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Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016
Cancers of the oral cavity (OCC) and oropharynx (OPC) are typically grouped under the general term
“oral cancer”. Yet, the incidence of OPC is increasing in the U.S. while the incidence of OCC has declined.
These two, distinct but conflated groups of oral cancers are attributed to different risk factors.

Incidence and survival trends were examined across U.S. population groups and by anatomical subsite.
Disparities were identified in incidence and survival by gender, race/ethnicity, and subsite. Risk factors
are complex, interactive and not fully identified. Cancer control research illustrates health disparities in
access to care and patient outcomes. Database and supplemental searches yielded 433 articles
published between 1995 and 2016 characterizing aspects of oral cancer epidemiology relating to
incidence, survival, risk, disparities and cancer control. OCC survival in black men remains the most
intractable burden. While understanding of oral cancer etiology is improving, application to policy is
limited. Cancer control efforts are diverse, sporadic, limited in scope, generally lacking in success, and
need stratification by OCC/OPC. Further intervention and epidemiologic research, improved workforce
capacity, and integrated care delivery are identified as important directions for public health policy.
Sustained, multi-level campaigns modeled on tobacco control success are suggested.
Keywords: Mouth neoplasms, oropharyngeal neoplasms, incidence, survival, healthcare disparities,
alphapapillomavirus, risk behavior, early detection of cancer
Abbreviations: HPV, human papillomavirus; INHANCE, International Head and Neck Cancer
Epidemiology; OC, oral cancers; OCC, oral cavity cancers; OPC, oropharynx cancers; OR, odds ratio; SEER
Surveillance Epidemiology and End Results; US, United States
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Cancers of the oral cavity (OCC) and oropharynx (OPC) are typically grouped together
under the general term “oral cancer” (OC). In this review the term OCC includes these subsites:
anterior two-thirds of the tongue (oral tongue), gums, floor of mouth, hard palate, and buccal
mucosa. OPC include the posterior one-third of the tongue (base of tongue), soft palate, tonsils,
and “other” oropharynx.1,2 Despite the usual conflation of these cancers as a single group, as
demonstrated in this review, it is well established that the incidence of OPC is on the increase in
the United States (U.S.) while the incidence of OC has declined. Moreover, these two, distinct
groups of OC are generally attributed to different risk factors. While OPC tend to be associated
with human papillomavirus (HPV), OCC are more likely to be associated with tobacco and heavy
alcohol use.3 These two groups of OC are also associated with different population groups. In
the U.S., OCC are more common in older, male populations and particularly in black men. OPC
are more common in younger, white and male populations.1,2,4
This review examines the epidemiological literature on OCC and OPC to assess U.S.
trends in disease incidence and survival by oral subsite and to highlight disparities in disease
burden. We describe both established and emerging risk factors for OC. The literature on
incidence, survival, and risk is then considered in light of prevention and early detection
strategies and sources of disparities to identify environmental, policy, and healthcare system
factors that can influence outcomes and may offer opportunities for more effective
interventions. Strategies for improvement in OC control are proposed.
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Methods
A targeted literature review was undertaken through March 2016 to identify relevant
epidemiological articles on OC. Searches were conducted in PubMed, Medline, and Cochrane.
Search terms for the database searches, including Medical Subject Headings (MeSH) and other,
relevant keywords, included “mouth neoplasms,” “oropharyngeal neoplasms,” “incidence,”
“survival,” “costs and cost analysis,” “health care costs,” “health services accessibility,” “health
status disparities,” “healthcare disparities,” “minority health,” “alphapapillomavirus,”
“behavior, risk,” “risk reduction behavior,” “risk factors,” “risk assessment,” “preventive health
services,” and “early detection of cancer.”
In addition to the literature searches, reference lists in identified articles were reviewed
for additional articles. Finally, subject expert consultations were sought to ensure a
comprehensive collection of articles.
Articles were included in the search if the publication date was between 1995-2016; if
they were published in English; and, for clinical trials, if at least one trial location was in the U.S.
The start date of 1995 was chosen to provide two decades of review and to work in conjunction
with the emerging scholarly focus on HPV in head and neck cancer 5 and with the onset of the
diverging trends of OCC and OPC.6 Articles were excluded if they focused on nasopharynx,
hypopharynx, lip, or salivary gland cancers which are etiologically distinct from most other OC.
Editorials and non-systematic literature reviews were also excluded. A final list of 433 articles
were selected for consideration by the authors.
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Epidemiological Trends in Oral Cavity and Oropharynx Cancers
In the U.S., current estimates indicate that there are approximately 45,000 new cases
and 8,500 deaths attributed to OCC and OPC annually.7 When analyzing incidence, survival,
prognosis, and associated trends for OCC and OPC, it is important to recognize that previous
studies have shown different epidemiological trends for OCC and OPC.1
Chaturvedi, et al., reviewed the national data from the Surveillance, Epidemiology, and
End Results (SEER) program registries from 1973-2004 and found that U.S. incidence trends for
OCC remained stable up until 1982 and then declined significantly from 1983 through 2004.
This was in contrast to a significant increase in incidence for OPC during the same time period. 2
Several other U.S. epidemiological studies, including those using more recent SEER time
periods, have continued to observe the decline in OCC along with the rise in incidence in
OPC.4,6,8–12 These trends have been consistent across study populations and can be explained by
their distinct etiology.13–18
Public health efforts that have resulted in the decreased prevalence of tobacco use
along with decreased consumption of alcohol have been cited as strong contributing factors to
the decline in OCC incidence.2,19 Meanwhile, it has been hypothesized that an increase in sexual
practices associated with oral HPV infection among more recent birth cohorts may explain the
rise in OPC over time.2

3

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

Disparities in OC incidence
There are distinct epidemiological trends based on demographic factors such as
race/ethnicity, gender, and age. A study examining OCC and OPC national incidence trends in
SEER from 1975-2008 found that blacks experienced a significant decline in both OCC and OPC
beginning in 1985, with the decline being most pronounced in males. Additionally, all other
racial/ethnic-gender groups experienced a decline in OCC over the time periods observed. The
same study also found that incidence rates for OPC increased 88% in white males from 19751979 to 2004-2008.11
Studies have consistently demonstrated an increase in OPC, particularly at base-oftongue and tonsil sites, among white males since the 1990s in contrast to stable or declining
rates for these cancers in other race/ethnicity-gender groups.2,4,13,14,20–22 A study examining
SEER incidence data from 2000-2010, found that whites had the highest age-standardized
cumulative incidence rate for OCC during the time period, with white males experiencing the
highest rates of all racial/ethnic-gender groups. This study found a decline in OCC in both black
and white males during the same time period, but in accordance with other studies, noted a
rise in OPC in white males in contrast to stable or declining trend patterns for these cancers in
other racial/ethnic-gender groups.12
Interestingly, studies have noted an increase in cancers of the oral tongue, that are not
HPV related, among white women less than 45 years of age over time.11,20,23 The cause of the
increase of these cancers in this specific group is not known. Studies examining these
4
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epidemiological trends have also been consistent in their finding that OPC are more frequently
diagnosed in younger individuals when compared to OCC.1,11,12,22,24–27
Disparities in OC survival
Differences in survival have been observed based on race/ethnicity and anatomic
location of OC. A study analyzing SEER data from the mid-1970’s to the early-1990’s found that
the overall, relative 5-year survival rate for OPC was close to 50 percent, without much
improvement over time. However, this study also found that, for blacks, the survival rate was
closer to 30 percent, and this disparity in survival persisted even when stratified by stage of
diagnosis. Black males, specifically, were shown to have the poorest survival of all of the
race/ethnicity-gender groups analyzed during the time period in this study.28 The results of this
study were consistent with another investigation examining oral cancer survival statistics during
a similar time period.29
A more recent analysis of SEER data from 1973-2008 found that the 5-year relative
survival after diagnosis of cancers of the tongue and tonsils (OPC) did not differ by gender;
however, a stark difference by race/ethnicity was noted with whites displaying a survival rate of
close to 60 percent and blacks displaying a survival rate close to 30 percent.20 A study analyzing
OC survival data in Michigan from 1993-2002 also found blacks in the state to have substantially
lower 5-year relative survival than their white counterparts. This study also found that, over the
later time period, there was a trend of poorer survival among blacks in the state. 30 More recent
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estimates indicate that there has been a slight improvement in 5-year relative survival for OC,
however, blacks continue to experience much poorer survival than their counterparts.31
Notable differences in survival have been observed based upon whether an OPC is HPVpositive or HPV-negative.2,32,33 HPV-positive OPC have been consistently shown to display
significantly higher survival than HPV-negative OPC, despite the fact that these HPV-positive
cancers are typically detected at later stages.2,33 It has been hypothesized that the improved
survival of HPV-positive OPC can be attributed to a better response of these cancers to
radiation treatment and chemotherapy.2,32,33
OC Risk Factors
Tobacco and alcohol have long been identified as primary risk factors for OC. 34,35 Various
other agents have been investigated, though often without clear associations. Given the wide
diversity of, and undersized/underpowered efforts seeking to elucidate risk factors, our review
focused on meta-analyses conducted during the study time frame (1995-2016) that yielded
statistically significant observations. Separately, an assessment of the publications by the
International Head and Neck Cancer Epidemiology (INHANCE) Consortium was made. INHANCE
uses pooled data from consortium members, including investigations conducted in the U.S.
Meta-analyses of OCC risk factors
Among these 1995-2016 meta-analyses on OCC risk factors, none have a primary focus
on tobacco smoking (Table 1). However, tobacco smoking is often included as an adjustment
6
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factor.36–44 Among the twelve meta-analyses identified that focused on OCC risk factors and
yielded statically significant findings (Table 1), most frequently assessed, with two each, were
HPV,45,46 alcohol,37,38 diet40,41 and smokeless tobacco.44,47 Strong elevated associations (odds
ratio [OR]>4.0) were found for heavy drinking,37,38 HPV45 and smokeless tobacco.47 Additional
noteworthy associations (OR>1.5) were shown for moderate drinking,38 processed meats40 and
socio-economic status measured by education, occupation and income.36 The strongest inverse
associations (OR<0.4) were found with fruits and vegetables.41
Meta-analyses of OPC risk factors
The search of risks associated with OPC yielded only seven meta-analyses (Table
2).38,40,46–50 Only alcohol has two meta-analyses.38,48 Very strong associations (OR >7.0) are
shown for heavy drinkers and OPC,38 HPV and tonsils,46 smoking with drinking for OPC,50
smokeless tobacco and combined cancers of the oral cavity, pharynx and larynx. 47 Elevated
associations (OR>1.5) are seen for heavy drinkers and cancers of the pharynx,38 tonsils38 and
oral cavity/pharynx;48 processed meat with cancers of the oral cavity/pharynx;40 HPV with
oropharynx cancers;46 tobacco smoking in a variety of intensities of exposure with oropharynx
cancers;50 and smokeless tobacco across assessments of sites and materials.47Among the OPC
meta-analyses, reduced odds were found only with coffee.49
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INHANCE for Head and Neck Cancer, OC and OPC risk factors
A multifaceted series of evaluations of OC risk factors via pooled analyses from the
INHANCE Consortium supplements the previous OCC and OPC meta-analyses. This consortium
has sought improved insight into risks for head and neck cancers, with more than 25 papers
since 2004 when they were initiated following an inquiry into alcohol and aldehyde
dehydrogenase genotypes in relation to head and neck cancer risks.51 Web Table 1 emphasizes
where head and neck subsites of oral cavity, oral cavity/pharynx, oral tongue/tongue,
oropharynx and pharynx cancers are reported with statistically significant associations.
Tobacco is included as a major focus in at least 10 INHANCE studies including two
studies not presented on Web Table 1 due to the complexity of reporting their results.52–61 It is
in essentially all other studies as an adjustment factor.62–80 They provide improved
understanding of the nuances of tobacco55–59 and tobacco and alcohol interactions.55,57,59
Encouraging reduction in cancer risk with tobacco cessation is demonstrated.57
The level of detail enabled by the INHANCE studies allows for comparison of
associations with OC for specific exposures and subsites. The highest increased ORs seen were
for OCC associated with beer and wine, followed by cancer of the pharynx in association with
wine and beer.69 Many tobacco associations were found with increased odds of three-fold or
higher. These included ever tobacco use for both females and males over age 45,52 involuntary
smoke exposure for cancer of the pharynx56 and numerous combinations of smoked tobacco.58
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Also particularly noteworthy are associations with four or more oral sex partners with
oropharynx and tongue cancers.62
Curiously, marijuana was shown to be either preventative or harmful based on the
anatomical subsite.64 Being underweight emerged as a risk factor while higher weights have
shown a protective effect.53,68 Recreational physical activity;73 healthy diet with increased
intake of fruits,74 vegetables,72,79 various supplements77 and aspects of dietary intakes66,71,74,75,80
as well as coffee70 merit further attention for potentially promising effects on oral cancer risk.
INHANCE provided assessments for several risk factors included in Tables 1 and 2. Most
frequently studied, with eight publications, was diet,66,71,72,74,75,77,79,80 followed by
directly/indirectly smoking tobacco with five analyses.55–59 Alcohol,69 coffee,70 diabetes,76 and
socioeconomic status78 were each evaluated by one analysis.
Additionally, INHANCE identified significant risk factors not seen in the above OC metaanalyses (Tables 1 and 2) such as age,52 alcohol and tobacco interaction55,59 and cessation,57
family history,63 height and body mass index,53,54,65,68 marijuana,64 recreational activity,73
mouthwash67 and sex behaviors.62
INHANCE recently provided a review of their work.81 Improved understanding of genetic
interactions with etiologic agents appears to be a promising means for further improvement of
early detection and prevention. These studies may improve our ability to identify high-risk
individuals for increased surveillance. However, it is not yet feasible to assess patient or
population risk on the basis of genetic interactions with etiologic agents. Genetics, therefore, is
9
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not reviewed in this paper, save for the extent there may be genetic implications regarding
family history of cancer.63
HPV as a distinct risk factor for OPC
Because HPV-positive OCC and OPC are etiologically distinct, we discuss risk associated
with HPV infections separately. These cancers have received much attention in the literature
over the past decade.
HPV are a heterogeneous group of DNA viruses that are classified as either high-risk
(oncogenic) strains associated with cancer, or low-risk strains associated with benign disease.26
HPV is a well-established etiologic factor for a subset of OPC,82,83 specifically those found in the
base of the tongue and tonsil.84–86 To a lesser extent, oncogenic HPV sub-types have also been
detected in some OCC,87 in particular cancers in the gingiva and oral mucosa.88 A multicenter
study conducted for the International Agency for Research on Cancer detected HPV DNA in
18.3% and 3.9% of tumor specimens from patients with OPC and OCC, respectively.89
HPV oncogenic sub-type 16 (HPV16) is the most prevalent HPV subtype associated with
OC.82,83,90–92 In addition, oncogenic subtypes other than HPV16 have also been detected in
some OC.82,88,93
As noted above, the incidence of HPV-related OPC is highest among white males at
younger ages.2,6,88,90,92,94–97 Several studies have described a strong “age cohort effect,” 2,85,86,98
which is likely due to changes in sexual practices.96 Several collinear sexual behaviors represent
primary risk factors for oral HPV infection,98,99 including increased oral sexual contact, younger
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age at sexual debut,98 and a higher number of lifetime sexual partners.91,92,97 This last
association may be due to a higher number of lifetime partners engaging in oral sexual
behaviors (i.e., oral sex, open-mouth kissing, oral-anal) rather than vaginal sex partners.94,97,99 In
addition to these risk factors, poor oral health has been associated with oral HPV infection,
possibly through loss of epithelial barrier function resulting from ulcers, mucosal disruption,
and inflammation,94 and some studies suggest an increased risk of oral HPV infection in current
smokers.91,97
We have noted that HPV-positive OC are recognized as distinct from HPV-negative
OC.10,96 They are more likely to occur in non-smokers, non-drinkers, and males100 and also tend
to have better prognoses than HPV-negative OC.96 HPV-positive tumors are associated with
longer survival time,2 reduced mortality,6,101 and increased sensitivity to chemotherapy and
radiation therapy.96
Despite more favorable outcomes in HPV-related OPC, their increasing incidence shows
no sign of tapering off. Incident cases are expected to exceed newly diagnosed cervical cancer
cases by 2020.6 Focusing on head and neck cancers, Sanders et al. estimated the population
attributable risk for oncogenic HPV to be 4.7%,26 and in an analysis of data from three SEER
registries, the presence of HPV DNA detected in OPC tumors increased from 16.3% during the
period from 1984-1989 to 72.7% during the period from 2000-2004.6
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Prevention and early detection
Prevention and early detection are basic components of cancer control programs.102
These are the primary and secondary phases of disease prevention: 1) altering risk to avoid
disease onset and 2) detecting early-stage disease processes and stopping their progression.103
The literature on OC control pays a great deal of attention to these phases, sometimes
separately, but, more typically, together.
Because several different risk factors have been identified, prevention strategies can be
highly variable. Interventions can also be undertaken at various levels: communities, high-risk
populations, professions and professional associations, clinical practices, and individuals at risk.
Strategies have been implemented by a variety of change agents, including public health
agencies, scientific investigators, community coalitions, community organizations, and clinicians
and clinician organizations.104
Because OC can appear in multiple and differentially accessible anatomical subsites of
the head and neck, and because early signs and symptoms are highly variable,105 early
detection can be challenging. Although precancerous lesions can be detected through
visualization and palpation in the oral cavity, there are no known precancerous lesions for OPC.
Moreover, there remains a great deal of controversy over whether early detection through
screening programs is an appropriate strategy.106–110 In 2013 the U.S. Preventive Services Task
Force again found the evidence base for screening in asymptomatic adults insufficient. 111
Similarly, a recent Cochrane review concluded that the available evidence is not sufficient to
12
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warrant population-based screening programs.112 Nevertheless, some argue that targeted
screening should be conducted based on weaker evidence of potential benefit. 109,110
As described above, primary prevention for OCC appears to have received a large boost
from decades of public health efforts to discourage tobacco use.113 Epidemiologic studies point
to the coincidence of tobacco use reductions achieved over decades of multifaceted
interventions across the country and a lagged and sustained reduction in OC incidence
rates.11,114 The tobacco campaigns were generally not directed toward reducing OCC, but were
apparently quite successful in doing so nevertheless. Some studies have focused on assessing
and improving the role of healthcare providers in promoting tobacco cessation specifically to
reduce OC incidence further.115–124
Similar contributions to OC incidence reduction may also have occurred in association
with broad campaigns to reduce alcohol abuse and improve physical activity and nutrition,
campaigns not directed specifically at OC, but possibly affecting them nevertheless. To examine
these broad campaigns is beyond the scope of the current review.
Several studies have investigated public awareness of OC and means of improving
prevention and early detection practice, either generally125–128 or in specific, at-risk populations
including smokers,129,130 blacks,131–133 Latinos134,135 and rural populations.136–138 Studies
consistently find that public knowledge of OC and receipt of early detection examinations has
been, and continues to be, limited. Although some studies have suggested racial and ethnic
differences, with Hispanics and blacks being less aware and having more limited early detection
13
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services,115,128 studies have also concluded that the differences are ultimately attributable to
health literacy, education and income disparities rather than race or ethnicity.127,137,139 Tobaccouse status, an indicator of elevated risk, does not appear to increase the likelihood of having an
exam.124,129,130,140 Fear of cancer may be negatively associated with having an exam in some
high-risk populations132,133 although being concerned about cancer has also been shown to be
positively associated with getting an exam.140
Some studies have investigated the educational materials to which the public has
access. Most have found sources of information inadequate, even misleading.141–145 Some have
specifically linked awareness to preventive behaviors127,129,135 although causal paths remain
uncertain. Health behavior theories typically do not link knowledge directly to behavior,146 but
knowledge is a necessary first step, and a need for improved health information dissemination
is recognized.147,148
A variety of strategies have been reported for improving public awareness of and access
to early detection services.104 Mass media campaigns have shown some success in increasing
awareness and demand for screening services.149,150 Success in increasing public awareness
generally, however, has been limited.151,152 Billboards have not shown promise as a message
delivery mechanism for improving OC awareness in populations at risk.153
Clinician awareness of OC and behavior directed at risk reduction in patients have also
been investigated.154,155 Many of these studies are limited to specific states or even regions of
states. Investigators have examined dentists;121,122,147,148,156–162 dental hygienists;116,118,162–167
14
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physicians;158,159,168 and other primary care providers.168–170 Generally, studies have found
provider knowledge and behavior not to be optimal. Much need for improvement has been
identified across these many investigations and a need for training programs has been
emphasized.154,160 However, studies of provider training programs’ oral cancer content do not
suggest that much improvement is coming.167,171,172
The literature finds clinicians lack early detection skills and do not sufficiently engage in
risk counseling. Clinicians are generally more likely to discuss tobacco with their patients than
alcohol. They are even less likely to discuss sexual practices.166,173,174
Studies have reported efforts to improve clinician practice through continuing
education122,175 and other interventions. Internet-based support for tobacco cessation
counseling in dental offices showed modest success in a randomized trial.123 Online training
improved intent to counsel and perceived self-efficacy for alcohol counseling also. There is
some evidence that more recently trained clinicians may be more aware and vigilant in primary
and secondary prevention practice.120,157
Having a dental visit improves likelihood of having an OC exam.129,130 Dentists are much
more likely than medical physicians to perform OC examinations.159 Nevertheless, clinical
diagnosis is very difficult and histologic confirmation is required.175,176 Clinical diagnostic
adjuncts being promoted in dentistry have limited value.107,177
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With the rising incidence of OPC, the literature has reflected limited interest in
promoting awareness of HPV, its link to OPC, the need for safe sexual practices and, where
appropriate, vaccination. In fact, there is an extensive literature regarding promotion of HPV
vaccination. However, the focus of that literature is primarily on cervical cancer rather than
OPC, putting it outside the scope of this review. The work by Daley and colleagues represents a
notable exception. Their investigations determined that dentists and dental hygienists are not
adequately prepared to counsel patients about HPV and that interventions are needed. 161,173
Disparities and cost of care
Disparities in OC across different population groups, particularly between whites and
blacks, are persistent challenges that have defied efforts at intervention. The literature suggests
that the underlying reasons are complex, involving risk behavior patterns, genetic differences,
differential access to care and variable quality of care. The extent to which race is a primary
factor in health disparities is an important empirical question that remains to be resolved. 178
OC are among the most expensive cancers to treat. A 2012 paper estimates that OPC
alone have an annual direct medical cost of $300 million in the U.S.179 One study estimated that
the lifetime cost for each OPC and OCC case ranges from $15,340 to $46,800, with an average
cost of $33,020.180 Lee et al., using 2008 Nationwide Inpatient Sample data (N=17,632
hospitalizations), estimated a total hospitalization cost for OCC (including lip and salivary gland)
and OPC at $1.08 billion, or $62,885 per hospitalization.181 These costs account only for direct,
in-patient costs of care. The cost of OCC and OPC in both years of life and lost productivity is
16

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

also high. One study estimated the years of potential life lost at 63,587.182 Late-stage cancers
have been estimated to cost 36 percent more than localized disease in the first year after
diagnosis.183
Cost drivers identified in the Medicare population include demographics, comorbidities,
and treatment selection.184 Complications and adjuvant therapies increase cost of care
dramatically.181,185 Treatments confined to surgery are least expensive.186
OPC are generally more expensive to treat than OCC.184 Privately insured patients’
cancers cost far more than Medicaid and Medicare covered patients’ cancers, in that order. 187
There is evidence that out-of-pocket costs may lead some OC patients to abandon their
medications.188
Racial and ethnic disparities in incidence and survival are numerous, as described
elsewhere in this review. Black Americans, particularly black men,189 have poorer outcomes
than whites.190 They have historically had poorer survival rates.90,191–194 One study, however, did
not find self-reported race or degree of West African ancestry to be associated with survival
suggesting that other factors such as stage at diagnosis may be underlying causes of apparent
racial differences.195 Colevas et al., for example, found the highest incidence rates for OPC to be
in low socioeconomic status groups.13 Riley et al. found that apparent racial and ethnic
disparities in receiving early detection services were actually attributable to differences in
health literacy and socioeconomic status.137 High rates of tobacco and alcohol use are also
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associated with poorer survival.196 Tobacco use and other health limiting behaviors are
associated with racial/ethnic minority status and socioeconomic disparities.197,198
Disadvantages are not confined to blacks versus whites. The U.S.-born population, for
example, has been shown to have better survival rates than citizens born outside the U.S. 199
Suarez et al., found that Puerto Rican men have higher incidence and mortality rates than men
on the U.S. mainland including Hispanic men, non-Hispanic black men, and non-Hispanic white
men. This may be a consequence of quality of care or access to care, the authors conclude.200
Morse and colleagues found that a lower percentage of in situ cancers are detected in Puerto
Rico versus mainland U.S. and suggested that limited access to care is the underlying cause of
late diagnosis.201
Lack of access to quality care may be contributing to greater adverse outcomes in blacks
as well.192 Treatment at academic centers, lack of need for adjuvant therapy, and private
insurance all have been associated with improved outcomes.202 In the case of OC, access to oral
health care is particularly important. Late-stage disease and larger tumors have been linked to
less than annual dental visits.203,204 Regular dental visits are associated with having an OC
examination.129,130,138 Dentists, of all primary care providers, are the most likely to perform
these exams.159 However, if blacks do receive an exam, it is more likely to be from someone
other than a dentist.205
Lower incidence rates of HPV-positive cancers have been attributed to poorer survival in
blacks.90,193 HPV positivity is generally associated with improved survival.206 A recent study with
18
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a small sample has found, though, that HPV positive tumors in blacks disproportionately lacked
the tumor suppressor gene P16, which may suggest yet another mechanism underlying the
observed racial disparity in survival.207
The quality of healthcare received by blacks has been found to be lacking compared to
whites. Blacks have been shown, for example, to be less frequently recommended for surgery
even when controlling for factors like tumor stage and patient age.90,191,208 Nevertheless, their
treatment may actually cost more overall than that of whites, likely a consequence of
comorbidities confounding treatment.184 Blacks have also been shown to lack health insurance
and have poorer overall health compared to whites,209 which may also account for poorer
cancer-specific survival.
Discussion
Reducing the incidence of OC, improving clinical outcomes, and eliminating disparities
pose significant public health challenges. OC are common in medically and dentally
underserved populations, difficult to detect and diagnose at early stages of disease, and
population risk profiles are complex and shifting which makes it hard to target high-risk
populations with focused and sustained campaigns.
Although we have documented a decline in incidence of OCC over time, that appears to
be an indirect outcome of intensive, multi-faceted and sustained tobacco control efforts not
directed toward OC prevention. Despite some twenty years of cancer control activity directed
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at improving public awareness of OC, increasing demand for early detection services, and
preparing the health workforce for engaging in prevention and early detection practices, there
is no evidence that any of that has made any substantial difference. Intervention opportunities
and promising mechanisms for intervention have been demonstrated, but much work is still
needed to build on that base and extend the programming to all high-risk populations, those
currently identified and those yet to be discovered.
Improvements are needed in all phases of cancer control from prevention to early
detection to disease management. The information generated by this review can inform
practice and policy for environmental and systems changes that can reduce the burden of OC.
Among the challenges identified are a normative environment in which oral health is not
a priority. There is a demonstrated need for intensive health promotion campaigns aimed at
changing attitudes toward oral health and increasing demand for oral health services which can
be contribute both to risk reduction and earlier diagnosis.
With an educated and motivated public demanding oral health services, a need for
expanded access to care would be required. Every patient should have a medical home and a
dental home, preferably in a single setting, where the range of preventive and diagnostic
services can be offered with all required expertise.
Primary care providers from diverse professional backgrounds can play roles in OC
control by educating patients about risk and delivering competent diagnostic services. 210
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However, before that can be accomplished on a meaningful scale, clinicians need to be
empowered with the required clinical skills, and OC control must become a clinical priority.
This review has identified a number of deficiencies as well as promising strategies for improving
workforce performance. These investigations should be continued as a matter of public policy.
In addition, the workforce needs to be expanded in order to provide more and better
services to underserved populations which are most at risk for OC and poor outcomes. One
strategy for improving access to oral health care has been to authorize midlevel providers, such
as dental therapists. Dental therapists have been providing services to tribal populations in
Alaska for nearly a decade. Therapists have also been expanding access to oral health care in
Minnesota since 2011. Just this year both Maine and Vermont have enacted statutes
authorizing alternative providers. These model programs are being evaluated positively,
although not specifically for their contributions to prevention and detection of OC. 211–213
Nevertheless, this is one promising alternative for improving access to oral health services with
potential for extending OC prevention and early detection services which other states should
consider testing and evaluating.
There are a number of policy options for inducing clinicians to provide care to
underserved populations.214 Among these policies are financial incentives, such as loan
forgiveness programs, which governments at all levels can explore and adopt to their specific
area needs in order to expand access to care in underserved populations. Further investigation
is needed, however, to identify successful strategies.215,216
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Risk reduction can also be accomplished through policies aimed at limiting tobacco use
and promoting HPV vaccination. Tobacco remains the single most important OC risk factor and
even limited smoking and passive smoking can contribute to the disease burden. Tobacco
control programs have been effective in reducing smoking rates in the U.S., but more remains
to be done, particularly in preventing youth uptake. Tobacco 21 policies, which require
purchasers of tobacco products to be at least 21 years of age, should be enacted by states and
local governments to limit access to tobacco products by youth. In addition, the Food and Drug
Administration now has expanded authority to regulate tobacco products and that authority
can and should be directed toward youth uptake prevention. Healthy People 2020 offers a
number of strategies for tobacco control and state and local governments should assess their
alternatives and adopt programs to meet their local needs.217
HPV vaccination could possibly prevent a majority of OPC. Vaccines are available and
authorized, but uptake and course completion remain challenges.218 States should consider
mandatory vaccination programs which have been adopted in a small number of
jurisdictions.219 The programs of these early adopters should be evaluated and the results
disseminated to inform policy makers elsewhere. There are a number of health promotion
resources available for public education and for adaptation to clinical practice which may be
used to encourage both uptake and course completion.220
Finally, we need to promote inter-professional healthcare models which coordinate care
across disciplines. Progress in risk reduction and early detection could be greatly enhanced if
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oral health was regarded as systematic health, and care between dentists and physicians was
integrated.221 Collaborative care with all the needed expertise (internal medicine, oral
medicine, otolaryngology, oral surgery, general dentistry, oncology) should be a national
priority. One approach would be to amend the Affordable Care Act to require oral healthcare
to be fully integrated into accountable care organizations.
Dissemination of medical and dental research findings across disciplines also requires
specific efforts to ensure evidence based practice. Keeping the healthcare workforce abreast of
the evolving evidence base should be a priority. Inter-professional continuing education
programs should be promoted. Such programs should enable providers to have current
understanding of population risk profiles. Clinicians must be attentive to changing population
characteristics in the increasingly diversifying U.S. populace.
These efforts can be informed by high quality, powerful research designs such as the
collaborative work of the INHANCE Consortium. Much is gained, for example, from the
attention given by INHANCE to tobacco exposures and cessation. Findings from INHANCE
include the relationships of OC with involuntary smoking,56 low levels of smoking59 and
different smoked tobacco products.58 These observations suggest inclusion of OC in prevention
efforts for other cancers, such as lung cancer. Assessment of combinations of tobacco
products suggests that cigarettes conceal the independent risks of cigars and pipes.58 The
Consortium also provides insight into the relative contributions to OC risk by tobacco and
alcohol alone and together, clarifying the independence of high alcohol exposure and OC
risk55,69 and differential responses to cessation of tobacco smoking (risk reduction in 1-4 years)
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or alcohol (risk reduction at 20 or more years).57 The detailed work provided by INHANCE on
tobacco exposure is an example of evidence that has potential for policy development and
evidence based practice.
Risk patterns and epidemiological trends are subject to much variability over time. Yet,
public-health and scholarly focus cannot be allowed to shift solely to the rising trends in HPVrelated OCs. Efforts to promote tobacco control, alcohol use reduction, improved dietary
practices and physical activity still need to be continued with vigor. As demographic variation is
associated with variable risk profiles, it is important to monitor and adapt to these changing
demographics and associated risks as health policy moves into the future.167 Surveillance
mechanisms need to be in place and clinicians need current surveillance data on which to base
clinical decisions. Future assessments of OC risk factors in the U.S. are likely to include factors
currently seen at the global level, but have not been examined in U.S. studies. The U.S. is a
diverse country with high levels of immigration. As the immigrant population swells, new risk
factors can be expected to emerge and require public health attention. 222 Anticipated factors
include such exposures as betel,223–225 bidi226 and mate.227
Finally, improved capacity to detect early stage disease is needed. Targeting high-risk
populations remains a blunt instrument because of a lack of refinement in our knowledge of
risk factor interactions. Genetic predispositions to disease progression in both OCC and OPC
need to be more fully understood in order to target risk-reduction and early detection
interventions more precisely.
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This review has significant limitations that should be acknowledged. We confined the
study to a limited time frame. This temporal limitation caused us to exclude literature that
might have enabled a more comprehensive discussion of OC. We also elected to confine the
study to the U.S. population, thus disallowing an exploration of the rich literature produced
from other countries, particularly with respect to risk factors. The choice to restrict the study
was necessary, however, to allow us to focus on the contrasts between OCC and OPC and the
current understanding of underlying risks which appear to be responsible for the observed
trends. As OC are extremely heterogeneous with many risk factors that vary in relevance across
different regions of the world, it was not considered possible to take a broader view.
Conclusion
OC present a significant and difficult public health challenge. Although frequently
regarded as a homogeneous group of cancers, it is clear that their complexity is subtle and in
part driven by anatomical site differences. Although it is clear that HPV-positive OC are
etiologically distinct from HPV-negative OC, these distinct etiologies are not fully understood.
Additional research is needed to fully understand oral cancers and also to inform effective
interventions targeting at-risk populations and the healthcare workforce that serves them.
Promising strategies include health education and improved access to better informed
and organized care. Clinical practice needs to be improved and the healthcare workforce needs
to be trained, encouraged, and enabled to address the continuing and ever changing challenges
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these cancers present. Extensive, multi-level campaigns modeled on the successes of tobacco
control are recommended.
ACKNOWLEDGEMENTS
Author affiliations: Department of Pediatric Dentistry, College of Dentistry, University of Illinois
at Chicago (Charles W LeHew, Darien J Weatherspoon, Karolina Reitmajer, Linda M Kaste); Division of
Prevention and Public Health Sciences, College of Dentistry, University of Illinois at Chicago (Darien J
Weatherspoon); Division of Epidemiology and Biostatistics, School of Public Health, University of Illinois
at Chicago (Caryn E Peterson, Linda M Kaste); Library of Health Sciences, University of Illinois at Chicago
(Abigail Goben); Department of Oral Medicine and Diagnostic Sciences, College of Dentistry, University
of Illinois at Chicago (Herve Sroussi).
The authors wish to thank the editor and the three peer reviewers for their insightful comments
on the initial submission. This manuscript was greatly improved by their recommendations. Any
remaining faults are our own.
Conflict of Interest: None declared.

26

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

1.

Cleveland JL, Junger ML, Saraiya M, Markowitz LE, Dunne EF, Epstein JB. The connection
between human papillomavirus and oropharyngeal squamous cell carcinomas in the
United States: implications for dentistry. J Am Dent Assoc 1939. 2011;142(8):915-924.

2.

Chaturvedi AK, Engels EA, Anderson WF, Gillison ML. Incidence Trends for Human
Papillomavirus-Related and -Unrelated Oral Squamous Cell Carcinomas in the United
States. J Clin Oncol. 2008;26(4):612-619. doi:10.1200/JCO.2007.14.1713.

3.

Rettig EM, D’Souza G. Epidemiology of head and neck cancer. Surg Oncol Clin N Am.
2015;24(3):379-396. doi:10.1016/j.soc.2015.03.001.

4.

Brown LM, Check DP, Devesa SS. Oropharyngeal cancer incidence trends: diminishing
racial disparities. Cancer Causes Control. 2011;22(5):753-763. doi:10.1007/s10552-0119748-1.

5.

Steinberg BM, DiLorenzo TP. A possible role for human papillomaviruses in head and
neck cancer. Cancer Metastasis Rev. 1996;15(1):91-112.

6.

Chaturvedi AK, Engels EA, Pfeiffer RM, et al. Human papillomavirus and rising
oropharyngeal cancer incidence in the United States. J Clin Oncol Off J Am Soc Clin Oncol.
2011;29(32):4294-4301. doi:10.1200/JCO.2011.36.4596.

7.

Cancer of the Oral Cavity and Pharynx - SEER Stat Fact Sheets.
http://seer.cancer.gov/statfacts/html/oralcav.html. Accessed March 30, 2016.

8.

Polednak AP. Recent trends in incidence rates for selected alcohol-related cancers in the
United States. Alcohol Alcohol Oxf Oxfs. 2005;40(3):234-238. doi:10.1093/alcalc/agh150.

9.

Davies L, Welch HG. Epidemiology of head and neck cancer in the United States.
Otolaryngol--Head Neck Surg Off J Am Acad Otolaryngol-Head Neck Surg.
2006;135(3):451-457. doi:10.1016/j.otohns.2006.01.029.

10.

Stein AP, Saha S, Yu M, Kimple RJ, Lambert PF. Prevalence of human papillomavirus in
oropharyngeal squamous cell carcinoma in the United States across time. Chem Res
Toxicol. 2014;27(4):462-469. doi:10.1021/tx500034c.

11.

Brown LM, Check DP, Devesa SS. Oral Cavity and Pharynx Cancer Incidence Trends by
Subsite in the United States: Changing Gender Patterns. J Oncol. 2012;2012:1-10.
doi:10.1155/2012/649498.

12.

Weatherspoon DJ, Chattopadhyay A, Boroumand S, Garcia I. Oral cavity and
oropharyngeal cancer incidence trends and disparities in the United States: 2000-2010.
Cancer Epidemiol. 2015;39(4):497-504. doi:10.1016/j.canep.2015.04.007.
27

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

13.

Colevas AD. Population-based evaluation of incidence trends in oropharyngeal cancer
focusing on socioeconomic status, sex, and race/ethnicity. Head Neck. 2014;36(1):34-42.
doi:10.1002/hed.23253.

14.

McGorray SP, Guo Y, Logan H. Trends in incidence of oral and pharyngeal carcinoma in
Florida: 1981-2008. J Public Health Dent. 2012;72(1):68-74. doi:10.1111/j.17527325.2011.00285.x.

15.

Ernster JA, Sciotto CG, O’Brien MM, et al. Rising incidence of oropharyngeal cancer and
the role of oncogenic human papilloma virus. The Laryngoscope. 2007;117(12):21152128. doi:10.1097/MLG.0b013e31813e5fbb.

16.

Frisch M, Hjalgrim H, Jaeger AB, Biggar RJ. Changing patterns of tonsillar squamous cell
carcinoma in the United States. Cancer Causes Control CCC. 2000;11(6):489-495.

17.

Wang XI, Thomas J, Zhang S. Changing trends in human papillomavirus-associated head
and neck squamous cell carcinoma. Ann Diagn Pathol. 2012;16(1):7-12.
doi:10.1016/j.anndiagpath.2011.07.003.

18.

Muller S, Pan Y, Li R, Chi AC. Changing trends in oral squamous cell carcinoma with
particular reference to young patients: 1971-2006. The Emory University experience.
Head Neck Pathol. 2008;2(2):60-66. doi:10.1007/s12105-008-0054-5.

19.

Sturgis EM, Cinciripini PM. Trends in head and neck cancer incidence in relation to
smoking prevalence: an emerging epidemic of human papillomavirus-associated cancers?
Cancer. 2007;110(7):1429-1435.

20.

Saba NF, Goodman M, Ward K, et al. Gender and Ethnic Disparities in Incidence and
Survival of Squamous Cell Carcinoma of the Oral Tongue, Base of Tongue, and Tonsils: A
Surveillance, Epidemiology and End Results Program-Based Analysis. Oncology.
2011;81(1):12-20. doi:10.1159/000330807.

21.

Simard EP, Pfeiffer RM, Engels EA. Spectrum of cancer risk late after AIDS onset in the
United States. Arch Intern Med. 2010;170(15):1337-1345.
doi:10.1001/archinternmed.2010.253.

22.

Golas SM. Trends in palatine tonsillar cancer incidence and mortality rates in the United
States. Community Dent Oral Epidemiol. 2007;35(2):98-108. doi:10.1111/j.16000528.2007.00299.x.

23.

Patel SC, Carpenter WR, Tyree S, et al. Increasing Incidence of Oral Tongue Squamous Cell
Carcinoma in Young White Women, Age 18 to 44 Years. J Clin Oncol. 2011;29(11):14881494. doi:10.1200/JCO.2010.31.7883.
28

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

24.

Shiboski CH, Schmidt BL, Jordan RCK. Tongue and tonsil carcinoma: Increasing trends in
the U.S. population ages 20-44 years. Cancer. 2005;103(9):1843-1849.
doi:10.1002/cncr.20998.

25.

Simard EP, Ward EM, Siegel R, Jemal A. Cancers with increasing incidence trends in the
United States: 1999 through 2008. CA Cancer J Clin. 2012;62(2):118-128.
doi:10.3322/caac.20141.

26.

Sanders A, Slade G, Patton L. National prevalence of oral HPV infection and related risk
factors in the U.S. adult population: Oral HPV prevalence in the US. Oral Dis.
2012;18(5):430-441. doi:10.1111/j.1601-0825.2011.01892.x.

27.

Bleyer A. Cancer of the oral cavity and pharynx in young females: increasing incidence,
role of human papilloma virus, and lack of survival improvement. Semin Oncol.
2009;36(5):451-459. doi:10.1053/j.seminoncol.2009.07.005.

28.

Swango PA. Cancers of the oral cavity and pharynx in the United States: an epidemiologic
overview. J Public Health Dent. 1996;56(6):309-318.

29.

Shiboski CH, Shiboski SC, Silverman SJ. Trends in oral cancer rates in the United States,
1973-1996. Community Dent Oral Epidemiol. 2000;28(4):249-256.

30.

Kolker JL, Ismail AI, Sohn W, Ramaswami N. Trends in the incidence, mortality, and
survival rates of oral and pharyngeal cancer in a high-risk area in Michigan, USA.
Community Dent Oral Epidemiol. 2007;35(6):489-499. doi:10.1111/j.16000528.2007.00371.x.

31.

Howlader N, Ries LAG, Mariotto AB, Reichman ME, Ruhl J, Cronin KA. Improved Estimates
of Cancer-Specific Survival Rates From Population-Based Data. JNCI J Natl Cancer Inst.
2010;102(20):1584-1598. doi:10.1093/jnci/djq366.

32.

Dayyani F, Etzel CJ, Liu M, Ho C-H, Lippman SM, Tsao AS. Meta-analysis of the impact of
human papillomavirus (HPV) on cancer risk and overall survival in head and neck
squamous cell carcinomas (HNSCC). Head Neck Oncol. 2010;2:15. doi:10.1186/17583284-2-15.

33.

Fakhry C, Cohen E. The Rise of HPV-Positive Oropharyngeal Cancers in the United States.
Cancer Prev Res (Phila Pa). 2015;8(1):9-11. doi:10.1158/1940-6207.CAPR-14-0425.

34.

American Cancer Society. What are the risk factors for oral cavity and oropharyngeal
cancers? Oral Cavity and Oropharyngeal Cancer.
http://www.cancer.org/cancer/oralcavityandoropharyngealcancer/detailedguide/oralcavity-and-oropharyngeal-cancer-risk-factors. Published 2016. Accessed March 21, 2016.
29

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

35.

Blot WJ, McLaughlin JK, Winn DM, et al. Smoking and drinking in relation to oral and
pharyngeal cancer. Cancer Res. 1988;48(11):3282–3287.

36.

Conway DI, Petticrew M, Marlborough H, Berthiller J, Hashibe M, Macpherson LMD.
Socioeconomic inequalities and oral cancer risk: a systematic review and meta-analysis of
case-control studies. Int J Cancer. 2008;122(12):2811-2819. doi:10.1002/ijc.23430.

37.

Bagnardi V, Rota M, Botteri E, et al. Alcohol consumption and site-specific cancer risk: a
comprehensive dose-response meta-analysis. Br J Cancer. 2015;112(3):580-593.
doi:10.1038/bjc.2014.579.

38.

Turati F, Garavello W, Tramacere I, et al. A meta-analysis of alcohol drinking and oral and
pharyngeal cancers. Part 2: results by subsites. Oral Oncol. 2010;46(10):720-726.
doi:10.1016/j.oraloncology.2010.07.010.

39.

Wang L, Wang Z, Gao X, Li X, Sun X, Liu C. Association between Cyclin D1 polymorphism
and oral cancer susceptibility: a meta-analysis. Tumour Biol J Int Soc Oncodevelopmental
Biol Med. 2014;35(2):1149-1155. doi:10.1007/s13277-013-1154-8.

40.

Xu J, Yang X, Wu Y, Li X, Bai B. Meat consumption and risk of oral cavity and oropharynx
cancer: a meta-analysis of observational studies. PloS One. 2014;9(4):e95048.
doi:10.1371/journal.pone.0095048.

41.

Pavia M, Pileggi C, Nobile CGA, Angelillo IF. Association between fruit and vegetable
consumption and oral cancer: a meta-analysis of observational studies. Am J Clin Nutr.
2006;83(5):1126-1134.

42.

Gong Y, Wei B, Yu L, Pan W. Type 2 diabetes mellitus and risk of oral cancer and
precancerous lesions: a meta-analysis of observational studies. Oral Oncol.
2015;51(4):332-340. doi:10.1016/j.oraloncology.2015.01.003.

43.

Yao Q-W, Zhou D-S, Peng H-J, Ji P, Liu D-S. Association of periodontal disease with oral
cancer: a meta-analysis. Tumour Biol J Int Soc Oncodevelopmental Biol Med.
2014;35(7):7073-7077. doi:10.1007/s13277-014-1951-8.

44.

Weitkunat R, Sanders E, Lee PN. Meta-analysis of the relation between European and
American smokeless tobacco and oral cancer. BMC Public Health. 2007;7:334.
doi:10.1186/1471-2458-7-334.

45.

Miller CS, Johnstone BM. Human papillomavirus as a risk factor for oral squamous cell
carcinoma: a meta-analysis, 1982-1997. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2001;91(6):622-635. doi:10.1067/moe.2001.115392.
30

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

46.

Hobbs CGL, Sterne JAC, Bailey M, Heyderman RS, Birchall MA, Thomas SJ. Human
papillomavirus and head and neck cancer: a systematic review and meta-analysis. Clin
Otolaryngol Off J ENT-UK Off J Neth Soc Oto-Rhino-Laryngol Cervico-Facial Surg.
2006;31(4):259-266. doi:10.1111/j.1749-4486.2006.01246.x.

47.

Rodu B, Cole P. Smokeless tobacco use and cancer of the upper respiratory tract. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod. 2002;93(5):511-515.

48.

Tramacere I, Negri E, Bagnardi V, et al. A meta-analysis of alcohol drinking and oral and
pharyngeal cancers. Part 1: overall results and dose-risk relation. Oral Oncol.
2010;46(7):497-503. doi:10.1016/j.oraloncology.2010.03.024.

49.

Turati F, Galeone C, La Vecchia C, Garavello W, Tavani A. Coffee and cancers of the upper
digestive and respiratory tracts: meta-analyses of observational studies. Ann Oncol Off J
Eur Soc Med Oncol ESMO. 2011;22(3):536-544. doi:10.1093/annonc/mdq603.

50.

Ansary-Moghaddam A, Huxley RR, Lam TH, Woodward M. The risk of upper aero
digestive tract cancer associated with smoking, with and without concurrent alcohol
consumption. Mt Sinai J Med N Y. 2009;76(4):392-403. doi:10.1002/msj.20125.

51.

Brennan P, Lewis S, Hashibe M, et al. Pooled analysis of alcohol dehydrogenase
genotypes and head and neck cancer: a HuGE review. Am J Epidemiol. 2004;159(1):1–16.

52.

Toporcov TN, Znaor A, Zhang Z-F, et al. Risk factors for head and neck cancer in young
adults: a pooled analysis in the INHANCE consortium. Int J Epidemiol. 2015;44(1):169185. doi:10.1093/ije/dyu255.

53.

Lubin JH, Gaudet MM, Olshan AF, et al. Body mass index, cigarette smoking, and alcohol
consumption and cancers of the oral cavity, pharynx, and larynx: modeling odds ratios in
pooled case-control data. Am J Epidemiol. 2010;171(12):1250-1261.
doi:10.1093/aje/kwq088.

54.

Lubin JH, Muscat J, Gaudet MM, et al. An examination of male and female odds ratios by
BMI, cigarette smoking, and alcohol consumption for cancers of the oral cavity, pharynx,
and larynx in pooled data from 15 case-control studies. Cancer Causes Control CCC.
2011;22(9):1217-1231. doi:10.1007/s10552-011-9792-x.

55.

Hashibe M, Brennan P, Benhamou S, et al. Alcohol drinking in never users of tobacco,
cigarette smoking in never drinkers, and the risk of head and neck cancer: pooled
analysis in the International Head and Neck Cancer Epidemiology Consortium. J Natl
Cancer Inst. 2007;99(10):777-789. doi:10.1093/jnci/djk179.

31

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

56.

Lee Y-CA, Boffetta P, Sturgis EM, et al. Involuntary smoking and head and neck cancer
risk: pooled analysis in the International Head and Neck Cancer Epidemiology
Consortium. Cancer Epidemiol Biomark Prev Publ Am Assoc Cancer Res Cosponsored Am
Soc Prev Oncol. 2008;17(8):1974-1981. doi:10.1158/1055-9965.EPI-08-0047.

57.

Marron M, Boffetta P, Zhang Z-F, et al. Cessation of alcohol drinking, tobacco smoking
and the reversal of head and neck cancer risk. Int J Epidemiol. 2010;39(1):182-196.
doi:10.1093/ije/dyp291.

58.

Wyss A, Hashibe M, Chuang S-C, et al. Cigarette, cigar, and pipe smoking and the risk of
head and neck cancers: pooled analysis in the International Head and Neck Cancer
Epidemiology Consortium. Am J Epidemiol. 2013;178(5):679-690.
doi:10.1093/aje/kwt029.

59.

Berthiller J, Straif K, Agudo A, et al. Low frequency of cigarette smoking and the risk of
head and neck cancer in the INHANCE consortium pooled analysis. [available online
ahead of print July 30, 2015] Int J Epidemiol. doi:10.1093/ije/dyv146.

60.

Lubin JH, Purdue M, Kelsey K, et al. Total exposure and exposure rate effects for alcohol
and smoking and risk of head and neck cancer: a pooled analysis of case-control studies.
Am J Epidemiol. 2009;170(8):937-947. doi:10.1093/aje/kwp222.

61.

Hashibe M, Brennan P, Chuang S-C, et al. Interaction between tobacco and alcohol use
and the risk of head and neck cancer: pooled analysis in the International Head and Neck
Cancer Epidemiology Consortium. Cancer Epidemiol Biomark Prev Publ Am Assoc Cancer
Res Cosponsored Am Soc Prev Oncol. 2009;18(2):541-550. doi:10.1158/1055-9965.EPI-080347.

62.

Heck JE, Berthiller J, Vaccarella S, et al. Sexual behaviours and the risk of head and neck
cancers: a pooled analysis in the International Head and Neck Cancer Epidemiology
(INHANCE) consortium. Int J Epidemiol. 2010;39(1):166-181. doi:10.1093/ije/dyp350.

63.

Negri E, Boffetta P, Berthiller J, et al. Family history of cancer: pooled analysis in the
International Head and Neck Cancer Epidemiology Consortium. Int J Cancer.
2009;124(2):394-401. doi:10.1002/ijc.23848.

64.

Marks MA, Chaturvedi AK, Kelsey K, et al. Association of marijuana smoking with
oropharyngeal and oral tongue cancers: pooled analysis from the INHANCE consortium.
Cancer Epidemiol Biomark Prev Publ Am Assoc Cancer Res Cosponsored Am Soc Prev
Oncol. 2014;23(1):160-171. doi:10.1158/1055-9965.EPI-13-0181.

32

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

65.

Leoncini E, Ricciardi W, Cadoni G, et al. Adult height and head and neck cancer: a pooled
analysis within the INHANCE Consortium. Eur J Epidemiol. 2014;29(1):35-48.
doi:10.1007/s10654-013-9863-2.

66.

Leoncini E, Edefonti V, Hashibe M, et al. Carotenoid intake and head and neck cancer: a
pooled analysis in the International Head and Neck Cancer Epidemiology Consortium. Eur
J Epidemiol. 2016;31(4):369-383. doi:10.1007/s10654-015-0036-3.

67.

Boffetta P, Hayes RB, Sartori S, et al. Mouthwash use and cancer of the head and neck: a
pooled analysis from the International Head and Neck Cancer Epidemiology Consortium.
Eur J Cancer Prev Off J Eur Cancer Prev Organ ECP. 2016;25(4):344-348.
doi:10.1097/CEJ.0000000000000179.

68.

Gaudet MM, Olshan AF, Chuang S-C, et al. Body mass index and risk of head and neck
cancer in a pooled analysis of case-control studies in the International Head and Neck
Cancer Epidemiology (INHANCE) Consortium. Int J Epidemiol. 2010;39(4):1091-1102.
doi:10.1093/ije/dyp380.

69.

Purdue MP, Hashibe M, Berthiller J, et al. Type of alcoholic beverage and risk of head and
neck cancer--a pooled analysis within the INHANCE Consortium. Am J Epidemiol.
2009;169(2):132-142. doi:10.1093/aje/kwn306.

70.

Galeone C, Tavani A, Pelucchi C, et al. Coffee and tea intake and risk of head and neck
cancer: pooled analysis in the international head and neck cancer epidemiology
consortium. Cancer Epidemiol Biomark Prev Publ Am Assoc Cancer Res Cosponsored Am
Soc Prev Oncol. 2010;19(7):1723-1736. doi:10.1158/1055-9965.EPI-10-0191.

71.

Galeone C, Edefonti V, Parpinel M, et al. Folate intake and the risk of oral cavity and
pharyngeal cancer: a pooled analysis within the International Head and Neck Cancer
Epidemiology Consortium. Int J Cancer. 2015;136(4):904-914. doi:10.1002/ijc.29044.

72.

Galeone C, Turati F, Zhang Z-F, et al. Relation of allium vegetables intake with head and
neck cancers: evidence from the INHANCE consortium. Mol Nutr Food Res.
2015;59(9):1641-1650. doi:10.1002/mnfr.201500042.

73.

Nicolotti N, Chuang S-C, Cadoni G, et al. Recreational physical activity and risk of head
and neck cancer: a pooled analysis within the international head and neck cancer
epidemiology (INHANCE) Consortium. Eur J Epidemiol. 2011;26(8):619-628.
doi:10.1007/s10654-011-9612-3.

74.

Edefonti V, Hashibe M, Ambrogi F, et al. Nutrient-based dietary patterns and the risk of
head and neck cancer: a pooled analysis in the International Head and Neck Cancer
33

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

Epidemiology consortium. Ann Oncol Off J Eur Soc Med Oncol ESMO. 2012;23(7):18691880. doi:10.1093/annonc/mdr548.
75.

Edefonti V, Hashibe M, Parpinel M, et al. Vitamin E intake from natural sources and head
and neck cancer risk: a pooled analysis in the International Head and Neck Cancer
Epidemiology consortium. Br J Cancer. 2015;113(1):182-192. doi:10.1038/bjc.2015.149.

76.

Stott-Miller M, Chen C, Chuang S-C, et al. History of diabetes and risk of head and neck
cancer: a pooled analysis from the international head and neck cancer epidemiology
consortium. Cancer Epidemiol Biomark Prev Publ Am Assoc Cancer Res Cosponsored Am
Soc Prev Oncol. 2012;21(2):294-304. doi:10.1158/1055-9965.EPI-11-0590.

77.

Li Q, Chuang S-C, Eluf-Neto J, et al. Vitamin or mineral supplement intake and the risk of
head and neck cancer: pooled analysis in the INHANCE consortium. Int J Cancer.
2012;131(7):1686-1699. doi:10.1002/ijc.27405.

78.

Conway DI, Brenner DR, McMahon AD, et al. Estimating and explaining the effect of
education and income on head and neck cancer risk: INHANCE consortium pooled
analysis of 31 case-control studies from 27 countries. Int J Cancer. 2015;136(5):11251139. doi:10.1002/ijc.29063.

79.

Chuang S-C, Jenab M, Heck JE, et al. Diet and the risk of head and neck cancer: a pooled
analysis in the INHANCE consortium. Cancer Causes Control CCC. 2012;23(1):69-88.
doi:10.1007/s10552-011-9857-x.

80.

Edefonti V, Hashibe M, Parpinel M, et al. Natural vitamin C intake and the risk of head
and neck cancer: A pooled analysis in the International Head and Neck Cancer
Epidemiology Consortium. Int J Cancer. 2015;137(2):448-462. doi:10.1002/ijc.29388.

81.

Winn DM, Lee Y-CA, Hashibe M, Boffetta P. The INHANCE consortium: toward a better
understanding of the causes and mechanisms of head and neck cancer. Oral Dis.
2015;21(6):685-693. doi:10.1111/odi.12342.

82.

Machado J, Reis PP, Zhang T, et al. Low prevalence of human papillomavirus in oral cavity
carcinomas. Head Neck Oncol. 2010;2(1):1.

83.

Castellsague X, Rajkumar T, Tavani A, et al. Human papillomavirus and oral cancer: the
International Agency for Research on Cancer multicenter study. J Natl Cancer Inst.
2003;95(23):1772-1783.

84.

Howard JD, Chung CH. Biology of Human Papillomavirus–Related Oropharyngeal Cancer.
Semin Radiat Oncol. 2012;22(3):187-193. doi:10.1016/j.semradonc.2012.03.002.
34

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

85.

Gillison ML. Current topics in the epidemiology of oral cavity and oropharyngeal cancers.
Head Neck. 2007;29(8):779-792. doi:10.1002/hed.20573.

86.

Gillison ML, Broutian T, Pickard RKL, et al. Prevalence of oral HPV infection in the United
States, 2009-2010. JAMA. 2012;307(7):693-703. doi:10.1001/jama.2012.101.

87.

Jayaprakash V, Reid M, Hatton E, et al. Human papillomavirus types 16 and 18 in
epithelial dysplasia of oral cavity and oropharynx: A meta-analysis, 1985–2010. Oral
Oncol. 2011;47(11):1048-1054. doi:10.1016/j.oraloncology.2011.07.009.

88.

Smith EM, Hoffman HT, Summersgill KS, Kirchner HL, Turek LP, Haugen TH. Human
papillomavirus and risk of oral cancer. The Laryngoscope. 1998;108(7):1098-1103.

89.

Castellsague X, Alemany L, Quer M, et al. HPV Involvement in Head and Neck Cancers:
Comprehensive Assessment of Biomarkers in 3680 Patients. J Natl Cancer Inst.
2016;108(6):djv403.

90.

Chernock RD, Zhang Q, El-Mofty SK, Thorstad WL, Lewis JS. Human Papillomavirus–
Related Squamous Cell Carcinoma of the Oropharynx: A Comparative Study in Whites
and African Americans. Arch Otolaryngol Neck Surg. 2011;137(2):163-169.
doi:10.1001/archoto.2010.246.

91.

D’Souza G, Gross ND, Pai SI, et al. Oral human papillomavirus (HPV) infection in HPVpositive patients with oropharyngeal cancer and their partners. J Clin Oncol Off J Am Soc
Clin Oncol. 2014;32(23):2408-2415.

92.

Chaturvedi AK, Graubard BI, Broutian T, et al. NHANES 2009-2012 Findings: Association of
Sexual Behaviors with Higher Prevalence of Oral Oncogenic Human Papillomavirus
Infections in U.S. Men. Cancer Res. 2015;75(12):2468-2477.

93.

Schwartz SM, Daling JR, Doody DR, et al. Oral cancer risk in relation to sexual history and
evidence of human papillomavirus infection. J Natl Cancer Inst. 1998;90(21):1626-1636.

94.

Bui TC, Markham CM, Ross MW, Mullen PD. Examining the Association between Oral
Health and Oral HPV Infection. Cancer Prev Res (Phila Pa). 2013;6(9):917-924.
doi:10.1158/1940-6207.CAPR-13-0081.

95.

Pytynia KB, Dahlstrom KR, Sturgis EM. Epidemiology of HPV-associated oropharyngeal
cancer. Oral Oncol. 2014;50(5):380-386. doi:10.1016/j.oraloncology.2013.12.019.

96.

Marur S, D’Souza G, Westra WH, Forastiere AA. HPV-associated head and neck cancer: a
virus-related cancer epidemic. Lancet Oncol. 2010;11(8):781–789.

35

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

97.

Smith EM, Ritchie JM, Summersgill KF, et al. Age, sexual behavior and human
papillomavirus infection in oral cavity and oropharyngeal cancers. Int J Cancer.
2004;108(5):766-772. doi:10.1002/ijc.11633.

98.

Rettig E, Kiess AP, Fakhry C. The role of sexual behavior in head and neck cancer:
implications for prevention and therapy. Expert Rev Anticancer Ther. 2015;15(1):35-49.
doi:10.1586/14737140.2015.957189.

99.

D’Souza G, Kreimer AR, Viscidi R, et al. Case–control study of human papillomavirus and
oropharyngeal cancer. N Engl J Med. 2007;356(19):1944–1956.

100. Zandberg DP, Liu S, Goloubeva OG, Schumaker LM, Cullen KJ. Emergence of HPV16Positive Oropharyngeal Cancer in Black Patients Over Time: University of Maryland 19922007. Cancer Prev Res (Phila Pa). 2015;8(1):12-19. doi:10.1158/1940-6207.CAPR-140089-T.
101. Fakhry C, Zhang Q, Nguyen-Tan PF, et al. Human papillomavirus and overall survival after
progression of oropharyngeal squamous cell carcinoma. J Clin Oncol Off J Am Soc Clin
Oncol. 2014;32(30):3365-3373. doi:10.1200/JCO.2014.55.1937.
102. Elwood JM, Sutcliffe SB. Cancer control and the burden of cancer. In: Elwood JM, Sutcliffe
SB, eds. Cancer Control. New York, NY: Oxford University Press; 2010.
103. Donovan, D, MacDowell, I, eds. Theory: Thinking About Health: Basic Concept in
Prevention, Surveillance, and Health Promotion. In: AFMC Primer on Public Health
Population. Association of Faculties of Medicine of Canada; 2011.
http://phprimer.afmc.ca/Part1TheoryThinkingAboutHealth/Chapter4BasicConceptsInPreventionSurveillanceAndHealthP
romotion/Thestagesofprevention. Accessed March 11, 2016.
104. Alfano MC, Horowitz AM. Professional and community efforts to prevent morbidity and
mortality from oral cancer. J Am Dent Assoc. 2001;132(1):29S.
doi:10.14219/jada.archive.2001.0385.
105. American Cancer Society. Signs and symptoms of oral cavity and oropharyngeal cancer.
Oral Cavity and Oropharyngeal Cancer.
http://www.cancer.org/cancer/oralcavityandoropharyngealcancer/detailedguide/oralcavity-and-oropharyngeal-cancer-signs-symptoms. Accessed June 4, 2016.
106. Gomez I, Seoane J, Varela-Centelles P, Diz P, Takkouche B. Is diagnostic delay related to
advanced-stage oral cancer? A meta-analysis. Eur J Oral Sci. 2009;117(5):541-546.
doi:10.1111/j.1600-0722.2009.00672.x.
36

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

107. Bhoopathi V, Mascarenhas AK. Utility of oral cancer diagnostic adjuncts in the adult US
populations. J Oral Pathol Med. 2013;42(5):363-367. doi:10.1111/jop.12027.
108. Glick M, Johnson NW. Oral and oropharyngeal cancer. J Am Dent Assoc.
2011;142(8):892–894.
109. Rethman MP, Carpenter W, Cohen EE, et al. Evidence-based clinical recommendations
regarding screening for oral squamous cell carcinomas. J Am Dent Assoc.
2010;141(5):509–520.
110. Edwards PC. Oral cancer screening for asymptomatic adults: do the United States
Preventive Services Task Force draft guidelines miss the proverbial forest for the trees?
Oral Surg Oral Med Oral Pathol Oral Radiol. 2013;116(2):131–134.
111. Moyer VA. Screening for oral cancer: U.S. Preventive Services Task Force
recommendation statement. Ann Intern Med. 2014;160(1):55-60. doi:10.7326/M132568.
112. Brocklehurst P, Kujan O, O’Malley LA, Ogden G, Shepherd S, Glenny A-M. Screening
programmes for the early detection and prevention of oral cancer. Cochrane Database
Syst Rev. 2013;(11):CD004150. doi:10.1002/14651858.CD004150.pub4.
113. Montero PH, Patel PD, Palmer FL, et al. Changing trends in smoking and alcohol
consumption in patients with oral cancer treated at Memorial Sloan-Kettering Cancer
Center from 1985 to 2009. Arch Otolaryngol Head Neck Surg. 2012;138(9):817-822.
doi:10.1001/archoto.2012.1792.
114. Chen AY, DeSantis C, Jemal A. US mortality rates for oral cavity and pharyngeal cancer by
educational attainment. Arch Otolaryngol Head Neck Surg. 2011;137(11):1094-1099.
doi:10.1001/archoto.2011.180.
115. Martin LM, Bouquot JE, Wingo PA, Heath CWJ. Cancer prevention in the dental practice:
oral cancer screening and tobacco cessation advice. J Public Health Dent. 1996;56(6):336340.
116. Syme SE, Drury TF, Horowitz AM. Maryland dental hygienists’ knowledge and opinions of
oral cancer risk factors and diagnostic procedures. Oral Dis. 2001;7(3):177-184.
117. Gansky SA, Ellison JA, Kavanagh C, Hilton JF, Walsh MM. Oral screening and brief spit
tobacco cessation counseling: a review and findings. J Dent Educ. 2002;66(9):1088–1098.
118. Ashe TE, Elter JR, Southerland JH, Strauss RP, Patton LL. North Carolina dental hygienists’
assessment of patients’ tobacco and alcohol use. J Dent Hyg. 2005;79(2):9.
37

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

119. Miller PM, Heideman PW, Ravenel MC, et al. Preliminary development and evaluation of
online tobacco and alcohol modules for dental students. J Dent Educ. 2011;75(6):791796.
120. LeHew CW, Epstein JB, Koerber A, Kaste LM. Training in the primary prevention and early
detection of oral cancer: pilot study of its impact on clinicians’ perceptions and
intentions. Ear Nose Throat J. 2009;88(1):748-753.
121. LeHew CW, Kaste LM. Oral cancer prevention and early detection knowledge and
practices of Illinois dentists–a brief communication. J Public Health Dent. 2007;67(2):89–
93.
122. LeHew CW, Epstein JB, Kaste LM, Choi Y-K. Assessing oral cancer early detection:
clarifying dentists’ practices. J Public Health Dent. 2010;70:93-100. doi:10.1111/j.17527325.2009.00148.x.
123. Houston TK, Richman JS, Ray MN, et al. Internet delivered support for tobacco control in
dental practice: randomized controlled trial. J Med Internet Res. 2008;10(5):e38.
doi:10.2196/jmir.1095.
124. Viswanath A, Kerns TJ, Sorkin JD, Dwyer DM, Groves C, Steinberger EK. Self-reported oral
cancer screening by smoking status in Maryland: trends over time: Oral cancer screening
in Maryland. J Public Health Dent. 2013;73(4):261-270. doi:10.1111/jphd.12012.
125. Horowitz A, Canto MT, Child WL. Maryland adults’ perspectives on oral cancer prevention
and early detection. J Am Dent Assoc. 2002;133(8):1058-1063.
doi:10.14219/jada.archive.2002.0329.
126. Horowitz AM, Nourjah P, Gift HC. U.S. adult knowledge of risk factors and signs of oral
cancers: 1990. J Am Dent Assoc 1939. 1995;126(1):39-45.
127. Horowitz AM, Goodman HS, Yellowitz JA, Nourjah PA. The need for health promotion in
oral cancer prevention and early detection. J Public Health Dent. 1996;56(6):319–330.
128. Tomar SL, Logan HL. Florida adults’ oral cancer knowledge and examination experiences.
J Public Health Dent. 2005;65(4):221-230.
129. Ling H, Gadalla S, Israel E, et al. Oral cancer exams among cigarette smokers in Maryland.
Cancer Detect Prev. 2006;30(6):499-506. doi:10.1016/j.cdp.2006.10.005.
130. Macek MD, Reid BC, Yellowitz JA. Oral cancer examinations among adults at high risk:
findings from the 1998 National Health Interview Survey. J Public Health Dent.
2003;63(2):119–125.
38

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

131. Klassen AC, Juon H-S, Alberg AJ, Reid BC, Meissner HI. Opportunities for oral cancer
screening among older African-American women. Prev Med. 2003;37(5):499-506.
doi:10.1016/S0091-7435(03)00176-2.
132. Howell JL, Shepperd JA, Logan H. Barriers to oral cancer screening: a focus group study of
rural Black American adults: Barriers to oral cancer screening. Psychooncology.
2013;22(6):1306-1311. doi:10.1002/pon.3137.
133. Shepperd JA, Howell JL, Logan H. A survey of barriers to screening for oral cancer among
rural Black Americans: Barriers to oral cancer screening. Psychooncology. 2014;23(3):276282. doi:10.1002/pon.3415.
134. Gonzalez YM, Lozier EB. Oral cancer screening, dental needs assessment and risk factors
literacy in Hispanic population of western New York. N Y State Dent J. 2007;73(6):32-35.
135. Cruz GD, Le Geros RZ, Ostroff JS, Hay JL, Kenigsberg H, Franklin DM. Oral cancer
knowledge, risk factors and characteristics of subjects in a large oral cancer screening
program. J Am Dent Assoc. 2002;133(8):1064-1071.
doi:10.14219/jada.archive.2002.0330.
136. Riley JL, Pomery EA, Dodd VJ, Muller KE, Guo Y, Logan HL. Disparities in Knowledge of
Mouth or Throat Cancer Among Rural Floridians: Disparities in Knowledge of Mouth or
Throat Cancer. J Rural Health. 2013;29(3):294-303. doi:10.1111/jrh.12003.
137. Riley III JL, Dodd VJ, Muller KE, Guo Y, Logan HL. Psychosocial factors associated with
mouth and throat cancer examinations in rural Florida. Am J Public Health.
2012;102(2):e7–e14.
138. Reiter PL, Wee AG, Lehman A, Paskett ED. Oral cancer screening and dental care use
among women from Ohio Appalachia. Rural Remote Health. 2012;12:2184.
139. Johnson S, McDonald JT, Corsten M. Oral cancer screening and socioeconomic status. J
Otolaryngol - Head Neck Surg J Oto-Rhino-Laryngol Chir Cervico-Faciale. 2012;41(2):102107.
140. Logan HL, Guo Y, Emanuel AS, et al. Determinants of First-Time Cancer Examinations in a
Rural Community: A Mechanism for Behavior Change. Am J Public Health.
2015;105(7):1424-1431. doi:10.2105/AJPH.2014.302516.
141. Canto MT, Kawaguchi Y, Horowitz AM. Coverage and quality of oral cancer information in
the popular press: 1987–98. J Public Health Dent. 1998;58(3):241–247.

39

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

142. Baysac MAS, Horowitz AM, Ma D-S. Oral cancer information in health education
textbooks. J Cancer Educ Off J Am Assoc Cancer Educ. 2004;19(1):12-16.
doi:10.1207/s15430154jce1901_07.
143. Mongeau SW, Horowitz A. Assessment of reading level and content adequacy of oral
cancer educational materials from USAF dental clinics. J Cancer Educ Off J Am Assoc
Cancer Educ. 2004;19(1):29-36. doi:10.1207/s15430154jce1901_09.
144. Graham JA, Horowitz AM, Canto MT. Coverage and quality of oral cancer information in
selected popular press: May 1998 to July 2003. J Public Health Dent. 2004;64(4):231-236.
145. Maurizio SJ, Lukes SM, DeMattei R. An assessment of printed oral cancer materials from
local health departments in Illinois. Am Dent Hyg Assoc. 2005;79(1):10–10.
146. Glanz K, Rimer BK, Viswanath K, eds. Health Behavior and Health Education: Theory,
Research, and Practice. 4 edition. San Francisco, CA: Jossey-Bass; 2008.
147. Horowitz AM, Siriphant P, Sheikh A, Child WL. Perspectives of Maryland dentists on oral
cancer. J Am Dent Assoc. 2001;132(1):65-72. doi:10.14219/jada.archive.2001.0027.
148. Choi Y, Dodd V, Watson J, Tomar SL, Logan HL, Edwards H. Perspectives of African
Americans and dentists concerning dentist–patient communication on oral cancer
screening. Patient Educ Couns. 2008;71(1):41-51. doi:10.1016/j.pec.2007.11.011.
149. Ismail AI, Jedele JM, Lim S, Tellez M. A marketing campaign to promote screening for oral
cancer. J Am Dent Assoc. 2012;143(9):e57–e66.
150. Jedele JM, Ismail AI. Evaluation of a multifaceted social marketing campaign to increase
awareness of and screening for oral cancer in African Americans: Mass media and oral
cancer screening. Community Dent Oral Epidemiol. 2010;38(4):371-382.
doi:10.1111/j.1600-0528.2010.00545.x.
151. Stahl S, Meskin L, Brown LJ. The American Dental Association’s oral cancer campaign: The
impact on consumers and dentists. J Am Dent Assoc. 2004;135(9):1261-1267.
152. Truman BI, Gooch BF, Sulemana I, et al. Reviews of evidence on interventions to prevent
dental caries, oral and pharyngeal cancers, and sports-related craniofacial injuries. Am J
Prev Med. 2002;23(1 Suppl):21-54.
153. Papas, Rebecca K., Logan, Henrietta L., Tomar, Scott L. Effectiveness of a CommunityBased Oral Cancer Awareness Campaign. Cancer Causes Control. 2004;15(2):121-131.

40

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

154. McCunniff MD, Barker GJ, Barker BE, Williams K. Health professionals’ baseline
knowledge of oral/pharyngeal cancers. J Cancer Educ Off J Am Assoc Cancer Educ.
2000;15(2):79-81. doi:10.1080/08858190009528661.
155. Sohn W, Ismail AI, Kolker JL. Knowledge of Oral Cancer and Screening Practices of Primary
Care Providers at Federally Qualified Health Centers. J Public Health Dent.
2005;65(3):160-165. doi:10.1111/j.1752-7325.2005.tb02806.x.
156. Alonge OK, Narendran S. Opinions about oral cancer prevention and early detection
among dentists practising along the Texas–Mexico border. Oral Dis. 2003;9(1):41–45.
157. Mahalaha SA, Cheruvu VK, Smyth KA. Oral cancer screening: Practices, knowledge, and
opinions of dentists working in Ohio nursing homes. Spec Care Dentist. 2009;29(6):237243. doi:10.1111/j.1754-4505.2009.00105.x.
158. Applebaum E, Ruhlen TN, Kronenberg FR, Hayes C, Peters ES. Oral cancer knowledge,
attitudes and practices: a survey of dentists and primary care physicians in
Massachusetts. J Am Dent Assoc 1939. 2009;140(4):461-467.
159. Reed SG, Cartmell KB, Duffy NG, et al. Oral Cancer Preventive Practices of South Carolina
Dentists and Physicians. J Cancer Educ. 2010;25(2):166-173. doi:10.1007/s13187-0090025-x.
160. Maybury C, Horowitz AM, Yan AF, Green KM, Wang MQ. Maryland dentists’ knowledge
of oral cancer prevention and early detection. J Calif Dent Assoc. 2012;40(4):341-350.
161. Daley E, Dodd V, DeBate R, et al. Prevention of HPV-related oral cancer: assessing
dentists’ readiness. Public Health. 2014;128(3):231-238. doi:10.1016/j.puhe.2013.12.002.
162. Cruz GD, Ostroff JS, Kumar JV, Gajendra S. Preventing and detecting oral cancer: oral
health care providers’ readiness to provide health behavior counseling and oral cancer
examinations. J Am Dent Assoc. 2005;136(5):594–601.
163. Ashe TE, Elter JR, Southerland JH, Strauss RP, Patton LL. North Carolina dental hygienists’
oral cancer knowledge and opinions: implications for education. J Cancer Educ Off J Am
Assoc Cancer Educ. 2006;21(3):151-156. doi:10.1207/s15430154jce2103_13.
164. Bigelow C, Patton LL, Strauss RP, Wilder RS. North Carolina dental hygienists’ view on oral
cancer control. Am Dent Hyg Assoc. 2007;81(4):83–83.
165. Cotter JC, Schneiderman ED, McCann AL, De Wald JP, Campbell PR. Factors affecting the
performance of oral cancer screenings by Texas dental hygienists. J Dent Hyg.
2011;85(4):326.
41

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

166. Syme SE, Drury TF, Horowitz AM. Maryland dental hygienists’ assessment of patients’ risk
behaviors for oral cancer. J Dent Hyg JDH Am Dent Hyg Assoc. 2001;75(1):25-38.
167. Thacker K, Kaste L, Homsi K, LeHew C. An assessment of oral cancer curricula in dental
hygiene programmes: implications for cancer control. [available online ahead of print
June 2015] Int J Dent Hyg. doi:10.1111/idh.12150.
168. Patton LL, Ashe TE, Elter JR, Southerland JH, Strauss RP. Adequacy of training in oral
cancer prevention and screening as self-assessed by physicians, nurse practitioners, and
dental health professionals. Oral Surg Oral Med Oral Pathol Oral Radiol Endodontology.
2006;102(6):758-764. doi:10.1016/j.tripleo.2005.10.072.
169. Siriphant P, Drury TF, Horowitz AM, Harris RM. Oral cancer knowledge and opinions
among Maryland nurse practitioners. J Public Health Dent. 2001;61(3):138-144.
170. Siriphant P, Horowitz AM, Child WL. Perspectives of Maryland adult and family practice
nurse practitioners on oral cancer. J Public Health Dent. 2001;61(3):145–149.
171. Mohyuddin N, Langerman A, LeHew C, Kaste L, Pytynia K. Knowledge of head and neck
cancer among medical students at 2 Chicago universities. Arch Otolaryngol Head Neck
Surg. 2008;134(12):1294-1298. doi:10.1001/archotol.134.12.1294.
172. Ferullo A, Silk H, Savageau JA. Teaching Oral Health in U.S. Medical Schools: Results of a
National Survey: Acad Med. 2011;86(2):226-230. doi:10.1097/ACM.0b013e3182045a51.
173. Daley E, DeBate R, Dodd V, et al. Exploring awareness, attitudes, and perceived role
among oral health providers regarding HPV-related oral cancers: HPV-related oral
cancers. J Public Health Dent. 2011;71(2):136-142. doi:10.1111/j.17527325.2011.00212.x.
174. Daley E, DeBate R, Vamos C, et al. Transforming Women’s Oral-Systemic Health Through
Discovery, Development, and Delivery. J Womens Health. 2013;22(4):299-302.
doi:10.1089/jwh.2012.4197.
175. Laronde DM, Williams PM, Hislop TG, et al. Decision making on detection and triage of
oral mucosa lesions in community dental practices: screening decisions and referral.
Community Dent Oral Epidemiol. 2014;42(4):375-384. doi:10.1111/cdoe.12093.
176. Kondori I, Mottin RW, Laskin DM. Accuracy of dentists in the clinical diagnosis of oral
lesions. Quintessence Int. 2011;42(7) : 575-577.

42

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

177. Ringham BM, Alonzo TA, Brinton JT, et al. Reducing decision errors in the paired
comparison of the diagnostic accuracy of screening tests with Gaussian outcomes. BMC
Med Res Methodol. 2014;14:37. doi:10.1186/1471-2288-14-37.
178. Cook BL, McGuire TG, Zaslavsky AM. Measuring Racial/Ethnic Disparities in Health Care:
Methods and Practical Issues. Health Serv Res. 2012;47(3pt2):1232-1254.
doi:10.1111/j.1475-6773.2012.01387.x.
179. Chesson HW, Ekwueme DU, Saraiya M, Watson M, Lowy DR, Markowitz LE. Estimates of
the annual direct medical costs of the prevention and treatment of disease associated
with human papillomavirus in the United States. Vaccine. 2012;30(42):6016-6019.
doi:10.1016/j.vaccine.2012.07.056.
180. Hu D, Goldie S. The economic burden of noncervical human papillomavirus disease in the
United States. Am J Obstet Gynecol. 2008;198(5):500.e1-500.e7.
doi:10.1016/j.ajog.2008.03.064.
181. Lee MK, Nalliah RP, Kim MK, et al. Prevalence and impact of complications on outcomes
in patients hospitalized for oral and oropharyngeal cancer treatment. Oral Surg Oral Med
Oral Pathol Oral Radiol Endodontology. 2011;112(5):581-591.
doi:10.1016/j.tripleo.2011.06.032.
182. Ekwueme DU, Chesson HW, Zhang KB, Balamurugan A. Years of potential life lost and
productivity costs because of cancer mortality and for specific cancer sites where human
papillomavirus may be a risk factor for carcinogenesis-United States, 2003. Cancer.
2008;113(S10):2936-2945. doi:10.1002/cncr.23761.
183. Epstein JD, Knight TK, Epstein JB, Bride MA, Nichol MB. Cost of care for early- and latestage oral and pharyngeal cancer in the California Medicaid population. Head Neck.
2008;30(2):178-186. doi:10.1002/hed.20670.
184. Hollenbeak CS, Kulaylat AN, Mackley H, Koch W, Schaefer EW, Goldenberg D.
Determinants of Medicare Costs for Elderly Patients With Oral Cavity and Pharyngeal
Cancers. JAMA Otolaryngol Neck Surg. 2015;141(7):628-635.
doi:10.1001/jamaoto.2015.0940.
185. Lang K, Sussman M, Friedman M, et al. Incidence and costs of treatment-related
complications among patients with advanced squamous cell carcinoma of the head and
neck. Arch Otolaryngol Neck Surg. 2009;135(6):582–588.
186. Li R, Fakhry C, Koch WM, Gourin CG. The Effect of tumor subsite on short-term outcomes
and costs of care after oral cancer surgery: Oral Tongue Cancer Surgery and Outcomes.
The Laryngoscope. 2013;123(7):1652-1659. doi:10.1002/lary.23952.
43

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

187. Jacobson JJ, Epstein JB, Eichmiller FC, et al. The cost burden of oral, oral pharyngeal, and
salivary gland cancers in three groups: commercial insurance, Medicare, and Medicaid.
Head Neck Oncol. 2012;4(1):1.
188. Streeter SB, Schwartzberg L, Husain N, Johnsrud M. Patient and plan characteristics
affecting abandonment of oral oncolytic prescriptions. J Oncol Pract. 2011;7(3S):46s–51s.
189. Morse DE, Kerr AR. Disparities in oral and pharyngeal cancer incidence, mortality and
survival among black and white Americans. J Am Dent Assoc. 2006;137(2):203–212.
190. McLean A, LeMay W, Vila P, Wegner M, Remington P. Disparities in oral and pharyngeal
cancer incidence and mortality among Wisconsin residents, 1999-2002. WMJ Off Publ
State Med Soc Wis. 2006;105(6):32-35.
191. Tomar SL, Loree M, Logan H. Racial differences in oral and pharyngeal cancer treatment
and survival in Florida. Cancer Causes Control CCC. 2004;15(6):601-609.
doi:10.1023/B:CACO.0000036166.21056.f9.
192. Shiboski CH, Schmidt BL, Jordan RCK. Racial disparity in stage at diagnosis and survival
among adults with oral cancer in the US. Community Dent Oral Epidemiol.
2007;35(3):233-240. doi:10.1111/j.0301-5661.2007.00334.x.
193. Settle K, Posner MR, Schumaker LM, et al. Racial survival disparity in head and neck
cancer results from low prevalence of human papillomavirus infection in black
oropharyngeal cancer patients. Cancer Prev Res Phila Pa. 2009;2(9):776-781.
doi:10.1158/1940-6207.CAPR-09-0149.
194. Caplan DJ, Hertz-Picciotto I. Racial differences in survival of oral and pharyngeal cancer
patients in North Carolina. J Public Health Dent. 1998;58(1):36-43.
195. Worsham MJ, Divine G, Kittles RA. Race as a social construct in head and neck cancer
outcomes. Otolaryngol--Head Neck Surg Off J Am Acad Otolaryngol-Head Neck Surg.
2011;144(3):381-389. doi:10.1177/0194599810393884.
196. Miller CS, Henry RG, Rayens MK. Disparities in risk of and survival from oropharyngeal
squamous cell carcinoma. Oral Surg Oral Med Oral Pathol Oral Radiol Endodontology.
2003;95(5):570-575. doi:10.1067/moe.2003.108.
197. Hiscock R, Bauld L, Amos A, Fidler JA, Munafò M. Socioeconomic status and smoking: a
review: Hiscock et al. Ann N Y Acad Sci. 2012;1248(1):107-123. doi:10.1111/j.17496632.2011.06202.x.

44

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

198. Pampel FC, Krueger PM, Denney JT. Socioeconomic Disparities in Health Behaviors. Annu
Rev Sociol. 2010;36(1):349-370. doi:10.1146/annurev.soc.012809.102529.
199. Agaku IT, Adisa AO. Nativity status and oral cancer survival in the United States:
implications for dental clinical practice. Quintessence Int Berl Ger 1985. 2014;45(4):355359. doi:10.3290/j.qi.a31344.
200. Suárez E, Calo WA, Hernández EY, Diaz EC, Figueroa NR, Ortiz AP. Age-standardized
incidence and mortality rates of oral and pharyngeal cancer in Puerto Rico and among
Non-Hispanics Whites, Non-Hispanic Blacks, and Hispanics in the USA. BMC Cancer.
2009;9(1):129. doi:10.1186/1471-2407-9-129.
201. Morse DE, Psoter WJ, De La Torre Feliciano T, Cruz G, Figueroa N. Detection of very early
oral cancers in Puerto Rico. Am J Public Health. 2008;98(7):1200–1202.
202. Luryi AL, Chen MM, Mehra S, Roman SA, Sosa JA, Judson BL. Treatment Factors
Associated With Survival in Early-Stage Oral Cavity Cancer: Analysis of 6830 Cases From
the National Cancer Data Base. JAMA Otolaryngol-- Head Neck Surg. 2015;141(7):593598. doi:10.1001/jamaoto.2015.0719.
203. Davenport C, Elley K, Salas C, et al. The clinical effectiveness and cost-effectiveness of
routine dental checks: a systematic review and economic evaluation. 2003; 7(7): 1-127.
204. Langevin SM, Michaud DS, Eliot M, Peters ES, McClean MD, Kelsey KT. Regular dental
visits are associated with earlier stage at diagnosis for oral and pharyngeal cancer. Cancer
Causes Control. 2012;23(11):1821-1829. doi:10.1007/s10552-012-0061-4.
205. Oh J, Kumar J, Cruz G. Racial and Ethnic Disparity in Oral Cancer Awareness and
Examination: 2003 New York State BRFSS. J Public Health Dent. 2008;68(1):30-38.
doi:10.1111/j.1752-7325.2007.00075.x.
206. Worsham MJ, Stephen JK, Chen KM, et al. Improved survival with HPV among African
Americans with oropharyngeal cancer. Clin Cancer Res Off J Am Assoc Cancer Res.
2013;19(9):2486-2492. doi:10.1158/1078-0432.CCR-12-3003.
207. Liu JC, Parajuli S, Blackman E, et al. High prevalence of discordant human papillomavirus
and p16 oropharyngeal squamous cell carcinomas in an African American cohort. Head
Neck. 2016 Apr; 38 Suppl 1:E867-72. doi: 10.1002/hed.24117
208. Weng Y, Korte JE. Racial disparities in being recommended to surgery for oral and
oropharyngeal cancer in the United States: Racial disparities in oral cancer. Community
Dent Oral Epidemiol. 2012;40(1):80-88. doi:10.1111/j.1600-0528.2011.00638.x.
45

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

209. Kirby JB, Kaneda T. Unhealthy and uninsured: exploring racial differences in health and
health insurance coverage using a life table approach. Demography. 2010;47(4):1035–
1051.
210. Institute of Medicine, National Research Council. Improving Access to Oral Health Care
for Vulnerable and Underserved Populations. National Academies Press; Washington, DC:
2011.
211. Bolin KA. Assessment of treatment provided by dental health aide therapists in Alaska: a
pilot study. J Am Dent Assoc 1939. 2008;139(11):1530-1535-1539.
212. Bader JD, Lee JY, Shugars DA, Burrus BB, Wetterhall S. Clinical technical performance of
dental therapists in Alaska. J Am Dent Assoc 1939. 2011;142(3):322-326.
213. Minnesota Department of Health, Minnesota Board of Dentistry. Early Impacts of Dental
Therapists in Minnesota: Report to the Minnesota Legislature 2014. Minnesota
Department of Health; St. Paul, MN. February 2014.
http://www.health.state.mn.us/divs/orhpc/workforce/dt/dtlegisrpt.pdf Accessed August
2016.
214. Buykx P, Humphreys J, Wakerman J, Pashen D. Systematic review of effective retention
incentives for health workers in rural and remote areas: towards evidence-based policy.
Aust J Rural Health. 2010;18(3):102-109. doi:10.1111/j.1440-1584.2010.01139.x.
215. Renner DM, Westfall JM, Wilroy LA, Ginde AA. The influence of loan repayment on rural
healthcare provider recruitment and retention in Colorado. Rural Remote Health.
2010;10(4):1605.
216. Godwin DM, Hoang H, Crocombe LA, Bell E. Dental practitioner rural work movements: a
systematic review. Rural Remote Health. 2014;14(3):2825.
217. Office of Disease Prevention and Health Promotion. Healthy People 2020.
https://www.healthypeople.gov/. Published June 30, 2016. Accessed June 30, 2016.
218. Markowitz LE, Dunne EF, Saraiya M, et al. Human papillomavirus vaccination:
recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR
Recomm Rep Morb Mortal Wkly Rep Recomm Rep Cent Dis Control. 2014;63(RR-05):1-30.
219. Chattopadhyay A, Weatherspoon D, Pinto A. Human papillomavirus and oral cancer: a
primer for dental public health professionals. Community Dent Health. 2015;32(2):117128.

46

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers
in the United States 1995-2016

220. Centers for Disease Control and Prevention. Human Papillomavirus (HPV).
http://www.cdc.gov/hpv/. Published September 30, 2015. Accessed June 30, 2016.
221. Interprofessional Education Collaborative Expert Panel. Core Competencies for
Interprofessional Collaborative Practice: Report of an Expert Panel, 2011. Washington,
DC, Interprofessional Education Collaborative. Washington, DC: Interprofessional
Education Collaborative; 2011.
222. Changrani J, Gany FM, Cruz G, Kerr R, Katz R. Paan and Gutka Use in the United States: A
Pilot Study in Bangladeshi and Indian-Gujarati Immigrants in New York City. J Immigr
Refug Stud. 2006;4(1):99-110. doi:10.1300/J500v04n01_07.
223. Thomas S, Wilson A. A quantitative evaluation of the aetiological role of betel quid in oral
carcinogenesis. Eur J Cancer B Oral Oncol. 1993;29B(4):265-271.
224. Thomas SJ, Bain CJ, Battistutta D, Ness AR, Paissat D, Maclennan R. Betel quid not
containing tobacco and oral cancer: a report on a case-control study in Papua New
Guinea and a meta-analysis of current evidence. Int J Cancer. 2007;120(6):1318-1323.
doi:10.1002/ijc.22304.
225. Petti S, Masood M, Scully C. The magnitude of tobacco smoking-betel quid chewingalcohol drinking interaction effect on oral cancer in South-East Asia. A meta-analysis of
observational studies. PloS One. 2013;8(11):e78999. doi:10.1371/journal.pone.0078999.
226. Rahman M, Sakamoto J, Fukui T. Calculation of population attributable risk for bidi
smoking and oral cancer in south Asia. Prev Med. 2005;40(5):510-514.
doi:10.1016/j.ypmed.2004.09.030.
227. Dasanayake AP, Silverman AJ, Warnakulasuriya S. Mate drinking and oral and oropharyngeal cancer: a systematic review and meta-analysis. Oral Oncol. 2010;46(2):82-86.
doi:10.1016/j.oraloncology.2009.07.006.

47

Health system and policy implications of changing epidemiology for oral cavity and oropharynx cancers in the United States 1995-2016

Table 1. Statistically Significant Risk Factors for Oral Cavity Cancers: Meta-analyses Published Between January 1, 1995 and March 22, 2016.
First Author,
Reference #
Year
Turati, 2010

Study Period

38

Bagnardi, 2015

37

No. of
Studies

Sample Size
No. cases No. controls

Up to
September
2009

9
17

534
1,706

1,471
847

Before
September
2012

52

13,895

4,942

Cancer Site (Exposure)
Alcohol
OCC (Light drinkers)
OCC (Heavy drinkers)

Findings
OR

Comments
95% CI

1.17
a,c
4.64

a,c

1.01, 1.35
3.78, 5.70

Increased odds by site

a,c

1.00, 1.26
1.62, 2.07
4.31, 6.10

Increased odds: dose response

b,c

1.02, 1.29

Increased odds with Type 2 DM

a

0.40, 0.65
0.38, 0.65

Reduced odds

a,c

1.19, 3.06

Increased odds

a

2.49, 11.55

Increased odds: HPV detection
in OSCC vs. normal tissue

OCPC (Light drinkers)
OCPC (Moderate drinkers)
OCPC (Heavy drinkers)

1.13
a,c
1.83
a,c
5.13

Gong, 2015

42

January 1,
1966 – May
31, 2014

13

1,806

N/A

Diabetes
OCPC

1.15

Pavia, 2006

41

Up to
September
2005

16

65,802
57,993

N/A
N/A

Diet
OCC (Fruit)
OCC (Vegetables)

0.51
a
0.50

January 1966 –
May 2013

13

4,104

N/A

OCPC (Processed meat)

1.91

45

December
1982 – April
1997

19

N/A

N/A

HPV
OSCC

5.37

46

Inception to
February 2004

8

1,641

2,277

OCC

2.0

2005-2010

5

1,191

1,992

Periodontal disease
OCC

3.53

4
8
4

581
3,145
391

798
5,245
1,340

Smokeless tobacco
OCC (SLT-unspecified)
ALL SITES (CT)
ALL SITES (DS)

2.8
b,c
1.2
b,c
5.9

Xu, 2014

40

Miller, 2001

Hobbs, 2006

Yao, 2014

43

Rodu, 2002

47

1957-1998

d

b

48

a

b,c

1.2, 3.4

Increased odds

1.52, 8.23

Increased odds

1.9, 4.1
1.0, 1.4
1.7, 20

Increased odds: site and SLT
material specific
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Weitkunat,
44
2007
Conway, 2008

1920-2005
36

1950 September
2006

7
32

1,428
13,669

3,681
297,134

41
37
14
5

15,344

33,852

4,675
1,313

N/A
N/A

13
6
2
Wang, 2014

39

Up to June
2013

19
5

ALL SITES (SLT-unspecified)
OCC (All types of SLT)

b,c

1.9
a,e
1.87

1.5, 2.3
1.40, 2.48

Socioeconomic Status
All Countries Contributing Studies
a
OCPC (Low Education)
1.85
1.60, 2.15
a
OCPC (Low Occupation)
1.84
1.47, 2.31
a
OCPC (Low Income)
2.41
1.59, 3.65
North America
a
OCPC (Low Education)
1.62
1.34, 1.96
a
OCPC (Low Occupation)
1.63
1.31, 2.04
a
OCPC (Low Income)
3.41
2.14, 5.44
Tea
a,c
OCC (All teas studied)
0.85
0.78, 0.93
a,c
OCC (Green tea)
0.80
0.67, 0.95

Increased odds: summing all
SLT types
Increased odds

Reduced risk

Abbreviations: OCC, oral cavity; OCPC, oral cavity/pharynx; N/A, not available from published report; DM, Diabetes Mellitus; HPV, Human Papilloma Virus;
OSCC, oral squamous cell carcinoma; SLT, smokeless tobacco; CT, chewing tobacco; DS, dry snuff; SES, socioeconomic status;
a
adjusted
b
adjustment unclear
c
relative risk
d
years of publications of used studies
e
odds ratio or relative risk random-effects estimate
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Table 2. Significant Risk Factors for Oropharyngeal Cancers: Meta-analyses Published Between January 1, 1995 and March 22, 2016.
First Author,
Reference #
Year
Turati, 2010

Study Period

38

No. of
Studies

Sample Size
No. cases No. controls

Findings
Cancer Site (Exposure)
OR
Alcohol
a,c
P (Heavy drinkers)
6.62
a,c
T (Heavy drinkers)
4.11
a,c
OPC (Heavy drinkers)
7.76

Up to
September
2009

17
6
4

1,491
293
280

N/A
N/A
N/A

Up to
September
2009

45

17,085

N/A

Up to
October 2009

9

2,633

N/A

Coffee
OCP

January
1966- May
2013

13

4,104

N/A

Diet
OCPC (Processed meat)

Inception to
February
2004

5
8

383
217

1,816
163

AnsaryMoghaddam,
50
2009

By January
2007

24

14,934

N/A

47

1957-1998

3
3
3
2
1

169
298
655
362
93

472
947
2,718
457
393

Tramacere, 2010

Turati, 2011

Xu, 2014

49

40

Hobbs, 2006

Rodu, 2002

46

48

d

OCPC (Light drinkers)
OCPC (Heavy drinkers)

4.72, 9.29
2.46, 6.87
4.77, 12.62

Increased odds by site

1.21
b,c
5.24

b,c

1.10, 1.33
4.36, 6.30

Increased odds

a,c

0.51, 0.80

Reduced odds

0.64

HPV
OPC
T

a,c

1.91

b

4.3
b
15.1

Smoking Tobacco
OPC (Smoking)
OPC (<20 CPD)
OPC (≥20 CPD)
OPC (Smoking nondrinkers)
OPC (Smoking drinkers)
Smokeless Tobacco
P (SLT-unspecified)
OPC (DS)
OPC (SLT-unspecified)
OPL (CT)
OPL (DS)

50

Comments
95% CI

1.19, 3.06

2.1, 8.9
6.8, 33.7

Increased odds

Increased odds by site

a,c

2.74, 4.24
0.90, 2.88
1.78, 5.47
2.01, 3.41
5.28, 12.40

Increased odds with intensity
of exposure and alcohol

b,c

1.2, 4.4
2.7, 5.9
1.1, 2.0
1.2, 2.4
8.0, 20.0

Increased odds: site and SLT
material specific

3.41
a,c
1.61
a,c
3.12
a,c
2.62
a,c
8.07
2.3
b,c
4.0
b,c
1.5
b,c
1.7
b,c
13.0
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Abbreviations: N/A, not available from published report; P, pharynx; T, tonsil; OPC, oropharyngeal; OCPC, oral cavity/pharynx; HPV, Human Papilloma Virus;
CPD, cigarettes per day; SLT, smokeless tobacco; DS, dry snuff; OPL, oral cavity, pharynx, larynx; CT, chewing tobacco;
a
b
c
d
adjusted adjustments unclear relative risks years of publications of used studies
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