reported decreasing age at first inter-
course, increasing number of sex partners, and a history of
genital warts. Approximately 26% of the tumors in case sub-
jects contained HPV DNA; 16.5% of the tumors contained
HPV type 16 DNA. The prevalence of oncogenic HPV types
in exfoliated oral tissue was similar in case and control sub-
jects. The ORs for HPV type 16 capsid seropositivity were
2.3 (95% confidence interval [CI] = 1.6–3.3) for all oral SCCs
and 6.8 (95% CI = 3.0–15.2) for oral SCCs containing HPV
type 16 DNA. The joint association of cigarette smoking and
HPV type 16 capsid seropositivity with oral SCC (OR = 8.5;
95% CI = 5.1–14.4) was stronger than predicted from the
sum of individual associations with current smoking (OR =
3.2; 95% CI = 2.0–5.2) and seropositivity (OR = 1.7; 95% CI
= 1.1–2.6).Conclusions:HPV type 16 infection may contrib-
ute to the development of a small proportion of oral SCCs in
this population, most likely in combination with cigarette
smoking. [J Natl Cancer Inst 1998;90:1626–36]

Human papillomaviruses (HPVs) are small DNA viruses of
which more than 70 different types have been identified based
on DNA sequence variation(1). Genital infection with high-risk
HPV types appears to be a cause of virtually all cases of cervical
neoplasia and probably underlies the development of a substan-
tial proportion of vulvar, vaginal, anal, and penile carcinomas
(1). Mucosatropic HPV strains can infect and cause benign le-

sions in the human upper aerodigestive tract(2), and the possi-
bility that HPVs known to cause genital carcinomas may also
contribute to the pathogenesis of upper aerodigestive tract can-
cers was raised more than a decade ago with initial reports of
cytologic and molecular evidence of HPV infection in oral car-
cinomas (3–5). Accumulating molecular and pathologic evi-
dence has strengthened the hypothesis that HPV infection could
play a role in the etiology of some oral squamous cell carcino-
mas (SCCs)(6–13).

In contrast to cervical and other genital cancers, there are
limited epidemiologic data addressing the relationship between
HPV infection and the development of oral cancer. Several stud-
ies (14–16)have observed a higher prevalence of HPV DNA in
tumors of patients with oral cancer compared with normal tissue
from the same patient or to normal tissue in patients with other
oral conditions, but these investigations lacked a formal epide-
miologic design and analysis. For example, such studies have
not considered either confounding by, or interactions with, to-
bacco and alcohol use, which contribute to the development of
more than 75% of oral cancers in the United States(17).Results
from rigorously designed epidemiologic studies have yielded
conflicting results. In a prior case–control study conducted by
members of our group, the detection of HPV type 6 DNA and
the detection of HPV type 16 DNA in exfoliated oral cavity cells
were both strongly associated with oral cancer risk(18). In con-
trast, a nested case–control study found that serologic antibody
response to the HPV type 16 capsids was not associated with an
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increased risk of oral cancer(19).We report the results of a second
population-based, case–control study testing the hypothesis that
HPV infection is a risk factor for oral squamous cell cancer.

PATIENTS AND METHODS

Subject Eligibility, Identification, and Recruitment

Eligible case subjects were 18–65-year-old male and female residents of King,
Pierce, and Snohomish counties, Washington State, who were diagnosed with
incident histologically confirmed SCC of the oral cavity between 1990 and 1995.
We identified case subjects through the files of the Cancer Surveillance System
(CSS), a participant in the National Cancer Institute’s Surveillance, Epidemiol-
ogy, and End Results (SEER)1 Program. Oral tumors, whetherin situor invasive,
were included if they arose in one of the following sites: tongue, gum, floor of
mouth, other and unspecified part of the mouth, tonsils, or oropharynx. Infor-
mation on age, stage, site, and histologic type was obtained from the files of the
CSS.

Eligible control subjects were 18–65-year-old male and female residents of
King, Pierce, and Snohomish counties, Washington State, between 1990 and
1995 who had no history of oral cancer. We sought three control subjects for
every two case subjects, similar to the sex and age distribution (18–19, 20–24,
25–29, 30–34, 35–39, 40–44, 45–49, 50–54, 55–59, and 60–65 years) of the case
subjects. Potential control subjects were ascertained using random-digit tele-
phone dialing (RDD)(20,21).Briefly, telephone numbers were generated using
equal probability random sampling from among all working telephone prefixes
in the study areas. Each number was called to determine whether or not it was
a residence; numbers that were not answered initially were called again during
the day, evenings, and weekends. When a residence was reached, a household
census was conducted to determine if an individual who was eligible on the basis
of age and county of residence lived in the household. A household census was
conducted for 93.1% of the residences.

To recruit a case subject, we first wrote to his or her follow-up physician. For
case subjects diagnosed prior to 1992, written or verbal approval from the
physician was required to contact each case subject. For case subjects diagnosed
from 1992 onward, written or verbal permission was not required but we did not
initiate patient recruitment if the follow-up physician notified us that the patient
should not be approached. We sent case subjects and control subjects identified
through RDD an introductory letter followed by a telephone call from an inter-
viewer. Of 449 case subjects ascertained from the CSS files, we did not attempt
to contact 28 (6.2%) at the request of the physician, 69 (15.4%) died before we
could recruit them, 45 (10.0%) refused to participate, and 23 (5.1%) were too ill
or could not located. Thus, 284 (63.3%) case subjects participated in the study.
Of the 284 case subjects that participated, 261 (91.9%) were diagnosed with
invasive cancer and 23 (8.1%) were diagnosed with carcinomain situ. Of 729
potential control subjects ascertained through RDD, 234 (32.1%) refused to
participate either by requesting that we not send an introductory letter (n4 51)
or by refusing after receiving the introductory letter (n4 183). An additional 18
(2.5%) potential control subjects could not be located. Thus, 477 (65.4%) of the
potential 729 control subjects participated in this study. The overall response rate
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 the
institutional review board of the Fred Hutchinson Cancer Research Center.

Data Collection

All data collection activities were conducted following written informed con-
sent from each case or control subject.

Interviews. Case and control subjects participated in structured in-person
interviews through which we elicited information on demographic characteris-
tics, lifetime histories of tobacco and alcohol use, clinical history of sexually
transmitted diseases, and histories of sexual activity and sexual practices. All
questions were directed toward the time period prior to each participant’s ref-
erence date. The reference date for a case subject was the month and year he or
she was diagnosed. Since we did not pair individual control subjects with indi-
vidual case subjects, the reference date for a particular control subject was
assigned at random from among the possible case subject diagnosis dates that
had occurred prior to the selection of the control through RDD. Demographic
characteristics ascertained included marital status as of reference date, race,

highest level of school attended, and combined family income in the reference
year. Cigarette smoking data included whether a person had ever smoked more
than 100 cigarettes, and if so, details regarding continuous periods (episodes)
during which smoking habits (e.g., packs per day) were relatively unchanged.
Episodes were delineated according to ages at which each case or control subject
reported major changes in smoking habits. Case and control subjects were also
asked whether or not they had used smokeless tobacco (chewing tobacco, snuff,
or mini-pouches), cigars, or pipes. We ascertained each participant’s history of
alcohol consumption using an approach similar to that for ascertaining cigarette
smoking history. Thus, among participants who reported having had at least four
alcoholic beverages in any 1 year, we elicited separate age-defined periods in
which alcohol consumption (e.g., frequency of drinking, number of drinks) was
relatively unchanged. We asked each participant his or her age at first regular
intercourse (where ‘‘regular’’ was defined as three or more times per month).
Participants who had had any heterosexual relationships were asked about the
lifetime number of opposite sex sexual partners, whether oral sex had been
performed on any opposite sex partner, and the total number of opposite sex oral
sex partners. Each male was asked about his sexual orientation since puberty
(exclusively heterosexual, primarily heterosexual, heterosexual and homosexual,
primarily homosexual, or exclusively homosexual). We also asked case and
control subjects about histories of genital warts and oral warts.

Biologic specimens.Each participating case and control subject was asked to
provide a venous blood sample. Aliquots of serum were stored at −70 °C until
thawed for assays of antibody response to HPV type 16 capsids (see below). In
addition, we collected a sample of exfoliated oral tissue according to the fol-
lowing protocol: with the use of a soft-bristled toothbrush, the interviewer per-
formed five complete backward and forward brushes of each of the inside of the
upper and lower lips, the left and right sides of the hard palate, buccal mucosa,
top and bottom of the tongue, and the surface of the gingiva. After each of these
areas was brushed, the toothbrush was squeezed on the side of a tube containing
a buffer of 0.5% sodium dodecyl sulfate, 1 mM EDTA, and 10 mMTris. The
sides of the tube were then rinsed with buffer. The participant proceeded to rinse
his or her mouth with 0.5 oz tap water and spat into the tube. Tubes containing
the collected material were then frozen at −70 °C prior to DNA extraction and
viral genotyping (see below). Among those men and women who participated in
the in-person interview, we obtained blood specimens from 260 (91.5%) of 284
case subjects and 448 (93.9%) of 477 control subjects and exfoliated oral tissue
for 265 (93.3%) of 284 case subjects and 468 (98.1%) of 477 control subjects.
Blood and exfoliated oral tissue were collected at the time of the in-person
interviews (median time following diagnosis, 8 months). We attempted to obtain
paraffin-embedded specimens of primary oral tumors for each case subject who
participated in the in-person interview. Since some, but not all, studies have
suggested that the presence of HPV DNA in oral carcinoma is associated with a
favorable prognosis(22–25),we also attempted to obtain primary oral tumors for
each case subject who could not be interviewed because of death prior to re-
cruitment. We selected tumor blocks containing malignant tissue to be tested for
HPV DNA sequences (see below) based on review of the accompanying pathol-
ogy report. We obtained one or more tumor specimens for 300 (87.2%) of 344
case subjects; the proportion obtained was higher for interviewed case subjects
(89.1% of 284) than for case subjects not interviewed because of death prior to
recruitment (78.3% of 60).

Laboratory Methods

We extracted DNA from the exfoliated oral tissue as follows: Tubes contain-
ing the specimens were thawed and centrifuged at 1500g for 30 minutes at 4 °C
and the supernatant was discarded. The pellet was then washed by adding 5 mL
1× phosphate-buffered saline (PBS) followed by vortexing. This step was re-
peated, 3mL proteinase K (10 mg/mL) was added to the tube containing the
300-mL sample, and the tube was incubated 4–6 hours at 55 °C or at 37 °C
overnight. An equal volume of phenol (300mL) was added followed by vor-
texing. The tubes were briefly centrifuged again and the phenol (lower layer)
was discarded. We then added 10mL of 3 M sodium acetate, pH 8.0, 600mL
ethanol, and 1.2mL of 10 mg/mL transfer RNA to the sample tube. The tubes
were incubated at 70 °C for 2 hours or at 20 °C overnight. The tubes were then
centrifuged at 12 000g for 30 minutes at 4 °C after which the liquid was dis-
carded. The pellet was dried in a vacuum centrifuge for 20 minutes and then
redissolved in 100mL H2O. Finally, the tube was incubated at 95 °C for 8
minutes to inactivate the proteinase K. DNA was extracted from tumor tissue
using standard methods for paraffin-embedded specimens(26).
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We used oligonucleotide primers (MY09/MY11) complementary to highly
conserved sequences in the L1 region of HPV(27), as well as primers comple-
mentary to the respective E6 regions of HPV DNA types 6, 11, 16, and 18, to
amplify HPV DNA from exfoliated oral tissue and tumor tissue using the poly-
merase chain reaction (PCR)(28).Amplification reactions were performed using
standard conditions previously described(29). Positive controls included both
0.1 and 1.0 pg of HPV plasmid DNA for each HPV type tested. Negative
controls were 1.0mg of human placental DNA. Reaction controls consisting of
only PCR buffer (i.e., no sample DNA) were also included in each PCR series
to ensure that no contamination occurred during the setup of the reactions. The
quality of the DNA for allowing PCR amplification of HPV DNA was deter-
mined by a PCR test for a fragment of the humanb-globin gene(30). If a
DNA specimen tested negative for theb-globin fragment following repeated
purifications, that specimen was excluded from further PCR analyses. To
ensure the sensitivity and specificity of the PCR, 10mL of the amplification
reaction products were electrophoresed through agarose gels, transferred to ny-
lon membranes, and hybridized with oligonucleotide probes. These probes were
derived from sequences internal to the consensus primer pairs(31). Specimens
positive for the HPV L1 consensus probes were then typed by sequential hy-
bridizations with probes for HPV types 6, 11, 16, 18, 31, 33, and 35(31). In all
analyses, probes for HPV type 31 DNA, HPV type 33 DNA, and HPV type 35
DNA were combined in a single ‘‘cocktail’’ due to their expected infrequent
occurrence; in this article we refer to this HPV type as HPV 31/33/35. DNA
samples from case and control subjects were included in random sequence within
each genotyping batch and blinded as to participant characteristics (e.g., case or
control subject status, interview data). For genotyping of DNA from tumor
tissue, the laboratory technicians were blinded to the characteristics of the case
subjects.

We used an antibody capture enzyme-linked immunosorbent assay (ELISA) to
test sera from case and control subjects for antibody response to capsids (also
known as virus-like particles) made from conformationally correct HPV type 16
L1 protein. Briefly, we used a vaccinia virus expression system to produce HPV
type 16 L1 proteins that self-assemble into capsids. Ninety-six-well ELISA
plates (Dynatech Immulon 2 HB; Dynex Technologies, Chantilly, VA) were
coated with monoclonal antibody H16V5 raised against the HPV type 16 cap-
sids. The monoclonal antibody was provided by N. Christensen, Milton S. Her-
shey Medical Center, Hershey, PA. The coated test wells contained HPV type 16
capsids diluted in blocking solution (5% goat serum, 0.05% Tween 20 in PBS),
while coated blank wells contained blocking solution without capsids. For each
case and control subject, serum was diluted 1/100 in blocking solution and 50mL
was added to three test wells and three blank wells. Plates were incubated at
37 °C for 1 hour and washed with PBS. Goat anti-human immunoglobulin G
with conjugated alkaline phosphatase (Boehringer Mannheim Corp., Indianapo-
lis, IN) was diluted in blocker and added to the wells, and plates were incubated
at 37 °C for 1 hour. After washing with PBS, the plates were developed in the
dark at room temperature for 30 minutes by adding phosphatase substrate in
buffer. The optical density (OD) was read at 405 nm on an automated plate
reader.

Previously unthawed serum aliquots from case and control subjects were
provided to the laboratory in random order, blinded as to participant character-
istics (e.g., case or control subject, interview data, HPV genotyping results), and
analyzed using a single batch of HPV capsids, monoclonal antibodies, and
plates. Each plate also contained quality-control aliquots consisting of pooled
sera previously observed to produce high values for antibody response to HPV
16 capsids. Plates also contained sera from a series of 25 college-aged women
from the University of Washington, Seattle, who reported no history of sexual
activity and had no evidence of genital HPV infection as determined by PCR.
The ELISA results from this population were used to define seropositivity (see
below).

We tested DNA extracted from exfoliated oral cells for 257 of 265 case
subjects and 461 of 468 control subjects who provided these specimens and
tumor blocks from 262 (87.3%) of the 300 case subjects for whom blocks were
obtained. We were able to amplify theb-globin gene fragment from DNA
extracted from exfoliated oral cells of 237 (92.2%) of 257 case subjects and 435
(94.4%) of 461 control subjects tested and from at least one block of the primary
tumors of 253 (96.6%) of 262 case subjects tested. HPV genotyping results for
tumors of five of the 253 case subjects were excluded because only tissue
samples from metastases were available for testing, leaving 248 tumors for
statistical analyses. HPV type 16 capsid antibody response results were available
for 259 case subjects and 446 control subjects.

Data Analysis

We created analytic variables to describe each case and control subject’s
cigarette smoking status as follows: status as of reference date (current smoker,
former smoker, or never smoker), recency of cigarette smoking (among former
cigarette smokers), total years smoked cigarettes, and total pack-years of ciga-
rette smoking. Similarly, we classified case and control subjects according to
their consumption of alcoholic beverages: status as of reference date (current,
former, or never), lifetime average number of alcoholic beverages consumed per
week, and lifetime total number of alcoholic beverages consumed. For analyses
of sexual history other than sexual orientation among males, we excluded case
subjects (three males and seven females) and control subjects (four females) who
reported never having sexual intercourse and eight male case subjects and eight
male control subjects who reported not having exclusively heterosexual rela-
tionships. (We did not elicit histories of homosexual activity of female partici-
pants.)

We categorized the HPV genotyping results according to whether or not the
tissue contained any HPV DNA and, among those with HPV DNA, whether a
high-risk type (types 16, 18, and 31/33/35) was detected or whether only low-
risk types (types 6 and 11) were detected. Thus, a person categorized as having
a high-risk HPV DNA type detected in his or her tissue may also have had
low-risk HPV DNA type detected, whereas a person categorized as having
low-risk HPV DNA detected in his or her tissue only had low-risk HPV DNA
detected. Since multiple tumor specimens were available for many cases, we
considered a case subject’s tumor specimen to be positive for a particular HPV
DNA type if any of the specimens were positive for that type. In some instances,
the HPV DNA type was unknown because we were able to amplify the L1 region
with consensus primers but did not observe hybridization with L1 region type-
specific primers.

For each participant’s serum sample, we calculated an ELISA value as the
difference between the mean of the log-transformed OD readings of the three test
wells and the mean of the log-transformed OD readings of the three blank wells.
Log transformation was used to reduce the influence of extreme OD readings on
the computation of ELISA values. The cutoff point for the ELISA values was
calculated from the sera of 25 college-aged women with no history of sexual
activity and without evidence of genital HPV infection by PCR. The ELISA
values were scored as positive if they exceeded the ELISA value plus two
standard deviations [−0.0604 + (2 × 0.1347)] calculated from the sera of the 25
women. This method of cutoff-point determination was based on the assumption
that the respective distributions of ELISA values for infected and uninfected
persons overlap and are normally distributed, and that overlapping distributions
will misclassify about 5% of uninfected women as infected.

We used standard methods for the statistical analysis of case–control studies
(32).The odds ratio (OR) for the association between oral cancer risk and factors
under study was estimated using unconditional logistic regression. Ninety-five
percent confidence intervals (CIs) were calculated using the standard errors from
the corresponding logistic regression models and the normal approximation. All
reportedP values were two-sided. Unless otherwise stated, ORs presented are
adjusted for age, cigarette smoking (continuous pack-years), alcohol consump-
tion (continuous average number of alcoholic beverages consumed/week during
lifetime), and sex (in analyses combining males and females). Analyses in which
we adjusted for cigarette smoking and alcohol consumption using other indices
of these behaviors (e.g., current, past, or never cigarette smoking) yielded very
similar results. Additional adjustment for race or measures of socioeconomic
status (income and education) did not affect the results. In examining associa-
tions with antibody response to HPV type 16 capsids, we began by comparing
the ELISA values between case and control subjects using nonparametric meth-
ods because the distributions were not normal. We then estimated the OR asso-
ciated with seropositivity for all case subjects combined as well as separately for
case subjects according to HPV DNA type found in tumor tissue (any HPV type
16 DNA, only HPV type 6 or 11 DNA, or no HPV DNA) and tumor site (tongue,
tonsils, or floor of mouth).

To determine whether the association between antibody response to HPV type
16 capsids and oral cancer was modified by either cigarette smoking or alcohol
use, we used the approach described by Rothman(33) to create indicator vari-
ables representing the combination of these factors. From logistic regression
models containing these indicator variables as well as covariates, we calculated
the Synergy Index (S)(33) to quantify the joint association of antibody response
to HPV type 16 capsids and either smoking or alcohol consumption with oral
cancer risk. Values of S that are greater than 1 are consistent with statistical
interaction on an additive scale. That is, the combination of two causal factors in

1628 ARTICLES Journal of the National Cancer Institute, Vol. 90, No. 21, November 4, 1998

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/90/21/1626/2520309 by guest on 10 April 2024



some persons in the population results in the development of more cases of
disease than predicted based on the sum of the added risks associated with
exposure to the individual factors. We computed 95% CIs on S by estimating the
variances and covariances of the fitted coefficients of the indicator variables and
applying formulas developed by Hosmer and Lemeshow(34).

RESULTS

Case and control subjects were similar with respect to race
(Table 1). Low income, but not education, was strongly associ-
ated with oral cancer after adjustment for cigarette smoking and
alcohol use. Risk was increased to a greater extent among cur-
rent cigarette smokers than among past cigarette smokers; within

these groups, the risk was highest among those persons who had
smoked greater than or equal to 20 pack-years. The risk of oral
cancer increased with increasing levels of alcohol consumption.
The risk of oral cancer associated with the combination of heavy
smoking (ù20 pack-years) and heavy drinking (ù15 drinks/
week) was approximately 11-fold, exceeding that predicted
based on the sum of these factors alone (Table 1). Among men,
prior smokeless tobacco use was similar between case and con-
trol subjects (6.7% and 5.6%, respectively) (OR4 1.0; 95% CI
4 0.4–2.3). Only one female (a control subject) reported smoke-
less tobacco use.

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

Characteristic

Case
subjects, %

Control
subjects, %

Case
subjects, %

Control
subjects, %

Case
subjects, %

Control
subjects, %

OR*
(95% CI)(n 4 165) (n4 302) (n4 119) (n4 175) (n4 284) (n4 477)

Age, y
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 —
50–59 38.2 33.8 39.5 36.0 38.7 34.6 —
60–65 27.9 29.5 43.7 38.2 34.5 32.7 —

Race
White† 91.5 92.7 95.8 94.9 93.3 93.5 1.0 —
African-American 4.9 2.3 1.7 3.4 3.5 2.7 1.2 (0.5–3.0)
Other 3.6 5.0 2.5 1.7 2.9 3.8 1.0 (0.4–2.5)

Highest level of school attended
Graduate school 10.3 17.6 7.6 13.1 9.2 15.9 1.0 (0.6–1.7)
College† 38.8 54.6 42.9 42.9 40.5 50.3 1.0 —
Technical school 8.5 6.3 6.7 4.6 7.8 5.7 1.4 (0.7–2.6)
High school or less 42.4 21.5 42.8 39.4 42.6 28.1 1.3 (0.9–1.9)

Annual household income
<$15 000 18.8 5.0 23.5 5.1 20.8 5.0 4.2 (2.2–8.1)
$15 000–$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 14.5 23.5 1.0 (0.6–1.8)
ù$60 000† 17.6 29.1 6.7 17.7 13.0 25.0 1.0 —
Refused/unknown 1.8 1.7 2.5 2.8 2.1 2.1 —

Cigarette smoking‡
Never† 15.2 31.3 18.8 50.3 16.7 38.3 1.0 —
Past: 1–19 pack-years 10.9 24.7 7.7 24.6 9.6 24.6 0.9 (0.5–1.6)
Past:ù20 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)
Current:ù20 pack-years 53.3 21.7 52.1 13.1 52.8 18.5 5.5 (3.5–8.6)

Alcoholic beverage consumption§
<1 drinks/wk† 10.3 15.2 24.4 49.7 16.2 27.9 1.0 —
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 15.5 9.4 2.1 (1.2–4.0)
ù30 drinks/wk 33.9 8.6 4.2 2.3 21.5 6.3 4.0 (2.1–7.7)

Cigarette smoking‡ and alcohol
beverage consumption§ combined

<20 pack-years, <15 drinks/wk† 23.6 49.7 31.6 80.0 27.0 60.8 1.0 —
<20 pack-years,ù15 drinks/wk 6.1 9.7 2.6 1.7 4.6 6.7 1.9 (0.9–4.0)
ù20 pack-years, <15 drinks/wk 24.9 27.7 51.3 16.0 35.8 23.4 4.0 (2.7–5.9)
ù20 pack-years,ù15 drinks/wk 45.5 13.0 14.5 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 cigarette
smoking (continuous), and average number of alcoholic beverages per week (continuous); ORs for pack-years of cigarette smoking are adjusted for age (continuous),
sex, and average number of alcoholic beverages per week (continuous); ORs for average number of alcoholic beverages per week are adjusted for age (continuous),
sex, and pack-years of cigarette smoking (continuous); ORs for cigarette and alcohol consumption combined are adjusted for age (continuous) and sex.

†Reference group for OR calculation. For cigarette smoking and alcohol consumption, the reference groups are those with the lowest level of exposure. For
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.
§Average alcohol consumption over lifetime.
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HPV DNA was detected in 25.8% (64 of 248) of the tumors
of the case subjects for whom we obtained and successfully
tested specimens. The subset of tumors from interviewed case
subjects had a similar prevalence of HPV DNA in tumors (58
[27.4%] of 212). Forty-three (67.2%) of 64 of the HPV DNA-
positive tumors contained a high-risk HPV type; 41 (95.3%) of
the 43 tumors with high-risk HPV DNA types contained HPV
type 16 DNA either alone or with another HPV DNA type,
whereas two (4.7%) contained only HPV type 18 DNA. Thus,
the overall prevalence of HPV type 16 DNA was 16.5% (41 of
248 tested). The prevalence of HPV type 16 DNA was similar in
males and females (Fig. 1, A). HPV 16 DNA, but not HPV type
6 or type 11 DNA, was more common in case subjects less than
50 years of age at diagnosis than case subjects greater than or
equal to 50 years of age at diagnosis (Fig. 1, B). HPV type 16
DNA was detected more frequently in tonsillar carcinomas
(34.1%) and oropharyngeal carcinomas (36.4%) compared with
other sites with sufficient numbers for separate analysis (<15%);
this difference was not observed for HPV type 6 or type 11 DNA
(Fig. 1, C). Although the mean age of patients with tonsillar or
oropharyngeal carcinomas (53.6 years) was similar to that for
other sites (54.6 years), a greater proportion of patients with
tonsillar/oropharyngeal carcinoma were less than 50 years of age
(33.9% and 22.4%, respectively).

Among males, the age-, smoking-, and alcohol consumption-
adjusted risk of oral cancer increased with decreasing age at first
regular intercourse and increased with increasing number of op-
posite sex partners (Table 2). These patterns were not seen
among women (Table 2). ORs were not increased among men or

women who reported having ever performed oral sex on an
opposite sex partner. Among both men and women with greater
than or equal to five oral sex partners, however, the ORs were
weakly elevated (although not statistically significant) (Table 2).
Among males, a higher proportion of case subjects compared
with control subjects reported a history of one or more homo-
sexual relationships (4.2% versus 2.7%), but there was no asso-
ciation following adjustment for age, cigarette smoking, and
alcohol consumption (OR4 1.0; 95% CI4 0.3–3.4). A history
of genital warts was more often reported by male case subjects
than male control subjects, leading to an approximately twofold
OR following adjustment for cigarette smoking and alcohol use.
There was no association with genital warts among females.
Four case subjects (1.4%) and three control subjects (0.6%)
reported a history of oral warts (OR4 1.6; 95% CI4 0.3–8.6).
Particularly among men, the ORs in Table 2 were substantially
lower than the ORs adjusted only for age, indicating that these
known oral cancer risk factors were important confounders. For
example, the age-adjusted OR for the association with a history
of greater than or equal to 15 lifetime opposite sex partners was
3.4 (95% CI4 2.1–5.8) compared with 2.3 (95% CI4 1.1–5.0)
following adjustment for age, cigarette smoking, and alcohol
consumption.

For both sexes combined, the associations with sexual history
were strongest for tumors containing HPV type 16 DNA. For
example, for greater than or equal to 15 sex partners (compared
with <15 partners), the OR for case subjects whose tumors con-
tained HPV type 16 DNA was 2.5 (95% CI4 1.1–5.6), whereas
the OR was 0.9 (95% CI4 0.2–4.3) for case subjects with

tumors containing HPV type 6 or
type 11 DNA and 1.2 (95% CI4
0.7–2.2) for case subjects whose tu-
mors did not contain HPV DNA.
Similarly, for a history of greater
than or equal to five oral sex partners,
the ORs for case subjects with HPV
type 16 DNA, HPV type 6 or type 11
DNA, and no HPV DNA in tumors
were 2.1 (95% CI4 0.9–4.9), 0.3
(95% CI 4 0.03–3.5), and 0.9 (95%
CI 4 0.5–1.7), respectively.

The prevalence of HPV DNA in
exfoliated oral tissue was similar in
case and control subjects (9.3% ver-
sus 9.2%, respectively) (Table 3).
Compared with control subjects,
HPV DNA detected in exfoliated oral
tissue from case subjects was slightly
more likely to be of type 16, 18, or
31/33/35. However, there was no as-
sociation between oral cancer risk
and detection of high-risk HPV types
in exfoliated oral tissue (Table 3).

Case subjects were more likely
than control subjects to have high
ELISA values in the HPV type 16
capsid assay (Fig. 2) (Wilcoxon rank
sum test:Z 4 4.64; P<.0001). Ap-
proximately one half of the case sub-

Fig. 1. Prevalence of human papillomavirus (HPV) DNA in tumor tissue of oral cancer case subjects.A) By sex;
B) by age at diagnosis; andC) by tumor site. Gray bars4 total HPV DNA; black bars4 HPV type 16 DNA;
and hatched bars4 HPV type 6 or type 11 DNA. Includes interviewed and noninterviewed case subjects. HPV
type 16 DNA tumors (n4 41) included 31 tumors with only HPV type 16 DNA and 10 tumors with HPV type
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 unknown
HPV DNA type). Two tumors contained only HPV DNA that could not be classified as to a specific type. Not
included in C are two tumors arising in the uvula and two tumors for which the site was unknown.
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jects compared with one third of the control subjects were se-
ropositive for antibody response to HPV type 16 capsids (OR4
2.3; 95% CI4 1.6–3.3) (Table 4). There was little evidence of
confounding by cigarette smoking and alcohol consumption; the
OR adjusted for age and sex alone was 2.1 (95% CI4 1.5–2.8).
The association was similar among males (OR4 2.2; 95% CI
4 1.4–3.4) and females (OR4 2.5; 95% CI4 1.4–4.5) and
among persons less than 50 years of age (OR4 2.6; 95% CI4
1.4–4.9) and persons greater than or equal to 50 years of age (OR
4 2.2; 95% CI4 1.4–3.3). The OR did not vary according to
whether a case subject had blood drawn within 8 months of

diagnosis or beyond that time (data not shown). Twenty-six
(70.3%) of the 37 interviewed case subjects whose tumors con-
tained HPV type 16 DNA exhibited antibody response to HPV
type 16 capsids; the OR for this subset of case subjects was 6.8
(95% CI4 3.0–15.2) (Table 4). The association with HPV type
16 DNA-containing tumors was similar for persons less than 50
years of age (OR4 5.6; 95% CI 4 1.7–18.9) and persons
greater than or equal to 50 years of age (OR4 7.6; 95% CI4
2.4–24.0). In contrast, there was no association between anti-
body response to HPV type 16 capsids and oral cancer among
the 15 interviewed case subjects whose tumors contained only

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

Males Females

Characteristic

Case
subjects, %

Control
subjects, %

OR* (95% CI)

Case
subjects, %

Control
subjects, %

OR* (95% CI)(n 4 154) (n4 294) (n 4 112) (n4 171)

Age at first regular sexual intercourse, y
ù25† 7.8 20.1 1.0 10.7 11.2 1.0 —
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
1† 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)
ù15 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 —

Ever performed oral sex on opposite sex partner
No† 26.6 30.6 1.0 — 49.1 39.8 1.0 —
Yes 73.4 68.7 1.2 (0.7–2.8) 49.1 60.2 0.7 (0.4–1.2)
Refused/unknown 0.0 0.7 — 1.8 0.0 —

Lifetime number of opposite sex oral sex partners
None† 26.6 30.8 1.0 — 49.1 39.8 1.0 —
1 21.4 26.7 0.8 (0.6–2.1) 22.3 33.9 0.6 (0.3–1.3)
2–4 22.7 19.9 0.9 (0.6–2.2) 18.8 21.6 0.6 (0.3–1.4)
ù5 29.2 22.3 1.4 (0.8–2.6) 7.1 4.7 1.4 (0.4–5.2)
Refused/unknown 0.0 0.3 — 2.7 0.0 —

Prior diagnosis of genital warts
No† 87.7 95.6 1.0 — 90.8 93.0 1.0 —
Yes 12.3 4.4 2.2 (1.0–4.9) 9.2 6.4 0.7 (0.3–2.2)
Refused/unknown 0.0 0.0 — 0.0 0.6 —

*Odds ratios (ORs) are adjusted for age (continuous), pack-years cigarette smoking (continuous), and average number of alcoholic beverages per week
(continuous).See‘‘Patients and Methods’’ for details on numbers of case and control subjects excluded from these analyses.

†Reference group for OR calculation.

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

HPV DNA

Case subjects, % Control subjects, %

OR* (95% CI)(n 4 237) (n4 435)

None† 90.7 90.8 1.0 —
Any‡ 9.3 9.2 0.9 (0.5–1.6)

HPV types 6 or 11 2.5 4.4 0.5 (0.2–1.4)
HPV type 16, type 18, type 31/33/35 5.9 4.1 1.3 (0.6–2.9)

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

†Reference group for OR calculation.
‡HPV DNA was detected in exfoliated oral tissue from 22 case subjects and 40 control subjects. The specific HPV type could not be determined for two case

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 control subjects) is
lower than the proportion of subjects with any HPV DNA detected.
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HPV type 6 or 11 DNA. The OR for the 139 interviewed case
subjects whose tumors did not contain HPV DNA was 2.5 (95%
CI 4 1.6–3.8). Seropositivity to HPV type 16 capsids was not
associated with carcinomas of the floor of the mouth (n4 38;
OR 4 1.1; 95% CI4 0.5–2.5) but was associated with carci-
nomas of the tongue (n4 107; OR4 2.4; 95% CI4 1.5–3.8)
and tonsils (n4 49; OR4 3.9; 95% CI4 2.0–7.8).

To assess whether the associations observed with antibody
response to HPV type 16 capsids were due to sexual transmis-
sion of HPV infection, we repeated the analyses above by in-
cluding terms for age at first intercourse or number of sexual
partners in the logistic regression models in addition to sex, age,

cigarette smoking, and alcohol use.
The ORs for HPV type 16 capsid an-
tibody response and oral cancer were
essentially unchanged (data not
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. The
association with the combined expo-
sure was more than expected (S4
2.6) based on the sum of the associa-
tions between current smoking
(OR 4 3.2) and antibody response
alone (OR4 1.7). The effect modi-
fication between HPV antibody re-
sponse and either heavy smoking
(ù20 pack-years) or heavy alcohol
use was less strong (S4 1.5). When
heavy alcohol consumers and current
cigarette smokers were considered
together, the strength of the effect
modification with antibody response

was similar to that between current smoking and antibody re-
sponse.

HPV genotyping results from both tumor tissue and exfoli-
ated oral tissue were available for 179 case subjects. We found
HPV DNA in both types of tissue for four (2.2%) case subjects
and did not detect HPV DNA in either type of tissue for 115
(64.2%) case subjects. Among the 127 (70.9%) case subjects for
whom no HPV DNA was detected in tumor tissue, we detected
HPV DNA in the exfoliated oral tissue samples of 12 (9.4%)
case subjects. We detected HPV DNA in the tumor tissue of 48
(29.4%) of the 163 case subjects for whom no HPV DNA was
detected in the exfoliated oral tissue. Among the four cases for

Table 4. Risk of oral cancer associated with human papillomavirus (HPV) type 16 capsid antibody response, total and stratified by tumor HPV DNA status

Case subjects, %*

Antibody response

Control subjects, %* Total† HPV16 DNA HPV types 6 or 11 DNA No HPV DNA

(n 4 446) (n4 259) (n4 37) (n 4 15) (n 4 139)

Negative‡ 65.0 48.7 24.3 66.7 47.5
Positive 35.0 51.4 75.7 33.3 52.5

OR§ (95% CI) 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.
†Sixty-eight case patients are included in total results but not included in results by HPV DNA status due to: no tumor specimens obtained (n4 28), specimens

obtained but only tissue from metastases available (n4 2), specimens obtained but not analyzed by conclusion of study (n4 33), specimens analyzed but none
positive forb-globin gene fragment (n4 2), and specimen obtained and tested but positive for HPV DNA other than types 6, 11, or 16 (n4 3).

‡Reference group for OR calculation.
§Odds ratios (ORs) associated with positive antibody response to HPV type 16 capsids, adjusted for age (continuous), sex, pack-years of cigarette smoking (continuous),

and average number of alcoholic beverages per week (continuous).

Fig. 2. Distribution of oral cancer case and control subjects by enzyme-linked immunosorbent assay (ELISA)
value from the HPV type 16 capsid ELISA. Black bars4 case subjects; gray bars4 control subjects. ELISA
value categories are based on quantiles among case and control subjects combined. The proportion within each
category is computed separately for case and control subjects. The ELISA value that defined the cutoff point for
seropositivity was 0.209.See‘‘Patients and Methods’’ for the definition of ELISA value and determination of
cutoff for seropositivity.
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whom results from the exfoliated oral cancer tissue and
tumor tissue both indicated the presence of HPV DNA, three
subjects had HPV type 16 DNA in the tumor tissue and two of
these had HPV type 16 DNA in the exfoliated oral tissue
samples, whereas the third had HPV type 6 DNA. A fourth case
had HPV type 11 DNA in the tumor tissue, but the DNA in the
exfoliated oral tissue was not one of the specific types for which
we probed.

DISCUSSION

In this population-based study, we found that 16.5% (41 of
248) of oral SCCs contained HPV type 16 DNA. Case subjects
were more likely than control subjects to have serologic anti-
body response to the HPV type 16 capsids. This association was
not confounded by cigarette smoking and alcohol consumption
and was similar for males and females and for younger and older
persons. The approximately sevenfold increased risk of HPV
type 16 DNA-conta in ing tumors assoc ia ted wi th
antibody response to HPV type 16 capsids and the absence of an
association of antibody response with HPV type 6 or type 11 DNA-
containing tumors (although based on small numbers) support the
hypothesis that oral SCCs containing HPV type 16 DNA may arise
as a result of past HPV16 infection. In contrast to our serologic

results, case subjects were not more likely than control subjects to
have HPV DNA in normal exfoliated oral tissue.

These findings must be interpreted in the context of the limi-
tations of our study. A large proportion of eligible case and
control subjects did not participate in the study. Among the case
subjects, death prior to recruitment was a major reason for nonpar-
ticipation, but the prevalence of HPV DNA in oral tumors of in-
terviewed case subjects was very similar to the overall prevalence
that included eligible case subjects who died prior to recruitment.
Our results may also have been affected to the extent that antibody
response to HPV type 16 capsids was differentially associated with
participation among case and control subjects. That associations
with HPV type 16 capsid antibody response were not confounded
by cigarette and alcohol consumption raises the possibility that
underreporting of these behaviors may have impeded our ability to
adjust for differences between case subjects and control subjects in
these established oral cancer risk factors. However, the strong as-
sociations we observed between oral cancer risk and both cigarette
smoking and alcohol use as well as the interaction between these
factors suggest that any residual confounding is likely to be small
and unlikely to account for our findings.

Although molecular detection of viral DNA sequences is the
gold standard for determining HPV infection, it has several limi-
tations when comparing case subjects and control subjects in the

Table 5. Risk of oral cancer associated with human papillomavirus (HPV) type 16 capsid antibody response according to cigarette smoking and
alcohol consumption

Antibody response Risk factor

Case subjects, % Control subjects, %

OR* (95% CI) S† (95% CI)(n 4 259) (n 4 446)

Current cigarette smoking

Negative Not current‡ 22.0 49.8 1.0 — 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-years‡ 13.2 43.9 1.0 — 1.5 (0.9–2.6)
ù20 pack-years 35.5 21.2 5.6 (3.4–9.3)

Positive <20 pack-years 18.5 24.5 2.8 (1.7–4.6)
ù20 pack-years 32.8 10.4 10.8 (6.2–19.0)

Alcohol consumption\

Negative <15 drinks/wk‡ 33.2 57.0 1.0 — 1.5 (0.6–3.4)
ù15 drinks/wk 15.4 8.1 2.0 (1.1–3.6)

Positive <15 drinks/wk 30.1 27.1 2.3 (1.5–3.4)
ù15 drinks/wk 21.2 7.9 4.4 (2.5–7.6)

Cigarette smoking and alcohol consumption\

Negative Not current smoking or <15 drinks/wk‡ 37.1 61.0 1.0 — 2.4 (0.9–6.3)
Current smoking andù15 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)
Current smoking andù15 drinks/wk 15.8 2.2 15.0 (7.1–31.8)

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

†Synergy Index (S) (33) defined as (OR3 – 1)/(OR1 + OR2 – 2). OR3 measures the association between oral cancer risk and the combination of two exposures
(e.g., current cigarette smoking and antibody response to HPV capsids), while OR2 and OR1 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 HPV capsids but not
current smoking). OR1, OR2, and OR3 are calculated relative to persons without either exposure (e.g., no antibody response to HPV capsids and not current smoking).

‡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.
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present study. First, because oral HPV infection tends to be
focal, excision of a malignant lesion is likely to remove the oral
tissue harboring HPV DNA. This likely explains the poor cor-
relation we observed between the detection of HPV DNA in
tumor tissue and the exfoliated oral tissue among case subjects.
Second, studies have suggested that as yet unidentified compo-
nents of saliva can inhibit PCR assays(35). Third, the detection
of viral DNA in normal tissue is likely to be a poor measure of
the cumulative effects of a past infection. Finally, we did not
obtain exfoliated oral tissue from several sites, such as the ton-
sils, at which tumors with HPV DNA tended to occur. We there-
fore incorporated a serologic approach to classify case and con-
trol subjects with respect to past HPV infection status. Among
young women, serologic antibody response to HPV type 16
capsids is associated with increased sexual activity(36) and can
be detected in 93% of individuals at 12 months following the
first detection of a prevalent genital HPV type 16 infection and
67% of individuals at 18 months following an incident HPV type
16 infection(37,38).In contrast, HPV type 16 capsid antibody
response is absent or minimal among young women without
genital HPV type 16 infection(37). Additionally, prospective
and cross-sectional studies have observed increased risks of cer-
vical neoplasia and other anogenital carcinomas among persons
exhibiting serologic response to HPV type 16 capsids(39–42).
Taken together, these data strongly suggest that serologic anti-
body response to HPV type 16 capsids is a marker of persistent
genital HPV type 16 infection and can be useful for epidemio-
logic studies of cancer risk in settings where viral genotyping is
not possible or is not likely to capture the relevant aspects of
exposure to HPV(39). Nonetheless, we do not know the extent
to which an antibody response to HPV type 16 capsids results
from oral HPV infection nor can we exclude the possibility that
the antibody response we detected resulted from acquisition or
reactivation of the virus following the development of cancer
and/or treatment. Long-term prospective studies on the natural
history of antibody response to HPV type 16 capsids in relation
to molecular evidence of both genital and oral HPV infection are
needed to refine the interpretation of these results.

Cigarette smoking and alcohol consumption are the major
causes of oral SCC in the United States(17). If HPV type 16
contributes to the development of oral cancer, it likely does so
primarily through mechanisms that involve one or both of these
factors. Our data are consistent with this prediction in that the
combination of current cigarette smoking and HPV type 16 se-
ropositivity was associated with additional cases of oral cancer
beyond what would be expected by summing the risks associ-
ated with smoking and HPV type 16 seropositivity alone. Al-
though our study was not designed to elucidate specific molecu-
lar mechanisms underlying the apparent interaction between
smoking and HPV, it seems unlikely that a shared pathway
would contribute to the development of oral carcinomas with
tobacco carcinogen-induced inactivating mutations in the p53
tumor suppressor gene. The pathogenesis of the substantial pro-
portion of oral carcinomas that lack p53 mutations(43), how-
ever, could, in some instances, involve cell cycle abrogation by
HPV E6 and E7 oncoproteins enhanced through other tobacco-
induced mechanisms, such as inhibition of apoptosis by nicotine
(44–46)or mutations in other tumor suppressor genes. Molecu-
lar epidemiologic andin vitro studies examining cell cycle ki-

netics, exposure to HPV, tobacco, alcohol, and betel quid, and
expression and mutation of p53 and other candidate tumor sup-
pressor genes (e.g., p16, pRb) are needed to clarify the joint
contributions of known oral carcinogens and HPV infection to
oral cancer risk in various populations.

The reported detection of HPV DNA in oral carcinoma by
PCR varies widely(23,25,47–51).Our results are similar to
several U.S. studies reporting prevalences between 20% and
30%(23,25,50)but differ substantially from other investigations
that found HPV DNA in more than three quarters of the tumors
(47–49,51).Variation among these series could be due to het-
erogeneity in tumor sites studied or the extent to which patients
were exposed to potent oral carcinogens(47,51). In addition,
studies such as ours based on paraffin-embedded tissue may
underestimate the proportion of tumors containing HPV DNA
due to degradation of specimens(52). The twofold association
we observed between antibody response to HPV type 16 capsids
and the risk of oral cancers lacking HPV DNA could be due, in
whole or in part, to the inclusion of some tumors in that group
that were truly HPV positive. On the other hand, since we did
not sequence PCR products, we also cannot exclude the possi-
bility of false-positive results(51). With the use of the same
molecular methods on similar archival specimens, however, we
found HPV DNA in more than 70% of invasive cervical carci-
nomas and vulvar carcinomasin situ from women living in the
same geographic area(41,53).Taken together, our data suggest
that if HPV is an oral carcinogen it contributes to a much smaller
proportion of oral carcinomas than anogenital carcinomas in our
population, primarily or perhaps entirely in combination with
cigarette smoking.

Our population-based results bolster the impression derived
from hospital-based series that tonsillar carcinomas are particu-
larly likely to harbor HPV type 16 DNA(25,54).Consistent with
the high prevalence of HPV type 16 DNA, we observed that
tonsillar carcinomas had the strongest association with serologic
evidence of HPV type 16 infection in our study. A limitation of
this finding is that up to 50% of young to middle-aged persons
in our geographic area have had their tonsils removed(55) and
we did not ascertain which of our control subjects had intact
tonsils. Thus, if having intact tonsils is directly related to HPV
type 16 capsid antibody response, we may have overestimated
the association between tonsillar carcinoma and seropositivity.
As in previous studies of HPV in tonsillar carcinomas(25,54),
we also did not determine whether viral gene sequences were
found in the epithelial or lymphatic tissue. If the HPV DNA is
largely or entirely localized in lymphatic tissue, a causal role in
tonsillar carcinoma would be less likely. Arguing against this
limitation, however, is that the excess HPV DNA prevalence we
observed was specific for HPV type 16 DNA. High-risk HPV
oncoproteins are expressed and are associated with disrupted
cell cycle control in tonsillar carcinomas(56,57).Thus, seroepi-
demiologic and molecular evidence is accumulating in support
of an etiologic role for HPV type 16 in some tonsillar carcino-
mas.

Two previous epidemiologic studies(18,19) examined the
association between HPV and oral cancer risk. In a study among
males Maden et al.(18) found sixfold and threefold associations
between oral cancer and detection of HPV type 16 DNA and
HPV type 6 DNA, respectively, in exfoliated oral tissue. The
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present study used the same protocol for oral tissue collection.
However, in the prior study, only primers directed to sequences
in the E6 open-reading frame were used, whereas, in the present
study, primers directed to sequences in the L1 open-reading
frame were also used. Thus, the methods we used in this study
should have been more sensitive than in the previous study, yet
among males, the prevalence of HPV type 6 DNA was lower
than in the prior study (2.0% versus 18.6% for case subjects,
3.6% versus 8.9% among control subjects, respectively). The
prevalence of HPV type 16 DNA was about 6% among male
case subjects in both studies, but higher among control subjects
in the present study than the prior study (4% versus 1%). More
recently, a prospective serologic study in Finland that found a
13-fold association between HPV type 16 capsid antibody re-
sponse and esophageal cancer risk did not observe any associa-
tion with lip, tongue, or salivary cancer (OR4 0.6; 95% CI4
0.2–2.1) or other oral cancers (OR4 0.4; 95% CI4 0.0–7.1)
(19). Those results may differ from ours due to inclusion of lip
and salivary gland cancers (which we did not study) or if oral
carcinomas in general are less likely to be related to HPV in-
fection in Finland. Since the twofold association we observed is
compatible with the CIs reported by the Finnish study, sample
size differences may also account for the contrasting findings.

Oral HPV infection can result from both sexual and non-
sexual viral transmission(58). Our analyses of sexual history
addressed the question of whether sexual transmission of HPV
types commonly found in the genital tract is important in the
development of oral cancer. Early age at first intercourse, mul-
tiple sexual partners, and a history of genital warts were asso-
ciated with oral cancer risk, but only among men. The relatively
small number of women in the study and the fact that female
subjects in this study tended to be older than male subjects may
have reduced the statistical power for identifying associations
with sexual activity in this subgroup. Nondifferential misclassi-
fication in self-reported behaviors might particularly explain the
lack of associations between oral sexual practices and oral can-
cer risk in this and previous studies(18). Although we did ob-
serve that histories of multiple sexual partners and multiple oral
sex partners were related to oral cancers containing HPV type 16
DNA, the strong association between HPV type 16 capsid anti-
body response and HPV type 16 DNA-positive oral cancer was
not diminished by inclusion of these sexual history measures in
our statistical models. Taken together, our findings do not pro-
vide strong evidence that a sexually transmitted route underlies
oral HPV infections associated with oral cancer risk. Given the
small numbers of HPV type 16 DNA-positive tumors and the
likely misclassification in our measures of both prior HPV in-
fection and sexual history, however, such a mechanism cannot
reliably be excluded by our data.

Although additional molecular epidemiologic research on the
contribution of HPV infection to the etiology of oral SCC is
needed to confirm and extend our findings, clarifying areas of
uncertainty will be challenging. Little is known regarding the
frequency, natural history, and biology of oral HPV infectionin
vivo.Unlike cervical neoplasia, oral carcinomas are rare in most
populations, and the identity, frequency, and rate of progression
of precursor lesions are less well established. Thus, prospective
epidemiologic studies, which could address the temporal rela-
tionship between oral HPV infection and the development of the

earliest stages of oral malignancy, will be feasible only in a few,
highly selected populations. Documenting a decline in oral can-
cer rates in the setting of HPV vaccine trials would provide the
strongest possible causal evidence. In the interim, reducing
population exposure to tobacco, betel quid chewing, and exces-
sive alcohol consumption remain the keys to preventing the vast
majority of oral carcinomas throughout the world.
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NOTES

1Editor’s note: SEER is a set of geographically defined, population-based
central tumor registries in the United States, operated by local nonprofit orga-
nizations under contract to the National Cancer Institute (NCI). Each registry
annually submits its cases to the NCI on a computer tape. These computer tapes
are then edited by the NCI and made available for analysis.
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