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Abstract 

Introduction 

Human papillomavirus (HPV) has been detected with varying frequency in oral cancers and in 

normal oral tissues. The main objective of the present study was to examine the association 

between HPV infection and risk of developing oral cancer. 

Methodology 

viii 

This investigation, as a component of an international multi-centre study coordinated by the 

IARC, followed a hospital-based case-control design. Cases consisted of newly diagnosed 

patients with primary squamous cell carcinoma of the oral cavity, including mouth and 

oropharynx. Controls were frequency matched to cases by sex, age, and hospita!. Ali subjects 

were interviewed to elicit detail information on known and putative risk factors. 

Oral exfoliated cells were collected from ail subjects for detection of HPV DNA using the 

PGMY09/11 PCR protoco!. Antibodies against HPV 16, 18, and 31 capsids were detected in 

patients' plasma using an immunoassay technique. Logistic regression was used for estimation 

of odds ratios (ORs) and 95% confidence intervals (CI) of oral cancer for HPV and other 

candidate risk factors. 

Results 

A total of 72 cases and 129 controls were recruited. HPV DNA was detected in 19% of cases 

(14 out of 72), and in 5% of controls (6 out of 129). Analysis for cancers related to Waldeyer's 

ring (palatine tonsil and base of tongue) showed that the OR of disease for detection of high 
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risk HPV types was 19.32 (95%CI:2.3-159.5), after adjustment for socio-demographic 

characteristics, tobacco and alcohol consumption. The adjusted OR of disease for HPV 16 

seropositivity was 31.51 (95%CI:4.5-219.7). Analysis for non tonsillar oral cancers showed that 

the OR for detection of high risk HPV DNA in oral cells and for serapositivity were 2.14 

(95%CI:0.4-13.0) and 3.16 (95%CI:O.8-13.0), respectively. 

Discussion 

The results from this study provide evidence supporting a strong association between HPV 

infection and cancers of the oropharynx, especially those arising fram Waldeyer's ring. On the 

other hand, the association with non tonsillar oral cancers was of much lower magnitude. The 

biological evidence establishing a firm etiologic link remains to be established for the latter 

subsites, whereas the association between HPV and Waldeyer's ring carcinomas is consistent 

with a causal link. 



Résumé 

Introduction 

x 

La prévalence de détection du virus du papillome humain (VPH) chez des individus atteints de 

cancer oral est variable et les études cas-témoins portant sur le VPH et le cancer oral n'ont pas 

fourni de résultats cohérents. L'objectif principal de cette étude était d'examiner l'association 

entre l'infection par le VPH et le risque de développement du cancer oral. 

Méthodologie 

Ce projet, une composante d'une étude internationale multicentrique coordonnée par le Centre 

international de recherche sur le cancer (CIRC), était basé sur un devis d'étude cas-témoins 

menée dans un hôpital. Les cas étaient des patients venant d'obtenir un diagnostic de 

carcinome primaire des cellules épidermoïdes de la cavité orale, incluant la bouche et 

l'oropharynx. Les sujets témoins, recrutés dans les mêmes hôpitaux, étaient assortis par 

fréquence aux cas, selon le sexe et l'âge. Tous les sujets ont été interviewés afin de recueillir 

des informations détaillées sur les facteurs de risque connus et potentiels. 

Des cellules orales exfoliées ont été recueillies chez tous les sujets pour la détection de l'ADN 

du VPH par le protocole PGMY09/11 basé sur la réaction de polymérisation en chaîne (PCR). 

Les anticorps dirigés contre les capsides des VPH 16, 18 et 31 ont été détectés dans le sérum 

des sujets. La méthode de régression logistique non conditionnelle a été utilisée pour 

l'estimation des ratios de cotes (ORs) du cancer oral pour le VPH et les autres facteurs de 

risque potentiels. 
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Résultats 

Un total de 72 cas et 129 sujets témoins ont été recrutés. L'ADN du VPH a été détecté chez 

19% des cas (14 sur 72) et 5% des témoins (6 sur 129). L'analyse pour les cancers reliés à 

l'anneau de Waldeyer (amygdales et base de la langue) a démontré que le OR de cancer pour 

la détection de VPH à risque élevé était de 19,32 (IC95% : 2,3-159,5), après contrôle pour les 

caractéristiques sociodémographiques et l'usage de tabac et d'alcool. Le OR ajusté pour la 

séropositivité pour le VPH 16 était de 31,51 (IC95% : 4,5-219,7). L'analyse pour les cancers 

oraux non amygdaliens a suggéré des ORs respectifs de 2,14 (IC95% : 0,4-13,0) pour la 

détection d'ADN du VPH à haut risque et de 3,16 (IC95% : 0,8-13,0) pour la séropositivité. 

Discussion 

Les résultats de ce projet, combinés à ceux d'autres études, suggèrent une forte association 

entre l'infection au VPH et les cancers de l'oropharynx, plus spécifiquement ceux de l'anneau 

de Waldeyer. Par contre, l'association pour les cancers oraux non amygdaliens est plus faible 

et les données biologiques et expérimentales n'ont pas permis d'établir un lien étiologique 

solide. 
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1. INTRODUCTION 

The International Agency for Research on Cancer (IARC) has concluded that there is 

compelling evidence, both from the biologie and epidemiologic standpoints, to consider 

human papillomavirus (HPV) infection as the main determinant of cervical cancer (IARC, 

1995). 

The mucosal epithelia of the uterine cervix and of the oral cavity are histologically very 

similar; they have the sa me embryological origin, both are exposed to the action of 

environ mental carcinogens, and most of the resulting malignancies are squamous in 

type. In fact, similar environmental carcinogens (such as tobacco and HPV) have been 

implicated in the etiology of both oral and cervical cancers. 

HPV involvement in carcinomas of the upper digestive and respiratory tracts has initially 

been suggested on the basis of histologie and immunohistochemical studies. With the 

advent of highly sensitive techniques used in molecular biology for viral detection, there 

is evidence suggesting that HPV infection may play a role in the etiology of oral 

malignant tumours, in addition to the one played in anogenital neoplasms. 

ln 1996, when 1 became involved in this project, the existing epidemiologicalevidence on 

this topic was scarce. Several case-series (with or without a comparison group) had 

dealt with the association between HPV and cancer of the oral cavity, but most of them 

were very small in size and not epidemiologically sound. Only one case-control study 

had been published, and it had several weaknesses (Maden et aL, 1992). Since then 

better design epidemiological studies have been published assessing the association of 
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i) detection of viral DNA with buccal and oropharyngeal cancers, ii) serological response 

to HPV with buccal and oropharyngeal cancers, iii) detection of HPV DNA and HPV 

serological response with buccal cancer. No published study have assessed the 

association of both markers of HPV infection -detection of oral HPV DNA and 

serological response- with buccal and oropharyngeal cancers. 

This project is part of a multinational multi-centre case-control study, coordinated by the 

IARC. In the process of designing this study, IARC researchers contacted several of the 

principal investigators responsible for the individual centres, including Montreal. 

The primary objective of the present project was to examine the association between 

HPV infection and risk of developing oral cancer, and with two subset of oral cancers: i) 

tonsillar related carcinomas (palatine tonsil and base of tongue), and ii) oral cancers not 

related to Waldeyer's ring. Secondary objectives were to assess the role of other known 

(i.e., smoking, alcohol drinking, fruit and vegetable intake) or putative (i.e., oral health, 

sexual behaviour) risk factors for cancer of the oral cavity in the study population, to 

assess the effect modification between HPV infection and tobacco smoking or alcohol 

drinking on oral cancer risk, and to examine sexual behaviour as a route of transmission 

for oral HPV infection. 



2. REVIEW OF THE LITERATURE 

2.1 CANCER OF THE ORAL CAVITY 

ln the medicalliterature, oral cancer sometimes includes cancers of the mouth alone, 

cancers of the mouth and the pharynx, or cancers of the mouth and the oropharynx. In 

this thesis, oral cancer will be defined to include malignant neoplasms of the lip 

[International Classification of Diseases, sth Revision(ICD-S) 140], tongue (lCD-S 141), 

gum (ICD-S 143), floor of the mouth (lCD-S 144), other parts of the mouth -including 

cheek mucosa, palate, and uvula- (ICD-S 145), and oro-pharynx (ICD-146). These 

cancers are usually studied together because they share similar etiological and 

biological features. Cancers of the salivary glands (ICD-S 142), nasopharynx (ICD-9 

147), and hypopharynx (ICD-9 149) will be excluded from this group. 

Histologically, over 90% of tumours of the oral cavity are squamous cell carcinomas 

(Jacobs, 1990; Chen et aL, 1990; Muir and Weiland, 1995; Ostman et aL, 1995). The 

incidence of these malignant lesions peaks in the 6th and th decades in most 

populations (Jensen et aL, 1990; Chen et aL, 1991). These cancers are more common 

in males than females: the M:F sex ratio is 2.0 for cancers of the mouth, and 4.4 for 

pharyngeal cancer (Parkin et aL, 1999). 

2.1.1 Descriptive Epidemiology 

2.1.1.1/ncidence 

3 

Cancers of the oral cavity are a major health problem in many parts of the world. These 

cancers account for over 300,000 incident cases around the world annually, and they 



represent 6% of new cancer cases worldwide among males, and 3% of ail cancers 

among females (Parkin et al., 1999). In less developed countries oral cancers are 

ranked as the sixth most frequent cancer in men, and the eighth malignancy in women 

(Parkin et al., 1999). 

4 

Table 1 shows the age-standardized incidence rates for the different regions of the 

world. The highest incidence of oral cancer is found in Melanesia (Pa pua New Guinea 

and Solomon Islands). In 1990 it was estimated in 38.8 per 1 OO,OOO/per year for males, 

and 23.6 for females. In Europe the highest incidence is seen in the Western part of the 

continent. The main contributors to this high incidence are France and Luxembourg, with 

annual rates of 34.9 and 26.8/100,000 for males, and 3.5 and 3.0 for females, 

respectively. The lowest incidence rates around the world are seen in Eastern Asia, 

China being the country with the lowest estimated annual incidence: 1.3 for males, and 

0.8/100,000 for females. 

ln Canada, the estimated number of oral cancer cases in 1998 was 3150,2200 among 

males and 950 among females. They represent 3.4% of ail new cancer cases, and 2.2% 

of ail cancer deaths (NCIC, 1998). The annual incidence rate is 15/100,000 for men and 

5/100,000 for women. In Quebec, the estimated total number of cases for 1998 was 

770, 580 among men and 190 among women. 

Not only the incidence rate of oral cancer varies between different geographical regions, 

but also its distribution among anatomical subsites. In men, both buccal and pharyngeal 

cancer are common in Western and Southern Europe, and South Asia, whereas mouth 

cancers (but not pharynx) are particularly frequent in Melanesia, Southern Africa, and 
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Table 1. Age-standardized 1 incidence rates of oral cancer 

for the different regions of the world (per 100,000), around 19902 

Males Females 

Africa 

Eastern Africa 9.7 5.6 

Middle Africa 6.8 3.3 

Northern Africa 5.7 2.2 

Southern Africa 17.3 3.7 

Western Africa 6.8 2.9 

America 

Carribean 12.2 6.2 

Central America 6.3 2.7 

South America 11.9 3.2 

North America 11.1 4.7 

Asia 

Eastern Asia 1.9 1.0 

South-Eastern Asia 6.3 3.4 

South Central Asia 19.9 8.8 

Western Asia 4.7 2.8 

Europe 

Eastern Europe 13.2 2.1 

Northern Europe 6.9 2.6 

Southern Europe 15.5 2.0 

Western Europe 21.1 3.0 

Oceania 

Australia/NewZealand 18.5 5.4 

Melanesia 38.8 23.6 

Micronesia 4.9 8.6 

Polynesia 14.2 3.6 

Worldwide 10.3 3.6 

1. Direct age standardization based on the world population of 1960. 

2. Source: Parkin et aL, 1999 
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Australia/New Zealand. While tongue and other mouth cancers predominate among oral 

cancers in South India, oropharyngeal cancer represents a high proportion of oral 

malignancies in France, Central and Eastern Europe. Lip cancer predominates in 

several regions of Australia and Canada; it accounts for more th an half of oral cancers 

in Newtoundland, Saskatchewan, and South Australia (Parkin et aL, 1997). 

The variation in incidence and distribution by subsite is due to differences in the relative 

distribution of specifie risk factors: smoking and alcohol consumption are high in 

Western and Southern Europe and Southern Africa, while the chewing of betel quid is 

highly prevalent in South-central Asia and Melanesia. The high rate of oral cancer in 

Australia is mainly due to lip cancer, a disease related to UV light exposure due to solar 

irradiation. Also, to a certain extent, misclassification by subsite may explain some of the 

differences in the distribution of anatomical subsites, especially in the cases of 

advanced cancers (Sankaranarayanan et aL, 1998). 

2. 1. 1.2 Mortality and Survival 

Worldwide, an estimated 197,000 deaths from oral cancer occur per year. Mortality from 

oral cancer is notably high among males in Melanesia (23.9/100,000), followed by South 

Central Asia (13.1/100,000). Worldwide, the estimated mortality rate for oral cancer per 

100,000 is 6.6 for males, and 2.3 for women (Pisani et aL, 1999). 

Survival of patients with oral cancer is generally lower than that for other cancers, such 

as breast, prostate, or bladder. The 5-year survival rate in the province of Quebec is 

49% for males, and 59% for females (NCIC, 1995). For cancers of the lip, the 5-year 

survival rate is higher than 80%. The prognosis for patients with regional spread of the 



disease (lymph node involvement) and/or distant metastasis is very poor, with survival 

rates after 5 years of less than 40%, and less than 20%, respectively (Wingo et aL, 

1995). A substantial proportion of surviving patients develop second primary cancers 

related to tobacco and alcohol consumption (Franco et aL, 1991). 

Not only is the length of survival short in comparison with many other neoplasms, but 

the quality of life of patients is considerably deteriorated due to the disfigurement and 

dysfunction that result from treatment. Coping with the permanent threat of disease 

recurrence and death is further complicated by the loss of function in communicating. 

2.1.1.3 Trends 
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Incidence rates for oral cancer have been slowly declining in India, Hong Kong, Brazil, 

and US whites. On the other hand, the rates are rising in most regions of the world (Blot 

et aL, 1994). In Europe, a slow but steady increase in incidence is evident among males 

in most populations; however, the increase is more pronounced in Central and Eastern 

Europe, where some populations have experienced more than 100% increase in the 

rates during the last decades (Sankaranarayanan et aL, 1998). Two-to-three-fold 

mortality increases have been recorded in these regions in the last three decades (La 

Vecchia et aL, 1992), especially for younger males (La Vecchia et aL, 1997). 

ln the Americas, rates have been stable or declining slowly in most populations. A 

declining trend is observed in US whites, but rates are stable among US blacks. In 

Canada, though there is a declining trend in the incidence of oral cancer, there has been 

a steady increase in tongue and pharyngeal cancer in several regions 

(Sankaranarayanan et aL, 1998; Parkin et al., 1997). 



2.1.2 Risk factors for oral cancer 

Although oral cancer is a disease with multifactorial etiology, tobacco use and alcohol 

consumption are the major risk factors. The distribution of risk factors varies 

considerably across populations. Tobacco smoking, alcohol drinking, dietary practices, 

occupational and environmental exposures, and genetic susceptibility vary 

geographically as a function of economic,'cultural, ethnic, and demographic 

characteristics. 

2.1.2.1 Tobacco and A/coho/ 

Tobacco and alcohol have long been implicated as the most important risk factors for 

oral cancers. Tobacco, whether smoked, chewed, or snuffed,is a major carcinogen 

causing both initiation and promotion of cancer of the oral cavity. There is extensive 

evidence of the carcinogenic role of tobacco in humans (IARC, 1986). 
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The incidence and mortality rates of oral cancer among smokers are substantially 

greater than those observed for never smokers. Although estimates vary, most studies 

have reported risk ratios for smokers versus never smokers ranging from 3 to 15, or 

even higher. Blot et al. (1988) analyzed data from a case-control study, comprising more 

than one thousand cases of oral cancer and population-based controls in U.S. 

metropolitan areas. Risk of disease for smokers was three to five times higher than that 

among non smokers. They showed a clear dose response relationship between intensity 

and duration of smoking with risk of oral cancer. 
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Kabat et al. (1989) investigated risk factors for oral cancer among females in New York. 

Current smoking was implicated with a risk of oral cancer three times higher than that of 

never smokers. Ex-smokers had a similar risk to that of never smokers. Franco et al. 

(1989) found odd ratios (ORs) of more than ten for heavy smokers, compared to never 

smokers in Southern Brazil. 

ln Italy, Franceschi et al. (1990) conducted a hospital-based case-control study on head 

and neck cancers. The ORs for current smokers, after controlling for alcohol and other 

confounders, were 11.1 for cancer of the mouth and 12.9 for pharyngeal cancer. The 

risk increased with number of cigarettes smoked daily, and with duration of smoking. 

Among ex-smokers, those who had quit smoking for more than ten years showed ORs 

close to unit for cancer of the mouth, and 3.7 for cancer of the pharynx. For smokers of 

only pipe or cigars, the risk for oral cancer was greater than for those who smoked only 

cigarettes (Blot et al., 1988; Franceschi et al., 1990; Schlecht et al., 1999). 

Smokeless tobacco (such as snuff and chewing tObacco), which is common in sorne 

parts of North America, has also been shown to be carcinogenic for the oral cavity. Winn 

et al. (1981) studied women living in rural North Carolina. They found a four-fold 

increased risk of oral cancer among nonsmokers who dipped snuff. There is also 

evidence that betel quid chewing, a common habit in the Eastern hemisphere, when 

consumed with tobacco, is carcinogenic (IARC, 1985). Sankaranarayanan et al. (1989) 

conducted a case-control study of gingival cancer in Southern India. They found strong 

associations between cancer risk and pan(betel)-tobacco chewing, as weil as with bidi 

and cigarette smoking. 
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Most patients who develop oral cancer drink alcohoL Although alcohol consumption is 

highly correlated with tobacco smoking the effect of alcohol drinking seems to be not 

only an effect modifier of smoking, but also it has an independent effect in increasing 

oral cancer risk. Several studies found an increased risk of oral cancer among smokers 

who did not drink, and among drinkers who did not smoke. (Blot et aL, 1988; Franceschi 

et aL, 1990; Schlecht et aL, 1999) 

Ali three forms of alcohol -wine, beer, and hard liquor- have been associated with oral 

cancer, although hard liquor seems to be the type of alcohol associated with the highest 

risk (Mashberg et aL, 1981; Spitz et aL, 1988; Merletti et aL, 1989; Franceschi et aL, 

1990; Ng et aL, 1993; Schlecht et aL, 2001). Most studies found a dose-response trend 

between intensity of alcohol drinking and increased risk of oral cancer. Several 

mechanisms have been suggested to implicate alcohol as an oral carcinogen (Fraumeni 

Jr., 1979; Doli and Peto, 1981; IARC, 1988). Firstly, alcohol may act as a solvent, 

facilitating the passage of carcinogens through cellular membranes. Another mechanism 

may be the alteration of the cellular metabolism of the epithelial cells at the target site by 

ethanol, which may also be aggravated by nutritional deficiencies (Rossing et aL, 1989). 

Aiso ethanol enhances liver metabolism, therefore it may activate some carcinogenic 

substances. 

Despite the tendency for alcohol consumption to be related to tobacco smoking, Hindle 

et al. (2000), in their study of the association between oral cancer and surrogate 

markers of smoking and alcohol consumption, supplied evidence that for males at least, 

alcohol may be more important than cigarette smoking in the etiology of oral cancer. 
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Most authors who analyzed the effect of both alcohol and tobacco have concluded that 

the combined effect of both exposures is at least greater than the additive effects, and, 

in most cases, greater than their multiplicative effects (Elwood et al., 1984; Cann et al., 

1985; Blot et al., 1988; Franco et al., 1989; Franceschi et al., 1990; Schlecht et al., 

1999). 

It has been calculated that tobacco smoking and alcohol drinking play a causal role in 

about 75% of ail oral cancer in North America (Blot et aL, 1988), and in Italy (Merletti et 

aL, 1989; Negri et aL, 1993), and in 80% of the cases in temperate South America 

(Franco et al., 1989). 

2.1.2.2 Dietary factors 

Despite the strong association between tobacco and alcohol with oral cancers, other 

factors, such as diet, have also been implicated in the etiology of oral cancer. 

Several epidemiological studies have shown that intake of fruits and vegetables rich in 

vitam in A and carotenes is inversely related to subsequent development of cancer 

(Graham et aL, 1977; Winn, 1995). Low intake of fruits and/or vegetables, which are the 

primary source of beta-carotene, has been linked to increased oral cancer risk and 

mortality (McLaughlin et aL, 1988; Franco et aL, 1989; Singh and Gaby, 1991; 

Franceschi et aL, 1991). Garewal (1994) summarized the findings of 54 studies that 

evaluated fruit and vegètable intake in the development of cancers of the upper 

aerodigestive tract: 52 of the 54 studies reviewed had shown a protective effect. 
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Numerous animal studies have demonstrated the inhibitory action of vitamin A in the 

development of epithelial tumours. A major physiologic role of vitamin A is to control cell 

differentiation (De Luca et al., 1972). Deficiency of vitamin A causes cellular alterations 

similar to those induced by chemical carcinogens. Beta carotene is metabolized into 

retinol, that controls expression of genes involved in cell differentiation and proliferation 

(Sporn and Roberts, 1983). Carotene itself may protect against oxidative reactions 

within the cell, th us limiting damage to DNA (Willett and MacMahon, 1984). 

Charcoal grilling, which introduces polycyclic aromatic hydrocarbons in food, was shown 

to be associated with increased risk of oral cancer in Brazil (Franco et al., 1991) but not 

in the U.S. (McLaughlin et al., 1988). Maté drinking, a tea-like beverage typical of 

temperate South America, which is drunk very hot, has been shown to be associated 

with increased risk (De Stefani et al., 1988; Pintos et al., 1994). 

2. 1.2.3 Genetic and Family factors 

Until recently, little attention has been paid to possible hereditary factors in oral cancer. 

There is now increasing epidemiological evidence from case-control studies that a family 

history of head and neck cancer may be a risk factor for the development of oral 

cancers. Studies by Copper et al. (1995) in Holland, by Foulkes et al. (1995) in Brazil 

and in Montreal (Foulkes et al., 1996), ail found an increased risk for developing head 

and neck cancer if first degree family members had had the same disease. The three 

studies found ORs in the vicinity of 3.5. However, Goldstein et al. (1994), who studied 

oral cancer, failed to find an association (OR=1.2; 95% CI: 0.7-2.3). 



13 

Several criticisms can be aimed at these studies. For example, cancer among relatives 

was not confirmed in any of the studies by checking their medical records. First degree 

relatives tend to share life style behaviours. In some studies (Goldstein et al., 1994; 

Copper et al., 1995) no attempt was made to collect information on strong confounders -

such as smoking and alcohol consumption- from relatives who had developed cancer, or 

the measurement was poor. 

Nevertheless, during the last decade, several authors have studied whether increased 

host susceptibility may play a role in the etiology of oral cancer. Individuals may be at 

increased cancer susceptibility due to less efficient detoxification of carcinogens, or 

more efficient activation of co-carcinogens, or a failure to maintain adequate DNA repair 

after carcinogen exposure (Jefferies and Foulkes, 2001). 

Cytochromes P450 (CYPs) is a superfamily of enzymes metabolizing various drugs and 

foreign chemicals. Some of them are important for carcinogen metabolism and 

activation: particularly those belonging to families 1-3. Gluthathione transferases (GSTs) 

and N-acetiltransferases (NATs), on the other hand, play an important role in the 

inactivation of carcinogens. If a pOlymorphism of one or more genes encoding for these 

enzymes leads to increased activation of carcinogens or decreased capacity to 

inactivate them (or both), it is possible that such an individual faces an increased risk of 

cancer when exposed to carcinogens. Scully et al.(2000) reviewed the association of 

oral cancer susceptibility with various genotypic polymorphisms such as cytochrome P-

450 (CYP1A1) and glutathione-S-transferase (GSTM1). Several studies (Katoh et aL, 

1999; Sato et aL, 1999; Tanimoto et aL, 1999) have shown that individuals with the 



GSTM1 and/or CYP1A1 genotype have a higher susceptibility for oral cancer, 

particularly with a low dose of cigarette smoking. 
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Certain polymorphisms in the p53 tumour suppressor gene have been studied in relation 

to cancer. It has been reported that patients with homozygous arginine alleles at codon 

72 of p53 were at increased risk of HPV-related cervical cancer (Storey et al., 1998; 

Makni et aL, 2000). No excess ofthis polymorphism was seen in a study of 163 cases of 

head and neck cancers, compared with 163 matched controls (Hamel et aL, 2000), 

although HPV expression status was not determined 

2. 1.2.4 Other factors 

There is some evidence suggesting that poor oral hygiene, or improperly fitting dental 

prostheses, may be associated with oral cancer. However, there is contradictory 

evidence in the estimation of the risk after controlling for tobacco and alcohol 

consumption. Graham et al. (1977) and Velly et al. (1998) found that poor dentition, 

tooth brushing frequency, and ill-fitted dentures, were associated with cancer, whereas 

Gorsky and Silverman (1984) did not find an association between use of dentures and 

oral cancer. 

A possible role for environmental exposures has not been demonstrated. Elwood et al. 

(1984) did not find any association between occupational exposures and oral cancer. On 

the other hand, some studies have suggested that indoor air pollution may be linked with 

increased risk of oral cancer (Dietz et al., 1995, Pintos et al., 1998). 
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2.1.2.5 Human Papillomavirus 

With the advent of highly sensitive techniques used in molecular biology for viral 

detection, there is evidence suggesting that human papillomavirus (HPV) infection may 

play a role in the etiology of oral malignant tumours, in addition to the one played in 

anogenital neoplasms. Before reviewing the evidence on the association between HPV 

and oral cancer, is necessary to briefly discuss sorne features of the virus and its 

interaction with the host cells, to better understand its carcinogenic role in humans. 

2.2 BIOLOGY OF THE HUMAN PAPILLOMAVIRUS 

Human papillomavirus is a non-enveloped double-stranded sm ail DNA virus with an 

icosahedral capsid (Almeida et al., 1962). HPV usually exists as non-integrated 

episomal plasmids in benign and premalignant lesions, but it frequently integrates in the 

host cell genome in malignant lesions (zur Hausen, 1989). The number of identified and 

characterized HPV types has increased considerably over the last 10 years DNA 

genomes of 82 HPV types have been cloned and characterized to date, numbered 

according to the chronological order in which they were isolated. An additional 60 to 70 

putative new HPV types have been partially identified through amplification of DNA 

fragments by PCR (de Villiers et al., 1999). 

HPVs are strictly epitheliotropic and they can be divided into HPV types that infect 

mainly the skin (the so-called cutaneous types) and HPV types that infect the mucosa of 

the anogenital and upper aerodigestive tract (mucosotropic types). Alternatively, based 

on their association with either benign or premalignant and malignant lesions, HPVs can 

be grouped into "Iow risk" and "high risk" types. respectively (zur Hausen and Schneider, 



1987). HPV 6 and 11 -Iow risk types- are the most common types found in benign 

lesions such as genital condylomas and laryngeal papillomas, while HPV 16 and 18-

high risk types-, are the most prevalent types associated with cervical high grade 

intraepithelial lesions, cervical squamous cell carcinomas, and cancers of the upper 

aerodigestive tract. 

2.2.1 Mo/ecu/ar mechanisms of HPV-induced carcinogenesis 

HPV genomes code for at least eight proteins: six early proteins, and two late proteins. 

The E6 and E7 proteins coded by high risk HPV types have transforming properties. 

Both proteins are consistently expressed in HPV related anogenital tumours (zur 

Hausen, 2000). 
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Matlashewski et al. (1986) observed that the levels of p53, a protein involved in 

maintaining cellular integrity after DNA damage, were very low in cells infected with 

HPV. This finding led to the suggestion that HPV proteins may inactivate p53 through 

degradation. This hypothesis was supported by the findings by Werness et al. (1990), 

who observed that the HPV E6 protein binds with p53, causing the functional 

inactivation of p53, a protein which plays a key role in tumour suppression. Other 

interactions with human cellular proteins have been described, that result in a large 

number of modifications in the respective host cells. It appears, at present, that the two 

most prominent functions of E6 can be summarized as follows: mutagenic and 

antiapoptotic effect (reviewed by zur Hausen, 2000). 

The properties of the E7 protein have been reviewed by Münger and Phelps (1993), and 

zur Hausen (2000). Similar to the functions of E6, the HPV E7 protein has several 
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oncogenic functions. A key observation of the oncogenic properties of E7 was its binding 

with the human retinoblastoma (pRB) tumour suppressor protein (Dyson et al, 1989). 

Integration of HPV DNA is regularly observed in malignant tumours. This contrasts 

remarkably with premalignant lesions which regularly contain episomal (non integrated) 

HPV DNA (zur Hausen, 1994). Integration in the host cell genome usually occurs with 

disruption of the viral E2 gene. Since the E2 gene encodes a repressor for transcription 

of the E6 and E7 genes, integration leads to an overexpression of these two oncogenes 

(reviewed by zur Hausen, 1994). 

2.2.2 Methods for detection of HPV infections 

Classical virus detection methods, such as virus cultivation, cannot be used for HPV 

detection since the virus cannot be propagated in tissue culture. Diagnosis of HPV 

infection is done by detection of viral genome sequences in infected tissues. HPV 

infection may also be inferred from cytological, histological, and clinical findings. 

The link between koilocytosis and HPV infection was established by cytological and 

histological studies (Meisels and Fortin, 1976). The presence of koilocytes is a highly 

specifie marker of productive viral infection. Colposcopie visualization of the cervix after 

application of acetic acid is also highly specifie for diagnosis of HPV infection. However, 

the advent of techniques for HPV DNA detection has shown that cytological, histological 

and clinical diagnosis were not very sensitive to detect HPV infection. Most HPV positive 

specimens do not show cytological changes (Ba uer et aL, 1991). 
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Before the advent of polymerase chain reaction (PCR), several techniques had been 

used for detection of HPV DNA, such as filter in situ hybridization (FISH), Southern blot 

(SB) hybridization, dot blot (DB), and in situ hybridization (IARC, 1995). Since the arrivai 

of PCR, several detections protocols have been developed using DNA amplification. Of 

the technologies currently available for detection of HPV genomic sequences, the three 

techniques most widely used are: Hybrid Capture Il (HCII) HPV test, and the PCR based 

GP5+/6+ and PGMY09/11 systems. 

2.2.2.1 Hybrid Capture Il (HCII) 

The HCII HPV assay is currently the only commercially available product for HPV DNA 

testing (Digene Inc., Gaithersburg, USA), although it is likely that new technologies for 

HPV DNA testing will be introduced in the market in the near future. One the 

advantages of HCII is that it does not require a laboratory with expertise in molecular 

biology to be used. This assay, not based on amplification of DNA segments, has a 

slightly lower sensitivity than PCR based techniques (Pey ton et al., 1998). One of the 

disadvantages of HCII is that it does not allow for identification of the specifie HPV 

types. However, it can distinguish between low risk and high risk types (Lorincz, 1996). 

2.2.2.2 PCR based techniques 

PCR based assays allow the in vitro amplification of specifie HPV DNA target segments 

in order to generate sufficient copies for subsequent detection and analysis. The first 

step in this process requires the separation of the double-stranded DNA (denaturation) 

by heating the sam pie at 95°C. The next step (annealing) involves cooling the reaction 

to 40-60°C to allow the hybridization of short synthetic single-stranded DNA 

(oligonucleotides) with their complementay sequence of the target DNA. The hybridized 
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oligonucleotides then act as primers for the last step in the reaction (extension), in which 

DNA polymerase enzyme -at 72°C- catalyses the formation of two new double-stranded 

DNA molecules (amplicons), using each of the original target DNA single strands as 

templates. By repeating this cycle of denaturation, annealing, and extension, each newly 

synthesized double-stranded DNA molecule can serve as a template for the next cycle. 

Theoretically, PCR can produce 106 identical copies for a single double-stranded DNA 

molecule after 30 cycles of amplification, therefore achieving its exceptionally high 

sensitivity. 

The most commonly PCR based assays for detection of HPV DNA target segments of 

the viral L 1 gene, a highly conserved region among different HPV types. The MY09/11 

system amplifies a region of approximately 450 bp (Manos et aL, 1989). The GP5+/6+ 

system was developed by de Roda Husman et al. (1995), and targets a segment of the 

HPV genome of approximately 140-150 bp. Some studies have compared the 

performance of the GP5+/6+ and the MY09/11 systems in clinical samples, and the 

sensitivity of both systems are totally comparable, and their correlation in detection of 

positive and negative samples is extremely good. Gravitt et al. (2000) redesigned the 

MY09/11 primers to improve the sensitivity for HPV DNA detection, creating the 

PGMY09/11 set of primers. To my knowledge, there is no published study comparing 

the performance of the GP5+/6+ and the PGMY09/11 systems, which has a higher 

sensitivity than the original MY09/11 protocol (Gravitt et aL, 2000). The performance of 

this two detection systems - GP5+/6+ and PGMY09/11 - will be presented in further 

detail in the discussion section. 
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2.3 HUMAN PAPILLOMAVIRUS AND CANCER 

2.3.1 HPVand cervical cancer 

The International Agency for Research on Cancer (IARC) has concluded that there is 

compelling evidence, both from the biologic and epidemiologic standpoints, to consider 

HPV infection as the main determinant of cervical cancer (IARC, 1995). The biological 

evidence to involve HPV as an oncogenic agent was briefly discussed in section 2.2.1. 

There is also strong epidemiological evidence to implicate HPV in the etiology of other 

anogenital tumours. Some landmark studies have shown a very strong link between 

HPV and premalignant and malignant lesions of the cervix, one of the strongest 

associations known between a virus and human cancer. Koustky et al. (1992) have 

shown that HPV infection of the cervix precedes the development of cervical 

premalignant lesions. A case-control study carried out in Spain and Colombia showed 

that women with HPV infection had a risk of developing invasive cervical cancer 29 

times higher than women without HPV infection (Munoz et aL, 1992). Another 

epidemiological study estimated that women with cervical infection due to HPV types 16 

or 18 had 50 times greater risk of developing a cervical intraepithelial lesion than HPV 

negative women (Schiffman et aL, 1993). 

Franco (1996) reviewed several case-control and cohort studies that have demonstrated 

the link between HPV infection and risk of cervical neoplasia, either pre-invasive (CIN) 

or invasive, showing the pooled estimates of these studies. The combined OR for 

studies which used PCR based methods was 19.8 (95%CI: 15.2-25.8). For invasive 

cervical cancer, the pooled OR for PCR studies was 34.5 (95%CI: 21.5-55.4). The ORs 



for most of the studies reviewed (Franco, 1996) are in the 20-70 range, which places 

HPV infection as the strongest risk factor for cervical cancer, with a magnitude of 

association that is greater than the one for the association between smoking and lung 

cancer. 
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The IARC carried out a study to determine the prevalence of HPV in cervical cancer. 

Over 1000 frozen biopsy specimens were collected from around the world, and HPV 

DNA was detected in 93% of the samples (Bosh et al., 1995). Specimens originally 

classified as HPV negative (7%) were retested, excluding specimens considered 

inadequate for testing (Walboomers et aL, 1999). Combining the results from both 

studies, the worldwide HPV prevalence in cervical carcinomas is 99.7%. The presence 

of HPV in virtually ail cervical cancers implies the highest worldwide attributable fraction 

so far reported for a specifie cause of any major human cancer, suggesting that HPV is 

a necessary cause of cervical cancer. 

2.3.2 HPV and oral cancer 

The mucosal epithelia of the uterine cervix and the oral cavity are histologically identical; 

they have the sa me embryological origin, both are exposed to the action of 

environ mental carcinogens, and most of the resulting malignancies are squamous in 

type. Histological similarities have been noted between experimentally induced oral 

dysplasias and squamous carcinoma, and corresponding lesions of cervical 

intraepithelial neoplasia (CIN) and invasive cervical squamous carcinoma (Howell et aL, 

1986). Consistent with the multistage model for carcinogenesis, a synergistic effect of 

cofactors (e.g., chemical, physical or viral) has been cited as necessary for malignant 

transformation (zur Hausen, 1982). In fact, similar environmental carcinogens (such as 



tobacco and HPV) have been implicated in the etiology of both oral and cervical 

cancers. An American study, using incidence data from the National Cancer Institute, 

has shown that women with an initial cervical cancer were at a significantly increased 

risk both for subsequent buccal cavity and laryngeal cancer (Spitz et al., 1992). The 

22 

sa me study also showed that the risk for cervical cancer subsequent to an initial oral or 

laryngeal cancer was also significantly elevated. 

HPV involvement in carcinomas of the upper digestive and respiratory tracts has initially 

been suggested on the basis of histologie and immunohistochemical studies. Histologie 

examination of laryngeal squamous cell carcinomas has revealed the presence of 

condylomatous changes, suggestive of HPV infection in a substantial proportion of 

cases (Syrjanen and Syrjanen, 1981). Pathological examination of specimens of oral 

squamous cell carcinomas revealed that 16 of the 40 biopsies examined showed 

histologie changes suggesting an HPV infection, and eight of them showed positive 

staining with antiserum obtained by immunization with papillomavirus structural antigens 

(Syrjanen et al., 1983). 

The present review of the literature on HPV and oral cancer summarizes ail articles 

published in English reporting case series that included at least twenty cases of cancers 

of the head and neck, and that included cases of oral cancer. Ali studies that included a 

comparison group, regardless of the number of cases studied, are also summarized. 

Initial investigations on the role of HPV in orallesions relied on light microscopy (LM), 

electron microscopy (EM), and immunohistochemical staining. Under LM, identification 

of koilocytosis ('ballooning' of keratinocytes within the intermediate layers of the 
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epithelium) is indicative of HPV infection (Meisels and Fortin, 1976). The HPV capsids 

may be visualized with EM. However, HPV genetic material may be present in epithelial 

cells in the absence of the EM appearance of HPV capsids. Immunohistochemical 

staining has revealed the presence of HPV capside antigens in HPV infected cells. 

However, capsid antigens have rarely been detected in high grade neoplasias or 

invasive cancer, probably because such tissue contain Iimited numbers of highly 

differentiated squamous epithelial cells (McKaig et aL, 1998). Table 2 summarizes 

studies on HPV and oral cancer using light microscopy for identification of koilocytosis or 

immunohistochemical staining. There was a great variability in the detection rate of HPV 

infection using these techniques, and their reproducibility is very low, at least partially 

explained by the fact that interpretation of results is highly subjective. 

Since at present it is not possible to culture the virus in vitro, the introduction of newly 

developed molecular biologie methods (especially PCR) has opened novel ways to 

examine the role of HPV in the development of oral carcinomas. 

2.3.2.1 Detection of HPV DNA in oral squamous cel! cancers using hybridization 

techniques 

Methods for detecting HPV in oral tissues have been reviewed by Miller and White 

(1996), and Chang et al. (1991). Hybridization techniques -Southern blot, dot blot, and 

in situ hybridization- have been used to identify specifie viral genetic sequences in cells 

and tissues. Southern blot and dot blot methodologies require the isolation and 

purification of cellular DNA from clinical specimens. In Southern blots, DNA is digested 

with restriction enzymes, separated by size, transferred to filters, and probed with 

radiolabeled or chemi-illuminescent probes specifie for a given HPV type. In situ and in 



Table 2. Case series for detection of HPV in orallesions using light microscopy 

for detection of koylocytes or indirect immunoperoxidase staining 

Author, year, H PV detection 

studyarea Site Type of lesion 1 Type of material Method2 Positive Tested Percentage 

Syrjanen et aL, 1983 Mouth SCC Fixed biopsies IP-PAP 0 6 0% 
Finland 

Syrjanen et aL, 1983 Mouth SCC Fixed biopsies 
Finland LM 14 40 35% 

IP-PAP 8 16 50% 

Loning et aL, 1985 Mouth SCC Fixed biopsies IP-PAP 3 6 50% 
Germany 

Und et aL, 1986 Mouth Hyperplasias Fixed biopsies IP-PAP 13 20 65% 
Norway 

Loning et aL, 1987 Mouth Fixed biopsies 
Germany SCC LM 6 13 46% 

Dysplasia LM 3 4 75% 

Ahmed and Jafarey, 1995 Mouth IP-PAP 
Pakistan SCC Fixed biopsies 0 56 0% 

Total 47 161 29% 

1. SCC: squamous cell carcioma 
2. LM: light microscopy; IP-PAP: indirect immunoperoxidase staining 

1\) 
~ 
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filter in situ hybridization do not require DNA isolation and purification from tissues, but 

rather probe directly for the presence of viral sequences in tissues and smears. The 

major advantage of in situ hybridization compared to other methods is the preservation 

of the tissue morphology, and allows localizing the HPV genomic sequences within the 

cells. 

Researchers have used hybridization techniques to investigate the presence of HPV not 

only in malignant lesions, but also in benign and premalignant lesions, such as 

papillomas, leukoplakia, condyloma, focal epithelial hyperplasia, verruca, lichen planus, 

and dysplasia. Tables 3 and 4 summarize case series reports that utilized in situ 

hybridization (lSH), and Southern blot (SBH) and dot blot hybridization (DBH), 

respectively, for identification of HPV DNA in oral squamous cell carcinomas as weil as 

in benign and premalignant orallesions. It was impossible to differentiate benign from 

premalignant lesions, since most articles do not provide enough information to 

discriminate detection rates between lesions. 

There is great variability in the detection rate of viral DNA using either technique. The 

detection rate of HPV DNA in oral squamous cell carcinomas for studies that used ISH 

(table 3) ranged form 0 to 70%, and in benign and premalignant oral les ions ranged 

from 0 to 50%. Studies that used SBH and DBH (table 4) also showed great variability: 

the detection rate in oral cancers ranged from 0 to 100%. The average detection rate in 

oral cancers was very similar for both techniques: 22% (102 out of 472) 181 for ISH, and 

25% (42 of 171) for studies that used SBH or DBH. 



Table 3. Case series for detection of HPV in orallesions using in situ hybridization (ISH) 

Author, year, Type of Squamous cel! carcinomas 
Benign and Premalignant 

Site Lesions 
studyarea mate rial 

HPV+ Tested Percentage HPV+ Tested Percentage 

Loning et al., 1987 Mouth Fixed biopsies 4 7 57% 
Germany 

Syrjanen et al., 1986 Mouth Fixed biopsies 10 32 31% 
Finland 

Gassenmaier and Hornstein, 1988 Mouth Fixed biopsies 16 68 24% 19 103 18% 
Germany 

Syrjanen et al., 1988 Mouth Fixed biopsies 6 51 12% 6 21 29% 
Finland 

Niedobitek et al., 1990 Tonsils Fixed biopsies 6 28 21% 
Germany 

Greer et al., 1990 Mouth Fixed biopsies 3 50 6% 2 60 3% 
U.S.A. 

Chang et al., 1990 Mouth Fixed biopsies 40 3% 
Finland 

Zeuss et al., 1991 Mouth Fixed biopsies 0 20 0% 0 15 0% 
U.S.A. (Kentucky) 

(cont'd) 
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Table 3 (cont'd). Case series for detection of HPV in orallesions using in situ hybridization (ISH) 

Author, year, Type of Squamous cell carcinomas Benign and Premalignant 
Site Lesions 

studyarea material 
HPV+ Tested Percentage HPV+ Tested Percentage 

Young and Min, 1991 Mouth Fixed biopsies 0 17 0% 0 3 0% 
U.S.A. (Oklahoma) 

Shroyer and Greer, 1991 Mouth Fixed biopsies 1 10 10% 4 24 17% 
U.S.A. (Colorado) 

Frazer et al., 1993 Mouth and Frozen biopsies 2 25 8% 
Australia Pharynx 

Miller et al., 1994 Mouth Fixed biopsies 0 29 0% 
Venezuela 

Oonofrio et al., 1995 Mouth Fixed biopsies 14 26 54% 3 6 50% 
Italy 

Cerovac et al., 1996 Mouth 9 26 35% 
Croatia Pharynx 5 25 20% 

Premoli-Oe-Percoco et al., 1998 Mouth Fixed biopsies 35 50 70% 

Venezuela 

Total 102 472 22% 44 264 17% 

1\) 
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Table 4. Case series for detection of HPV in orallesions using in Southern blot (SBH) and dot blot hybridization (OBH) 

Author, year, Type of Squamous cell carcinomas 
Benign and 

Site Method Premalignant Lesions 
studyarea mate rial 

HPV+ Tested Percentage HPV+ Tested Percentage 

De Villiers et al., 1985 Mouth Fixed biopsies SBH 3 7 43% 
Germany 

Loning et al., 1987 Mouth Fixed biopsies DBH 5 13 38% 3 4 75% 
Germany 

Brandsma & Abramson, 1989 Mouth Frozen biopsies SBH 2 21 10% 
U.S.A. Tonsils SBH 2 7 29% 

Chang et aL, 1989 Mouth Frozen biopsies SBH 13 17 76% 
China 

Yeudall and Campo, 1991 Mouth Frozen biopsies SBH 3 39 8% 
U.K. 

Watts et al., 1991 Mouth Fixed biopsies SBH 8 8 100% 
U.SA Tonsils SBH 2 3 67% 

Tsuchiya et aL, 1991 Mouth Frozen biopsies SBH 3 23 13% 
Japan 

Kellokoski et al., 1992 Mouth Frozen biopsies SBH 9 60 15% 
Finland 

Howell and Gallant, 1992 Mouth Frozen biopsies SBH 1 8 13% 
Canada 

Frazer et aL, 1993 Mouth and Frozen biopsies SBH 0 25 0% 
Australia Pharynx DBH 0 25 0% 

Total 42 171 25% 12 64 19% 

N 
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2.3.2.2 Detection of HPV DNA in oral squamous cell cancers using PCR techniques 

Most of the studies carried out during the last decade used PCR based methods for 

HPV DNA detection, and the presence of HPV was confirmed in a variable proportion of 

oral, carcinomas. Table 5 summarizes studies that used PCR based techniques for 

detection of viral DNA in oral cancers, and in oral benign and premalignanttissues.lt 

was impossible to discriminate between benign and premalignant lesions, given that 

most studies did not provide enough information to determine detection rates specifie for 

the different lesions. As with other techniques, there was great variability in the detection 

of HPV DNA. Detection rates ranged from 0 to 100%. The great variability of detection 

rate among different studies could be due in part to the different types of clinical 

specimens used, to the different PCR protocols utilized in the detection of the virus, to 

the different populations studied, and to the variable level of expertise in HPV detection 

assays between different research groups. 

The overall HPV detection rate in benign and premalignant lesions was 40% (95%CI:34-

46%). The average detection rate in oral cancers was 30% (95% CI: 28-32%), being 

higher than for studies that used techniques other than PCR. On average, HPV DNA 

was detected in a higher proportion of tonsillar carcinomas (45%, 83 out of 185) than in 

cancers of the mouth (28%, 659 out of 2334). Studies that examined oropharyngeal 

cancers without reporting subsites -tonsils or other oropharyngeal cancers- showed an 

average detection rate of 40% (85 out of 214). The study of Balaram et al., (1995) that 

showed one of the highest prevalence rates (74%), is of special interest, given that PCR 

products of positive samples were confirmed as containing HPV DNA by direct 

sequencing. 



Table 5. Case series for detection of HPV in orallesions using PCR based techniques 

Author, year, Type of Squamous cell carcinomas 
Benign and 

Site Premalignant les ions 
studyarea material 

HPV+ Tested Percentage HPV+ Tested Percentage 

Kiyabu et al., 1989 Mouth Fixed biopsies 5 15 33% 
U.SA 

Chang et al., 1990 Mouth Fixed biopsies 11 40 28% 
Finland 

Watts et aL, 1991 Mouth Fixed biopsies 9 13 69% 
U.SA Tonsils 1 5 20% 

Shroyer et aL, 1991 Mouth Fixed biopsies 1 10 10% 4 24 17% 
U.S.A. 

Shindoh et al., 1992 Mouth Fixed biopsies 8 24 33% 
Japan 

Kellokoskietal.,1992 Mouth Fixed biopsies 7 7 100% 
Finland 

Holladay and Gerald, 1993 Mouth Fixed biopsies 10 46 22% 7 27 26% 
U.SA 

Ogura et aL, 1991 Mouth Fixed biopsies 0 15 0% 
Japan Tonsils 1 4 25% 

Miller et aL, 1994 Mouth Fixed biopsies 19 29 66% 
Venezuela 

Balaram et aL, 1995 Mouth Frozen&Fixed 67 91 74% 
India 

Fouret et aL, 1997 Mouth Fixed biopsies 2 21 10% 
France Oropharynx 7 26 27% 

(cont'd) c.> 
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Table 5 (cont'd). Case series for detection of HPV in orallesions using PCR based techniques 

Author, year, Type of Squamous cel! carcinomas 
Benign and 

Site Premalignant les ions 
studyarea material 

HPV+ Tested Percentage HPV+ Tested Percentage 

Shindoh et aL, 1995 Mouth Fixed biopsies 24 77 31% 
Japan 

Van Rensburg et aL, 1996 Mouth Fixed biopsies 3 146 2% 
South Africa (Black Pop'n) 

Haraf et aL, 1996 Mouth Fixed biopsies 0 14 0% 
U.SA Tonsil 9 18 50% 

Other Oropharynx 1 8 13% 

Nielsen et aL, 1996 Mouth Fixed biopsies 20 49 41% 
Denmark 

Mao et aL, 1996 Mouth Fixed biopies 15 61 25% 5 13 38% 

U.SA 

Wen et aL, 1997 Mouth Fixed biopies 14 45 31% 

China 

Portugal etaI., 1997 Mouth Fixed biopies 4 58 7% 

U.SA Tonsils 7 42 17% 

Wilczynski et aL, 1998 Tonsil Frozen & Fixed 14 22 64% 

U.S.A. 

Elamin et aL, 1998 Mouth Fixed biopsies 14 28 50% 4 12 33% 

U.K. 

Ibrahim et aL, 1998 Mouth Fixed biopsies 0 28 0% 

Sudan 
(cont'd) 
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Table 5 (cont'd). Case series for detection of HPV in orallesions using PCR based techniques 

Author, year, Type of Squamous cell carcinomas 
Benign and 

Site Premalignant lesions 
studyarea material 

HPV+ Tested Percentage HPV+ Tested Percentage 

Adams et al., 1999 Mouth Fixed biopsies 2 15 13% 
Switzerland Tonsil 1 5 20% 

Pintos et al., 1999 Mouth Fixed biopsies 3 29 10% 
Canada Oropharynx 6 20 30% 

Aggelopoulou et aL, 1999 Oral Fixed biopsies 40 81 49% 10 21 48% 
Greece 

Shima et aL, 2000 Mouth Fixed biopsies 25 46 54% 
Japan 

Bouda et aL, 2000 Mouth Fixed biopsies 18 19 95% 30 34 88% 
Greece 

Sand et al., 2000 Mouth Fixed biopsies 3 24 13% 8 29 28% 
Sweden 

Niv et aL, 2000 Mouth Fixed biopsies 1 19 5% 
Israel Tonsils 3 4 75% 

Tsuhako et aL, 2000 Mouth Fixed biopsies 40 46 87% 
Japan Oropharynx 7 12 58% 

Yeudall and Campo, 1991 Mouth Frozen biopsies 18 39 46% 
U.K. 

Snidjers et aL, 1992 Tonsils Frozen biopsies 10 10 100% 
Netherlands 

Frazer et aL, 1993 Mouth & Pharynx Frozen biopsies 4 25 16% 
Australia (Subsite NS) (cont'd) 
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Table 5 (cont'd). Case series for detection of HPV in orallesions using PCR based techniques 

Author, year, Type of Squamous cell carcinomas 
Benign and 

Site Premalignant lesions 
studyarea material 

HPV+ Tested Percentage HPV+ Tested Percentage 

Ogura et aL, 1993 Mouth Frozen biopsies 0 15 0% 
Japan Tonsils 1 4 25% 

Tyan et aL, 1993 Mouth Frozen biopsies 1 9 11% 
China 

Lee et aL, 1993 Mouth and Frozen biopsies 5 45 11% 
U.S.A. Pharynx 

Ostwald et aL, 1994 Mouth Frozen biopsies 16 26 62% 
Germany 

Lewensohn-Fuchs et aL, Mouth Frozen biopsies 4 9 44% 
Sweden, 1994 Tonsils 4 25% 

Anderson et al., 1994 Mouth Frozen biopsies 6 27 22% 
North America 

Brandwein et al., 1994 Mouth Frozen biopsies 8 43 19% 

U.S.A. Tonsils 6 16 38% 

Barten et aL, 1995 Mouth Frozen biopsies 26 37 70% 

Germany 

Cruz et al., 1996 Mouth Frozen biopsies 
Netherlands 19 35 54% 

Snijders et aL, 1996 Mouth Frozen biopsies 5 25 20% 

U.K. Oropharynx 2 7 29% 

Chiba et aL, 1996 Mouth Fresh biopsies 8 38 21% 

Japan (cont'd) 
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Table 5 (cont'd). Case series for detection of HPV in orallesions using PCR based techniques 

Author, year, Type of Squamous cell carcinomas 
Benign and 

Site Premalignant les ions 
studyarea material 

HPV+ Tested Percentage HPV+ Tested Percentage 

Paz et aL, 1997 Mouth Frozen biopsies 9 71 13% 
U.SA Tonsil 9 15 60% 

Fouret et al., 1997 Oropharynx Frozen biopsies 13 20 65% 
France 

Riethdorf et aL, 1997 Mouth Frozen biopsies 33 78 42% 
Germany Tonsils 2 3 67% 

Alvarez et aL, 1997 Mouth Frozen biopsies 1 2 50% 
Spain Oropharynx 4 19 21% 

Andl et aL, 1998 Tonsil Frozen biopsies 11 21 52% 
Germany 

Atula et aL, 1997 Mouth Frozen biopsies 8 39 21% 
Finland Oropharynx 0 6 0% 

Penhallow et aL, 1998 Mouth Frozen biopsies 14 28 50% 4 12 33% 
U.K. 

Hoffmann et al., 1998 Oropharynx Frozen biopsies 6 23 26% 
Germany 

Matzow et al., 1998 Mouth Frozen biopsies 1 33 3% 0 3 0% 
Sweden 

D'Costa et aL, 1998 Mouth Frozen biopsies 15 100 15% 27 80 34% 
India 

Miguel et aL, 1998 Mouth Frozen biopsies 1 18 6% 
Brazil Tonsil 3 6 50% 

(cont'd) w 
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Table 5 (cont'd). Case series for detection of HPV in orallesions using PCR based techniques 

Author, year, Type of Squamous ceU carcinomas 
Benign and 

Site Premalignant lesions 
studyarea material 

HPV+ Tested Percentage HPV+ Tested Percentage 

Mineta et aL, 1998 Mouth Frozen biopsies 3 14 21% 
Japan Oropharynx 5 13 38% 

Badaracco et al., 2000a Mouth Frozen biopsies 8 25 32% 
Italy Tonsil 2 2 100% 

Saranath et aL, 1999 Mouth Frozen biopsies 12 83 14% 
India 

Koch et aL, 1999 Mouth Frozen biopsies 37 211 18% 
U.S.A 

Gillison et aL, 2000 Mouth Frozen biopsies 10 84 12% 
U.S.A. Oropharynx 34 60 57% 

Sisk et aL, 2000 Oral Frozen biopsies 11 22 50% 
U.S.A. 

Badaracco et al., 2000b Mouth Frozen biopsies 10 38 26% 
Italy Tonsil 2 4 50% 

Mao, 1995 Mouth Exfoliated cells 8 26 31% 
U.K. 

Subtotal Mouth carcinomas 659 2334 28% 

Subtotal Tonsillar carcinomas 83 185 45% 

Subtotal Orophryngeal carcinomas 85 214 40% 

TOTAL 827 2733 30% 106 262 40% 

(.ù 
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So far 1 have summarized prevalence studies on HPV DNA detection in oral squamous 

cell carcinomas and other oral lesions. The interpretation of the significance of HPV 

detection in these cancers should be made with caution. The virus could colonize 

malignant tissues without playing any role in the natural history of the disease, and there 

is a variety of normal epithelial tissues in the head and neck that can harbour HPVs. 

Fortunately, there are several comparison studies that included normal tissues, and can 

help us to better assess the role of HPV in oral cancers. 

2.3.2.3 Case series with a comparison group 

At least 18 studies have examined the presence of HPV DNA in oral squamous cell 

carcinomas and in comparison series. Most studies included non cancer patients as 

controls, while two investigations (Chang et aL, 1990; Howell and Gallant, 1992) used 

normal tissues of the index cases as a comparison group. One study (Ostwald et aL, 

1994) used both non cancer controls and non cancer tissues from cases as comparison 

series. Most investigations provide little or no information on sex, gender, or smoking 

status of the participating subjects. Four studies utilized hybridization techniques without 

amplification (SBH or ISH) for detection of HPV DNA; thirteen studies used PCR based 

techniques, whereas one investigation (Yeudall and Campo, 1991) used both methods 

for viral detection. 
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Table 6 summarizes studies with comparison groups that used for viral detection 

hybridization techniques withouth DNA amplification. Brandsma and Abramson (1989), 

studied 101 cases of head and neck cancers and 116 tissues from matched anatomic 

sites (control group) for the presence of HPV. Control patients were, on average, 7.5 

years younger than cancer patients. The control group of tissues included epithelial 

mucosa from benign lesions, congenital and structural abnormalities, and clinically 

normal sites adjacent to benign lesions. Among ail the studied subjects, 28 had oral 

cancer, and 38 were the controls. Presence of HPV DNA was examined with SBH, using 

DNA probes specific for HPV types 6, 11, and 16. HPV 16 was detected in two of 21 

mouth cancers (10%), and in two of seven tonsillar cancers (29%). None of the control 

tissues was positive. 

Chang et al. (1989), in Taiwan compared HPV detection rates in 17 mouth cancer 

tissues, and 17 normal oral tissues from patients who underwent dental extractions. 

Presence of HPV DNA was examined using SBH, with HPV 6, 11, 16, and 18 probes, 

and 13 of the 17 (76%) carcinomas were shown to contain episomal HPV 16. Of the 

normal tissues, only one of the 17 were positive for HPV 16. None of the specimens 

examined were positive for HPV 6, 11, or 18. The authors did not provide information on 

age or sex. 

Niedobitek et al. (1990) examined 28 tonsillar carcinomas, and as a control group they 

used 30 tonsils removed because of chronic inflamation.· Control patients were 

comparable to cases on the basis of age and sex. Presence of DNA from HPV 6, 11, 

and 16 was assessed using ISH. Six of the tonsillar carcinomas (21 %) turned out 



Table 6. Studies of HPV and oral carcinomas with a comparison group using hybridization techniques (SBH and ISH) 

Author, year, 
Site 

Type of 
Method 

Squamous cell carcinomas Contrais tissues 
studyarea mate rial 

HPV+ Tested Percent. HPV+ Tested Percent 

Brandsma and Abramson Mouth Frazen biopsies SBH 2 21 10% 0 18 0% 
U.S.A., 1989 Tonsils 2 7 29% 0 20 0% 

Chang et al., 1989 Mouth Fixed biopsies SBH 13 17 76% 17 6% 
Taiwan 

Niedobitek et al., 1990 Tonsils Fixed biopsies ISH 6 28 21% 0 30 0% 
Germany 

Howell and Gallant, 1992 Mouth Frazen biopsies SBH 1 8 13% 0 7 0% 
Canada 

Yeudall and Campo, 1991 Mouth Frazen biopsies SBH 3 39 8% 0 25 0% 
U.K. 

Total 27 120 23% 1 117 1% 

w 
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positive for HPV 16, while none of the 30 control tissues were positive. Hybridization to 

the HPV 6 and 11 probes gave negative results for both cases and control tissues. 

Howell and Gallant (1992) examined oral tumors from eight patients, and normal 

mucosa from seven of those patients. HPV DNA was detected by SBH in one of the 

eight tumours, and in none of the seven normal tissues. 

Yeudalland Campo (1991), Llsing both SBH and PCR, analyzed biopsies from 39 

primary oral carcinomas, and from 25 control samples of normal buccal mucosa from 

cancer-free individuals. By SBH, three of the 39 tumours and none of the 25 controls 

were positive for HPV. 

Combining the previous five studies (table 6), a total of 120 tumour specimens and 117 

non cancer tissues have been examined. HPV DNA was detected in 23% of the 

carcinomas (27 out of 120), and in 1 % of the tumour free specimens (1 out of 117). HPV 

positivity rate ranged from 8% to 76% in tumours, and from 0 to 6% in control tissues. 

Ali five studies showed a higher positivity rate in tumours than in cancer free specimens. 

Table 7 summarizes investigations that used PCR based techniques for detection of 

viral DNA. Yeudall and Campo (1991) examined samples using HPV 16 and 18 type 

specifie PCR. Of 39 cases, 10 (26%) were positive for HPV 16, and eight further cases 

(21 %) were positive for HPV 18. In addition, two of the 25 (8%) tumour free samples 

were positive for HPV18. The authors did not provide any information on sex, gender, or 

any other characteristics of participating subjects. 



Table 7. Studies of HPV and oral carcinomas with a comparison group. PCR based techniques 

Author, year, Type of 
Squamous cell carcinomas Controls tissues 

studyarea 
Site material HPV+ Tested Percent. HPV+ Tested Percent. 

Yeudall and Campo. 1991 Mouth Frozen biopsies 18 39 46% 2 25 8% 
U.K. 

Chanq et al.. 1990 Mouth Fixed biopsies 11 40 28% 0 40 0% 
Finland 

Snidiers et al.. 1992 Tonsils Frozen biopsies 10 10 100% 0 7 0% 
Netherlands 

Tvan et al.. 1993 Mouth Frozen biopsies 1 9 11% 1 11 9% 
China 

Watanabe et al.. 1993 Tonsils and Frozen biopsies 3 12 25% 4 28 14% 
Japan other oropharynx 

Holladav and Gerald. 1993 Fixed biopsies 10 46 22% 1 6 17% 
U.S.A. 

Ostwald et al.. 1994 Mouth Frozen biopsies 16 26 62% 1 97 1% 
Germanv 

Mao. 1995 Oral Exfoliated 8 26 31% 4 26 15% 
U.K. cells 

Cruz et al.. 1996 Mouth Frozen biopsies 19 35 54% 0 12 0% 
Netherlands 

Mao et al.. 1996 Mouth Fixed biopies 15 61 25% 0 6 0% 
U.S.A. 

Wanq et al.. 1998 Oral Frozen biopsies 11 30 37% 4 30 13% 
China 

Sand et al.. 2000 Mouth Fixed biopsies 3 24 13% 0 12 0% 
Sweden 

Mellin et al.. 2000 Tonsils Fixed biopsies 26 60 43% 0 10 0% 
Sweden 

Bouda et al.. 2000 Mouth Fixed biopsies 18 19 95% 0 16 0% 
Greece 

Total 169 437 39% 17 326 5% 
~ 
0 
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Chang et al. (1990) examined 40 surgically removed oral squamous cell carcinomas, 

and the tumour-free resection margins of the same tumours. Presence of HPV DNA was 

examined using type specifie PCR for HPV types 6, 11, 16, and 18. HPV DNA was 

detected in 11 of the 40 tumours (28%), while no viral DNA could be detected in the 

biopsies derived from the tumour free margins. HPV 16 was the most common type 

detected (9 of 11). 

Snijders et al. (1992) assessed prevalence of HPV infection using a consensus PCR 

technique. HPV DNA was detected in ail of the 10 biopsies of tonsillar carcinomas 

tested and in none of the seven biopsies of tonsillitis used as controls. The authors did 

not provide information on control subjects. 

Tyan et al. (1993) studied nine oral tumours and eleven normal tissues by type specifie 

PCR for HPV 6, 11, 16, 18, and 33. The authors did not state whether the control 

tissues came from patients with oral cancer or from cancer free patients, nor did they 

give any information regarding characteristics of patients. HPV DNA 16 was detected in 

one of the nine oral carcinomas, and in one of the eleven oral normal tissues. No other 

HPV type was detected. 

Watanabe et al. (1993) examined presence of HPV DNA in tonsillar and other 

oropharyngeal tumours using type specifie PCR type 16 and 18. As control group they 

used chronic tonsillitis specimens. On average, controls were younger than cases. 

Three of the 12 cases (25%) and four of the 28 controls (14%) were HPV positive. 



Holladay and Gerald (1993) examined oral tissues using a consensus PCR based 

method, that allows for detection of several HPV types. Of the 46 oral carcinomas 

examined, 10 were HPV positive (22%). Control tissues consisted of six specimens of 

normal oral mucosa: one turned out to be HPV positive. No information was given on 

characteristics of patients. 
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Ostwald et al. (1994) studied 26 patients with oral cancers, using consensus PCR, and 

typing for HPVs 6, 11, 16, and 18. They examined the presence of HPV DNA in samples 

from three different sites: biopsy and scrapings of the surface of the tumour, scrapings 

of the tumour free mucosa adjacent to the tumour, and scrapings from oral mucosa 

distant from the tumour. HPV DNA was detected in 50% of the tumour samples, 

although the authors did not specify whether these results correspond to the 

examination of the biopsies or surface scrapings. HPV 16 was the type most frequently 

detected. Examination of scrapings obtained from peritumoural mucosa were HPV 

positive in seven of the 26 cases (27%). Only 1 sample (4%) of distant oral mucosa was 

HPV positive. In addition, they examined exfoliated oral cells from 97 healthy volunteers. 

Only one of these samples turned out to be HPV positive. Control subjects were 

younger than case patients. 

Mao (1995) assessed HPV infection in oral exfoliated cells from 26 patients with oral 

cancer and volunteers with the use of type specific PCR for detection of HPV 16. 

Healthy volunteers were matched to cases on the basis of sex and age. HPV 16 DNA 

was detected in 8 of the 26 cases (31 %) and in 4 of the 26 controls (15%). 



Cruz et al (1996) compared HPV detection rates in 35 oral carcinomas and in 12 

biopsies of normal gingival mucosa collected from volunteers. Using consensus PCR, 

they detected HPV DNA in 19 of the 35 oral tumours (54%), and in none of the 12 

normal biopsies. Most HPV positive samples were positive for HPV 16. Healthy 

volunteers were younger than cases. 
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Mao et al. (1996) examined 61 oral carcinomas, and six biopsies from non cancer 

controls. Using consensus PCR, they detected HPV DNA in 15 of 61 tumours (25%) and 

none of the six control tissues. Control tissues came from patients with periodontal 

disease. 

Wang et al. (1998) assessed prevalence of HPV 16 infection in 30 patients with primary 

oral squamous cell carcinoma, and 30 healthy controls. They examined biopsies using a 

type specifie PCR for detection of HPV 16. HPV DNA was detected in 11 of 30 tumours 

and in 4 of 30 control tissues. 

Sand et al. (2000) examined 24 oral carcinomas, and 12 control tissues from healthy 

volunteers, using a consensus PCR technique. HPV DNA was detected in three of 24 

cancers, and none of the 12 normal biopsies. 

Mellin et al. (2000) investigated the frequency of HPV DNA detection in 60 biopsies of 

tonsillar carcinomas and in 10 non malignant tissues from patients with chronic tonsillitis. 

By consensus PCR, HPV was detected in 26 of the 60 cancers (43%), and in none of 

the cancer free tissues. HPV 16 was present in ail HPV positive tumours. 
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Bouda et al. (2000) analyzed 19 tumour tissues from cases of oral carcinomas, as weil 

as 16 oral scrapings form healthy individuals. Using a nested consensus PCR, they 

detected HPV DNA in 18 of the 19 tumours (95%), and in none of the 16 samples from 

non cancer controls. While the age distribution of cases was similar to the age 

distribution of controls, the type of specimens used (biopsies versus scrapings) was not 

comparable . 

. A majority of these comparison studies utilized the MY09/11 or the GP5+/6+ PCR 

protocols (consensus PCR techniques). Detection of HPV DNA in carcinomas varied 

widely from one study to another, but in ail studies the detection rate was substantially 

higher in tumours than in cancer free samples. 

Combining ail studies, viral DNA was detected in 169 of 437 cancers (39%), and in 17 of 

326 non cancer samples (5%). HPV 16 was the most prevalent type detected, being 

present in 80% to 100% of ail HPV positive carcinomas. Ali but three studies (Mao, 

1995; Ostwald et aL, 1994; Bouda et aL, 2000) used biopsies from both cases and 

controls: Mao (1995) used oral exfoliated cells from both cases and controls, whereas 

Ostwald et al. (1994) and Bouda et al. (2000) compared detection rates using biopsies 

from cases and exfoliated cells from controls. Excluding these two studies, where the 

type of specimen of cases and controls were not comparable, the average detection rate 

of HPV DNA for studies which used PCR based techniques was 34% in carcinomas 

(135 out of 392) and 8% in cancerfree samples (16 out of 213). 

Sorne reviews have been published summarizing the prevalence of HPV detection in the 

head and neck mucosa (Franceschi et aL, 1996; Miller and White, 1996, McKaig et aL, 



Table 8. Reviews on detection of HPV in oral tissues 

Author, year Site Type of tissue Detection technique 1 HPV+/ 
Rate 

tested 

Franceschi et aL, Head&Neck Non tumoral tissues PCR 27/235 11% 
1996 No amplification 9/199 5% 

Squamous cell carcinomas PCR 112/254 44% 
No amplification 39/173 23% 

Miller and White, Mouth Normal Mucosa PCR 91/358 25% 
1996 No amplification 48/668 7% 

Benign leukoplakia No amplification 78/526 15% 

Intraepithelial Neoplasia PCR 20/48 42% 
No amplification 34/252 13% 

Squamous cell carcinomas PCR 130/355 37% 
No amplification 145/696 21% 

McKaig et al., Head&Neck Benign and premalignant lesions SB 33/92 36% 

1998 DB 8/34 24% 
ISH 180/972 19% 

Squamous cell carcinomas SB 66/269 25% 
DB 20/319 6% 
ISH 52/286 18% 
PCR 416/1205 35% 

1. Abbreviations: PCR, Polymerase Chain Reaction, SB, Southern Blot, DB, Dot blot, ISH, ln situ hybridization. 

~ 
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1998). These reviews compiled the existing evidence on HPV detection rates according 

to detection techniques and type of tissue (table 8). In average, ail reviews show that 

PCR based techniques detected the virus in a higher proportion of samples than non 

amplification techniques. Also HPV was detected more often in cancers than in non 

tumoural tissues. The detection rate in benign and premalignant lesions is rather similar 

to the detection in malignant tissues. 

2.3.2.4 Case-control studies 

Six studies followed a design that could be defined as a case-control study. In the se 

studies there is a description of eligibility criteria for cases and controls, as weil as an 

attempt to define the study base, either primary or secondary. These studies are 

summarized in table 9. 

Maden et al. (1992) carried out a population-based case-control study in the 

Washington state area to examine the relationship between HPV and risk of oral cancer 

in men. Cases were identified form a cancer registry covering the area, and controls 

were selected by random digit dialing. The study comprised a total 131 cases of oral 

carcinoma and 136 controls matched to the cases by age. The presence of HPV was 

investigated in exfoliated cells from the oral cavity, collected with a soft toothbrush from 

both cases and controls, using type specific PCR for HPV 6 and HPV 16. HPV 6 was 

detected in 22 of 118 tested cases (19%), and 10 of 112 tested controls (9%), for a 

crude OR of 2.9 (95%CI:1.1-7.3). Adjustment for age, smoking, and alcohol 

consumption, did not substantially change the point estimate. HPV 16 was detected in 6 

of 108 the cases (6%), and in 1 of 106 controls (1%). The crude OR of disease for HPV 

16 was 6.2 (95%CI:0.7-52.2). 



Table 9. Case-controls studies of HPV detection and risk of oral carcinomas 

Author, year, Type of HPV Cases Contrais 
studyarea 

Site mate rial type HPV+ N Percent. HPV+ N Percent. 

Maden et aL, 1992 Mouth Exfoliated HPV6 22 118 19% 10 112 9% 
U.S.A (Seattle) cells HPV16 6 108 6% 1 116 1% 

Schwartz et al., 1998 Mouth Exfoliated Ali types 22 237 9% 40 435 9% 
U.S.A (Seattle) cells HPV 6,11 6 237 3% 19 435 4% 

HPV16,18 14 237 6% 18 435 4% 

Smith et aL, 1998 Mouth Exfoliated Ali types 14 93 15% 10 205 5% 
U.S.A (Iowa) cells 

Summersgill et aL, Mouth Exfoliated Ali types 58 202 29% 62 333 19% 
U.S.A (Iowa), 2000 cells High Risk 46 202 23% 37 333 11% 

Nishioka et aL, 1999 Mouth Biopsies HPV16,18 3 14 21% 0 14 0% 
Japan Pharynx 0 15 0% 0 17 0% 

Herrero et aL, 2000 Oral Exfoliated Ali types 86 1625 5% 81 1532 5% 
International cells 

1. ND: Not determined 

OR 95%CI 

2.3 (1.1-5.2) 
6.8 (0.8-57.1) 

0.9 (0.5-1.6) 
0.5 (0.2-1.4) 
1.3 (0.6-2.9) 

3.7 (1.5-9.3) 

1.8 (1.1-2.7) 
2.4 (1.4-3.9) 

NOl ND 

1.0 (0.7-1.4) 

Study Population 

Prevalent cases 
Population-based 

Prevalent cases 
Population-based 

Incident cases 
Clinic controls 

Incident cases 
Clinic controls 

Controls with 
benign disease 

Incident cases 
Hospital controls 

J>, 
"'.J 
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The authors identified from the cancer registry 241 cases of oral cancer diagnosed 

between 1985 and 1989, and 58 of them (24%) were deceased before recruitment. One 

of the major concerns with this study is that exfoliated cells from cancer patients were 

collected after treatment of the disease. Surgical removal of the tumour and surrounding 

areas, and radiation treatment, will affect the detection of tumoural HPV infection. 

Another investigation by the sa me research group (Schwartz et aL, 1998), which will be 

summarized below, assessed the difference in HPV detection rates before and after 

treatment. 

Schwartz et al. (1998) conducted a case-control study following a methodology very 

similar to the study by Maden et al. (1992). They recruited cases diagnosed between 

1990 and 1995 in Washington State. Of a total of 449 eligible subjects, they recruited 

284. Of 729 potential contrai subjects selected by random digit dialing, they recruited 

477. Oral exfoliated cells from both cases and controls were collected at the time of the 

interview, that took place after treatment of the disease (median time following 

diagnosis: 8 months). Presence of HPV DNA was examined using a consensus PCR 

pratocol (MY09/11), as weil as type specific PCR for HPV 6, 11, 16, 18, and 31/33/15. 

The detection rate for any HPV type was 9% for both cases an contrais, for an OR of 

0.9 (96%CI:0.5-1.6). In addition to exfoliated cells, 248 archivai tumour specimens from 

participating cases were examined using the same detection technique. HPV DNA was 

found in 64 of the 248 tumours (26%), a higher detection rate than the one seen in 

exfoliated cells (9%). HPV 16, the most common type detected, was present in 11% of 

carcinomas of the mouth (22 out of 193), in 15 of 44 tonsillar tumours (34%), and in four 
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of 11 tumours of other oropharyngeal tumours (36%). These two studies did not find any 

association between sexual practices (including oral sex) and risk of oral cancer. 

ln another case-control study carried out in Iowa, U.S.A. (Smith et aL, 1998), a total of 

93 newly diagnosed patients of oral cancer and 205 control patients were recruited. 

Controls, frequency matched to cases on the basis of age and gender, were selected 

from nondiseased patients who attended family practice and dentistry clinics. HPV was 

evaluated fram a mouth rinse collection of cells in the oral cavity, and tested with 

consensus PCR (MY09/11). HPV DNA was identified in 14 of the 93 oral cancer (15%) 

and in 10 of 205 controls (5%). The OR of cancer associated with HPV infection was 3.7 

(95%CI:1.5-9.3), adjusted for tobacco and alcohol use. When the authors compared the 

prevalence of HPV infection according to oncogenicity, high risk types were detected in 

71 % of HPV positive cases, and in 30% of HPV positive controls. The analysis of 

markers of sexual behaviour did not show significant difference between cases and 

controls. The authors did not provide information on subsite analysis, comparing 

detection rates on mouth, tonsils, and other oropharyngeal cancers. 

The same research group published a second case-control study (Summersgill et aL, 

2000) using the same elegibility criteria for recruitment of cases and contrais, and the 

sa me methodology for sam pie collection and HPV DNA detection as the previous study. 

Oral exfoliated cells from 202 patients with oral cancer and 333 controls, frequency 

matched on age and gender, were evaluated by consensus PCR (MY09/11) for the 

presence of the virus. HPV DNA was detected in 29% of cases, and in 19% of controls, 

for a crude OR of 1.8 (95%CI:1.1-2.7). The detection rate of high risk HPV types in 



cases and controls was 23% and 11%, respectively (OR=2.4; 95%CI:1.4-3.9). Again, 

the authors did not provide any information on analysis by subsite. 
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Nishioka et al. (1999), in Japan, examined patients with head and neck carcinomas and 

controls with head and neck benign lesions. A total of 15 patients with cancer of the 

mouth and 14 with pharyngeal cancer were recruited. Controls were matched to cases 

in terms of anatomical site of the lesion, age, gender, and smoking status (smoker or 

non smoker). Presence of HPV DNA was examined using type specifie PCR in 

surgically removed tumours for cases, and in surgically removed benign lesions for 

controls. The detection rate was very low: 3 of the 14 cancers of the mouth (21 %) were 

HPV positive, while none of the pharyngeal cancers or mouth and pharyngeal controls 

were positive. 

Herrero et al. (2000) presented results from the multinational case control study in HPV 

and oral cancer. Cases and controls were recruited from 14 centers around the world. 

Information on risk factors was obtained through an interview, and oral exfoliated cells 

were collected before any treatment took place. HPV DNA was examined using the 

GP5+/6+ PCR method. Laboratory results were available for 1711 cases and 1613 

controls. In exfoliated cells, HPV was detected in approximately 5% of both cases and 

controls, with higher detection in cancer of the tonsils (10%). Biopsy specimens from 

case tumours were also examined with the same method. Preliminary results showed a 

low overall prevalence of HPV detection in biopsies (8%), being higher in cancers of the 

tonsils (15%) compared to other sites (6%). 
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Of the six case-control studies (table 9), only two found a possitive association between 

detection of HPV and oral cancer (Smith et al., 1998; Summersgill et aL, 2000). The 

study by Nishioka et al (1999) may be considered the less rigorous. Although there is a 

definion of eligible cases and controls, the authors did not attempt to explore any 

potential confouding due to other risk factors. The prevalence of HPV DNA detection 

was very low in cases and nil in controls.This study is the lest informative among those 

in table 9 since the number of participating subjects was the lowest. 

Four studies were conducted in the U.S.A. by two research groups. The studies 

conducted in the Seattle area (Maden et al., 1992; Schwartz et al.; 1998) did not find a 

positive association between HPV and cancer of the mouth. The interpretation of these 

results should take into account the fact that both studies assessed the main exposure 

in cases that had already been treated for their disease. Most likely, cancer treatment 

affected the detection of tumoural HPV infection. 

The two other studies carried out in the U.S.A. (Smith et aL, 1998; Summersgill et aL, 

2000) showed a positive association between presence of the virus and oral cancer. The 

two investigations enrolled cases before they received treatment. The main purpose of 

the study by Summersgill et al. (2000) was to evaluate the association between p53 

polymorphism at codon 72, and HPV infection in the oral cavity and oral cancer. 

Nevertheless, the authors did not discuss the difference in HPV detection rates reported 

in the two publications by the same reseach group (Smith et aL, 1998, and Summersgill 

et aL, 2000). Having used the sa me methodology, the HPV infection rate in the former 

study was 15% in cases and 5% in controls, while in the latter study was 29% and 19%, 



respectively. It is not clear whether the patients recruited for the first study were also 

included in the second publication. 
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The study with the largest number of patients (Herrero et aL, 2000), failed to find any 

association. The main similarities betweeen this study and the previous two are that the 

three investigations recruited newly diagnosed cases -before any treatment was 

received-, and that presence of HPV was examined in oral exfoliated cells. The main 

differences are the study populations and the detection techniques: Herrero et al. (2000) 

utilized the GP5+/GP6+ PCR method, while the other two investigations used the 

MY09/MY11 protocol. The difference in results are unexpected and very difficult to 

explain, since both detection techniques have very similar sensitivity, and it is very 

unlikely that the difference in study populations may explain alone such a difference. 

These studies will be further discussed in the discussion section. 

2.3.2.5 Oral cancer and HPV seralogy 

Studies of humoral immunity to HPV have been hampered by the lack of suitable 

antigenic targets for serological assays, since neither clinical lesions nor in vitra culture 

systems are practical source of viruses (Stanley, 2001). These limitations have been 

overcome by the demonstration that the expression of the L 1 eapsid protein via 

recombinant vectors results in the assembly of the protein into a conformationally 

correct virus like partiele (VLP), also known as capsids. Kirnbauer et al. (1994) 

developed a standard enzyme linked immunosorbent assay (ELISA) based on HPV 16 

VLPs used as antigen bound to the sol id phase. This immunologieal assay showed a 

good concordance between serological response and detection of viral DNA in the 

cervix. In this study, serum IgG antibodies against HPV 16 VLPs were found in 59% of 
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women testing positive for cervical HPV 16 DNA, whereas only 6% of women negative 

for cervical HPV or positive for the benign HPV 6 or 11 had these antibodies (Kirnbauer 

et al. 1994). The lack of perfect concordance could be due to several reasons: i) there 

are at least 130 HPV types described, and serological cross-reactions between different 

types cannot be ruled out; ii) most HPV infections are transient, and they are cleared 

spontaneously. Many people testing negative for HPV DNA may have had a previous 

infection; iii) seropositivity may have resulted from antigenic exposure in the oral cavity 

and not in the genital tract; and iv) not ail seroconversions against HPV VLPs are seen 

immediately after acquisition of HPV infection; at least in some individuals, 

seroconvertions may take several months (Wikstrëm et aL, 1995; Dillner, 1999). 

Validation of serological assays has been studied using follow up studies. Assessment 

of sensitivity and specificity of humoral response has been done using detection of HPV 

DNA as a reference despite the above caveats. In general, weil designed studies have 

found a sensitivity of at least 50%. Ali studies addressing type specifie serology for HPV 

capsids have found a high specificity (reviewed by Dillner, 1999). Formai studies on 

testing-retesting variability and variability between different laboratories have found good 

agreement (af Geijersstam et aL, 1998; Strickler et aL, 1997). 

Studies of HPV serology and cervical HPV infection or cervical les ions showed that HPV 

seropositivity was more strongly associated with markersof sexual activity th an with 

detection of cervical HPV DNA, specially in populations with low prevalence of HPV 

infection. These findings suggest that serological response is more a marker of past 

cumulative HPV exposure rather than current HPV infection, and that most 



seroconversions are persistent (Nonnenmacher et al., 1996; Dillner et al., 1995a; 

reviewed by Dillner, 1999). 

54 

Only a few investigations have been carried out on HPV serology and oral cancer. A few 

more have been done on esophageal carcinomas and on head and neck cancers, 

including a small number of oral malignancies. These investigations are summarized in 

table 10. Dillner et al. (1995b) conducted a nested case-control study using a serum 

bank comprising samples collected between 1968 to 1972 from 39,268 healthy 

individuals in Finland. Registry linkage with the Finish cancer registry identified 39 cases 

of esophageal cancer, and 89 cases of mouth cancer that had occurred in the cohort up 

to 1991. For each cancer patient, two controls (free of cancer at baseline) were 

selected, matched for sex, age, and municipality. Detection of IgG against HPV 16 

capsids was performed by ELISA. Eight of 39 esophageal cancers (21%) were positive 

for HPV 16 capsids at the preassigned cutoff levels, for a smoking adjusted ORs of 13.1 

(95%CI: 1.6-108). For cancers of the mouth, 5 of 89 cancers were seropositive (6%); 

smoking adjusted OR of 0.5 (95%CI: 0.1-4.5). 

Han et al. (1996) also studied esophageal cancers. They carried out a hospital-based 

case control study in China that included 90 cases of esophageal cancer and 121 

cancer-free control subjects, matched to cases on the basis of age and sex. Blood 

samples were drawn at the moment of recruitment, and presence of HPV 16 antibodies 

was determined by ELISA using HPV 16 VLPs. The mean seroreactivity was 

significantly higher among cases compared to controls. Using a preassigned cutoff point 

for HPV 16 seropositivity, 24% of cancer patients were seropositive compared with 7% 

of the control subjects, yielding an OR of 4.5 (95%CI:1.8-11.9). 



Table 10. Case-contrais studies of HPV seralogy and oral carcinomas 

Author, year, 
Site 

HPV Cases Controls 
OR 95%CI Characteristics 

studyarea type + N Pere. + N Pere. of the study 

Dillner et aL, Esophagus HPV 16 8 36 22% 2 78 3% 13.1 (1.6-108.0) Serum Bank 
Finland, 1995b Mouth HPV16 5 89 6% N01 ND ND 0.5 (0.1-4.5) Nested case-control 

Han et aL, Esophagus HPV16 24 90 27% 7 121 6% 4.5 (1.8-11.9) Hospital-based 
China, 1996 

Bjorge et aL, Esophagus HPV16 9 57 16% 2 171 1% 6.2 (1.0-6.7) Serum Bank 
Norway, 1997 HPV18 11 57 19% 5 171 3% 2.3 (0.6-7.6) Nested case-control 

HPV33 12 57 21% 3 171 2% 4.5 (1.1-21.0) Adjusted for cotinine levels 

Schwartz et aL, U.S.A., 1998 
HPV - tumors Oral HPV16 73 139 53% 156 446 35% 2.5 (1.6-3.8) Prevalent cases 
HPV + tu mors Oral HPV16 28 37 76% 156 446 35% 6.8 (3.0-15.2) 

Lagergren et aL, Esophagus HPV16 6 113 5% 19 288 7% 1.0 (0.5-2.0) Population based 
Sweden, 1999 HPV18 4 119 3% 9 281 3% 0.5 (0.2-1.1) Adj. for smoking and alcohol 

Zumbach et aL, Head and HPV 16/18 11 92 12% 10 288 3% 3.8 (1.4-10.0) E6 & E7 proteins as antigens 
Germany, 2000 Neck 

Mork et aL, Head and HPV16 35 292 12% 102 1568 7% 2.2 (1.4-3.4) Serum Bank 
Scandinavia, 2001 Neck HPV18 17 292 6% 101 1568 6% 1.0 (0.6-1.8) Nested case-control 

HPV33 22 292 8% 154 1568 10% 0.8 (0.5-1.3) Adjusted for cotinine levels 
HPV73 15 292 5% 111 1568 7% 0.6 (0.4-1.2) 

Tongue HPV16 9 57 16% 22 302 7% 2.7 (1.2-6.6) 

Oropharynx HPV 16 10 26 38% 14 137 10% 14.4 (3.6-58.1 ) 

1. ND: Not determined. 

01 
01 
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Bjorge et al. (1997) used a very similar methodology to the one used by Dillner et al. 

(1995b). They took advantage of the Janus serum bank, in Norway, that contains 

samples from approximately 300,000 individuals. Data from the serum bank were linked 

to the cancer registry of Norway to identify cases of esophageal cancer diagnosed after 

donation of the serum. A total of 57 cases were identified. Three controls per case were 

selected from the cohort, individually matched on sex, age at serum sampling, storage 

time, and county of residence. They examined antibodies anti VLPs for HPV 16, 18, and 

33 using an ELISA assay. There was an increased risk of esophageal cancer among 

patients seropositive for HPV 16 (OR=6.2;95%CI:1.0-6.7). For HPV 33, the OR was 4.5 

(1.1-2.1). Results for HPV 18 were not significant (OR=2.3;95%CI:0.6-7.6). Ali ORs 

were adjusted for serum cotinine levels, a biological marker of tobacco smoking. 

Schwartz et al. (1998) determined the seropositivity for HPV 16 capsids among 259 

cases of oral cancer, recruited after treatment, and 446 control subjects. Serological 

response to HPV 16 was determined using an ELISA technique. Mean values of 

seroreactivity were significantly higher among cases. Using an empirical cutoff point, 

51% of cases and 35% of controls were seropositive for HPV 16, with a resulting OR of 

2.3 (95%CI:1.6-3.3). The authors stratified the analysis according to detection of HPV 

DNA in tumours. The OR of disease for patients with tumours positive for HPV DNA was 

6.8 (95%CI:3.0-15.2), whereas for patients with HPV negative tumours the OR was 2.5 

(95%CI: 1.6-3.8). The authors did not present subsite specific analysis, such as for 

patients with cancer of the mouth, tonsillar cancer, or other oropharyngeal cancers. 

Lagergren et al. (1999) conducted a case-control study in Sweden. They assessed 

increased risk of esophageal cancer according to serological response to HPV 16 and 
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HPV 18 capsids. They recruited 121 cases of esophageal squamous cell carcinoma, 

173 cases of adenocarcinoma of the esophagus, and 302 population based controls. To 

determine IgG antibodies against HPV 16 and HPV 18 capsids they used an ELISA 

assay identical to one used in previous studies (Dillner et al., 1995b; Bjorge et al., 1997). 

Participating subjects were interviewed in person to collect detailed information about 

several possible risk factors. Age and sex adjusted ORs of squamous cell carcinoma for 

HPV 16 seropositivity was 1.0 (95%CI:0.5-2.0), and for HPV18 seropositivity wasO.5 

(95%CI:0.2-1.1). The corresponding ORs for adenocarcinoma were 1.2 (95%CI:0.7-2.2), 

and 0.2 (95%CI :0.1-0.7). These results differ substantially with those found by in 

previous studies on esophageal cancer (Dillner et al., 1995b; Han et al., 1996; Bjorge et 

aL, 1997). The main reason proposed by Lagergren et al. to explain these differences is 

the lack of extensive control of confounding in previous studies. However, in their study, 

the crude and adjusted ORs did not differ much (Lagergren et al. 1999). 

Zumbach et al. (2000), in Germany, studied HPV serology in 92 cases of he ad and neck 

cancers, and 288 healthy individuals who served as controls. Among the recruited cases 

were patients with cancer of the mouth, oropharynx, hypopharynx, larynx, and with 

unknown primaries. HPV serology was determined in samples taken at the moment of 

diagnosis using four ELISA assays against HPV type 16 and 18 E6 and E7 proteins, 

respectively. Antibodies against these proteins were found in 11 of 92 cases (12%) and 

in 10 of 288 controls (3%). Antibodies against HPV 16 oncoproteins were found in 10 of 

the 11 seropositive cases. The highest prevalence of seropositivity was seen in patients 

with laryngeal carcinomas (6 out 31, 19%). The seropositivity rate in patients with 

oropharyngeal cancer was 9% (5 out of 54), and none of patients with cancers of other 

sites were seropositive. 
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Mork et al. (2001) used a very similar methodology to previous studies that used serum 

banks (Dillner et al., 1995b; Bjorge et al., 1997). Data files from four serum banks in 

Norway, Finland, and Sweden, comprising 900,000 subjects, were linked to the national 

cancer registries. Persons who developed head and neck cancer (mouth, pharynx, 

larynx, and nose and paranasal sinuses) and donated blood at least one month before 

diagnosis were identified. A total of 292 cases were identified, and five to seven controls 

per case were selected from the cohort. Controls were alive and free of head and neck 

cancer at the time of diagnosis of the index case. Controls were individually matched 

based on sex, age at serum sampling, and storage time. Presence of antibodies against 

VLPs for HPV 16,18,33, and 73 was determined using an ELISA assay. After 

adjustment for cotinine levels, the OR for squamous cell carcinoma of the head and 

neck in subjects seropositive for HPV 16 was 2.2 (95%CI:1.4-3.4). No increased risk 

was observed for other HPV types. The analysis by subsite showed that the highest risk 

was seen for oropharyngeal cancer (OR=14.4;95%CI:3.6-58.1), and carcinoma of the 

tongue (OR=2. 7;95%CI: 1.2-6.6). 

Of the seven studies on HPV serology and head and neck cancers, summarized in table 

10, four examined esophageal cancers, two examined several head and neck sites, and 

one (Schwartz et al., 1998) was limited to oral cancers. Ali studies but one utilized a 

serological assay to detect IgG against viral capsids, known also as VLPs; the study by 

Zumbach et al. (2000) used an ELISA for detection of antibodies against oncoproteins 

E6 and E7 of both HPV 16 and HPV 18. Three studies used serum banks, three 

collected serum samples at the moment of diagnosis, and one (Schwartz et al., 1998) 

collected samples from patients after they had received treatment. 
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Of the four studies on esophageal cancer, ail but one (Lagergren et al., 1999) found an 

increased risk for seropositive individuals; for the positive studies, ORs for HPV 16 

capsids ranged from 4.5 to 13.1. Three studies included cases of oral cancer, alone 

(Schwartz et aL, 1998) or together with cases of other head and neck tumors (Zumbach 

et aL, 2000; Mork et aL, 2001). The three ofthem founda positive association between 

HPV 16 seropositivity and increased risk of cancer. Zumbach et al. (2000) did not report 

results for cancers of the mouth or oropharynx. Schwartz et al. (1998) found a higher 

OR for patients with HPV DNA positive tumours, whereas Mork et al. (2001) found the 

highest OR for patients with oropharyngeal cancers. The only study that controlled for 

markers of sexual activity was the one by Schwartz et al. (1998); this adjustment did not 

change the point estimates. 

2.3.3 Summary of the evidence 

HPV DNA is detected in a substantial proportion of oral squamous cell carcinomas. 

Studies which compared cancers of the oropharynx with cancers of the oral cavity have 

found that the detection rate of viral DNA is higher among the former than among the 

latter. The majority of studies that compared detection rates in oral cancers and in non 

malignant tissues have shown that HPV DNA was detected more frequently in cancer 

tissues. Most case-control studies that recruited cases before being treated for the 

disease found a positive association between detection of viral DNA and oral cancer. 

The majority of case-control studies that assessed HPV infection using serological 

assays also found a positive association between the virus and oral cancer, especially 

cancers of the oropharynx. 
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3. RA TIONAlE AND OBJECTIVES 

3.1 RATIONALE 

Epidemiological studies have assessed the association of i) detection of viral DNA with 

buccal and oropharyngeal cancers, ii) serological response to HPV with buccal and 

oropharyngeal cancers, iii) detection of HPV DNA and HPV serological response with 

buccal cancer. No published study have assessed the association of both markers of 

HPV infection -detection of oral HPV DNA and serological response- with risk of 

developing buccal and oropharyngeal cancers, and whether the risk differs between the 

two subsites. 

3.2 OBJECTIVES 

The primary objectives of the present project were as follows: 

• to examine the association between HPV infection -assessed by detection of HPV 

DNA in the oral cavity and serological response- and risk of developing oral cancer, 

and risk of two subset of oral cancers: i) tonsil related carcinomas (palatine tonsil 

and base of tongue), and ii) oral cancers not related to Waldeyer's ring. 

• To assess the potential effect modification between HPV and tobacco smoking or 

alcohol drinking on oral cancer risk. 

• To examine sexual behaviour as a route of transmission for oral HPV infection. 

• To assess the role of other known (i.e., smoking, alcohol drinking, fruit and 

vegetable intake) or putative (i.e., oral health, sexual behaviour) risk factors for 

cancer of the oral cavity in the study population. 



4. METHODOLOGY 

This project, as a part of a multi centre study, followed a hospital-based case control 

design. Cases consisted of patients with cancer the oral cavity, and controls were 

selected form the sa me hospital as cases 

4.1 STUDY SUBJECTS 

Cases and controls were identified at the Ear, Nose, and Throat (ENT) departments at 

the Jewish General Hospital (JGH) and Royal Victoria Hospital (RVH), hospitals 

affiliated with McGili University, as weil as Notre-Dame Hospital (HND), affiliated with 

Université de Montréal. Recruitment took place from October 1997 until May 2001. 

4.1.1 Selection of Cases 

Ali patients diagnosed with a primary squamous cell carcinoma of the oral cavity were 

considered for recruitment. The following topographie sites, according to the 

International Classification for Diseases in Oncology (ICD-O, Percy et al., 1990) were 

included: inner lip (COO), base of tongue (C01), other and unspecified parts of tongue 

(C02), gum (C03), floor of mouth (C04), palate (COS), other and unspecified parts of 

mouth (C06), tonsils (C09), and oropharynx (C1 0). Patients with cancer of the salivary 

glands (C07, COB) were not eligible. 
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Cases consisted of newly diagnosed patients in one of the participating hospitals. Cases 

might have been diagnosed for the first time outside the participating study hospitals as 

long as the referral to the participating hospital is for primary therapy, not previously 
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treated. Cases were enrolled as soon as possible after histological confirmation of 

squamous cell carcinomas and before receiving any treatment, as any local or systemic 

therapy may interfere with detection of HPV. A clinical diagnosis was sufficient to have 

the patient interviewed and specimens collected, pending histological confirmation. 

Eligible cases were first introduced to the study by the treating physician, who gave the 

patient an English and French version of the letter of introduction to the study (English 

version in appendix 1). This letter, based on the informed consent, explained the nature 

of the investigation and the collaboration requested to participating patients. A research 

nurse or the study coordinator attended weekly tumour boards at participating hospitals 

to identify eligible patients. Once these patients were identified they were contacted by 

the research nurse at the ENT clinic, admission clinic, or at the hospital room the day 

before surgery. Patients were further explained about the nature of the study, as weil as 

their right to refuse participation. Patients agreeing to participate were interviewed, and 

oral exfoliated cells and a blood sam pie were collected. 

4.1.2 Selection of Controls 

Controls were selected from the inpatient and outpatient clinics at the sa me hospitals as 

the cases. Initially, one control per case was chosen. Afterwards, due to the low number 

of cases recruited, the proportion of controls was increased, to complete almost two 

controls per case. Control subjects were frequency matched to cases by sex, age (five 

year group), and hospital. 

Controls were selected among individuals without a personal history of cancer. Patients 

with admitting diseases related to tobacco and/or alcohol consumption were not eligible, 
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e.g. chronic lung disease, coronary artery disease, cirrhosis. Severely debilitated 

patients, or those who were in physical or mental conditions too poor to give reliable 

answers to the questionnaire or to undergo oral examination and exfoliated cell 

collection were not included, either as cases or controls. Efforts were made to ensure a 

good balance in the distribution of diseases among controls, with no single diagnostic 

group contributing more than 20% of ail controls. 

4.2 INTERVIEWS OF STUDY SUBJECTS 

Ali subjects, cases and controls, were interviewed by bilingual nurses specially trained 

for this study. Research nurses, one per hospital, were trained by the study coordinator 

to understand the purpose of ail questions in the questionnaire and to learn how to 

collect the oral exfoliated cells. Each patient was interviewed by a research nurse by 

means of a precoded questionnaire. Ali interviews took place at the hospital in a quit 

room, to assure patients' confidentiality. 

The questionnaire was designed by researchers at IARC, with modifications suggested 

from investigators responsible for the different centres. It included demographic 

characteristics, life time history of smoking, and alcohol drinking, detailed cancer family 

history, history of selected infectious diseases, and recent intake of fruit, vegetables, 

and a few selected dietary pattern indicators. Information on lifetime sexual practices 

was also included. Questions about oral health were complemented by a visual 

examination of the oral cavity by the interviewer. Appendix 2 includes the English 

version of the questionnaire. After the interview, the study subjects were asked to 
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provide a blood sample and the oral cells sam pie. Overall, the interview and collection of 

samples took on average 30 to 40 minutes. 

4.3 CLiNICAL SPECIMENS 

For ail participating subjects, oral exfoliated cells and a blood sam pie were collected. 

For cases, in addition to the previos samples, a biopsy ot the tumour was obtained. 

4.3.1 Oral exfoliated cells 

Collection of oral exfoliated cells was done by the research nurse afer the interview 

using a soft toothbrush, followed by a mouthwash. This method has been shown to yield 

good quantities of DNA (Lawton et al., 1992). This oral sam pie was used for the 

detection of HPV, therefore it was extremely important to use disposable equipment and 

to take ail measures possible to prevent contamination of one sam pie with another. This 

is particularly important because the detection method utilized was PCR, which is very 

susceptible to contamination. 

Cases and controls were instructed to remove dentures if they worn, and then to 

perform a mouthwash with water. The research nurse examined the oral cavity to 

assess the general oral hygiene and to register the nature of any visible lesion. 

Afterwards, she performed the brushing of the oral cavity with a soft toothbrush as 

follows: 

• In control subjects, several (5-10) gentle strokes with the toothbrush were made on 

each of the following areas: right buccal mucosa (from high to low position),left 



buccal mucosa (from high to low position), right side of the tongue, dorsal side of 

the tongue, left side of the tongue, inside of upper and lower lip. 
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• ln cancer cases, in addition to performing a brushing in a similar way as in controls, 

any visible lesion was brushed with several (5-10) gentle strokes trying to avoid 

necrotic areas anc causing any pain. 

Immediately after the scraping of the oral mucosa, the toothbrush was introduced in a 

conic plastic tube of 50 ml containing about 20 ml of Phosphate Buffered Saline (PBS), 

and was shaken to detach exfoliated cells. Patients were asked to perform energetic 

washing of the oral cavity, including the throat by performing gargarisms, with 10 ml of 

salien solutions PBS which will then be poured in the same conic tube. 

The conic tube containg the oral cells was kept a at 4°e (normal refrigerator) until 

processing of the sample, that took place no later than 24 hours after the sample was 

drawn. 

The processing of the oral cells was done as follows: i) the conic tube was centrifuged at 

3000 G for 10 minutes; ii) the overnatant solution, two thirds of PBS and one third of 

saline, was discarded by gently pouring off, leaving the cells pellet in small quantity of 

solution (2-3 ml); iii) the pellet was diluted in the same volume (2-3 ml); iv) the diluted 

pellet was aliquoted into three microtubes using a Pasteur pipette; microtubes were 

labelled with the initiais of the subject and the identification number; v) the cell 

suspensions were frozen at -BOoe until they were sent for analysis in batches. 
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4.3.2 B/ood Samp/e 

A sam pie of 10 ml of blood was collected from each case and control, using the usual 

sterile technique and heparinized tubes. The sam pie was kept at 4°C and processed as 

soon as possible. Most blood samples were processed within a few hours after they 

were drawn. A few samples were processed the day after. 

The heparinized blood was centrifuged at 1500 G for 20 minutes. Three aliquots of 

plasma were place in microtubes, as weil as two aliquots of the buffy coat. Microtubes 

were frozen at -BO°C until they were sent for analysis in batches. 

4.3.3 Biopsies trom cases 

Whenever possible, biopsies were obtained from cases for HPV testing. Sorne biopsies 

were obtained at the clinic, using a standard forceps. Sorne others were obtained by the 

ENT surgeon at the operating room, or by the pathologist when the fresh surgical 

specimen was taken to the laboratory. Ali speciments collected were obtained before 

initiation of radiotherapy or chemotherapy. The tumour specimens were kept at -70°C 

until further analysis. 

4.4 CLiNICAL INFORMATION ON CASES 

Clinical information on cases was obtained form the medical charts. The following 

information was collected: site of the tumour, TNM staging (tumour classification, Iymph 

node involvemnet, and presence of mathastasis), and morphological differention of the 

tumour. 



4.5 ANAL YSIS OF BIOLOGICAL SPECIMENS 

4.5.1 Detection of HPV DNA in oral exfoliated cells 

Detection of HPV DNA in oral exfoliated cells was performed at the laboratory of Dr. 

François Coutlée, at the Départements de Microbiologie-Infectiologie, Pavillon Notre 

Dame, CHUM, in Montreal, using the PGMY09/11 PCR protocol (Gravitt et aL, 2000). 
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Frozen oral cell suspensions were thawed, Iysed by addition of Tween 20 at a final 

concentration of 0.8% (v/v) and digested with 250 I-Ig per ml of proteinase K for 2 hours 

at 45°C (Coutlée et aL, 1997a). After heat inactivation at 95°C for 5 minutes, ceillysates 

were stored at -70°C until tested. 

Five 1-11 of each Iysate were tested with PC04 and GH20 primers for the presence of ~­

globin to identify samples that contained inhibitors, degraded or inadequate quantities of 

cellular DNA (Bauer et aL, 1991; Coutlée et aL, 1997a). Samples testing positive for~­

globin were tested for HPV with PGMY primers (see below). DNA was purified from ~­

globin-negative samples by phenol-chloroform extractions and ethanol precipitation at -

70°C (Coutlée et aL, 1997b) and resuspended in 50 1-11 of 10 mM Tris-HCI [pH 8.2]. One 

I-Ig of extracted DNA was then tested for ~-globin. Samples remaining negative for ~­

globin were considered inadequate. 

~-globin-positive samples were amplified for HPV with consensus primers PGMY09 and 

PGMY11 (Gravitt et aL, 2000; Coutlée et aL, 2002). Amplification of HPV DNA was 

accomplished using the ultrasensitive amplification profile in a TC 9600 thermal cycler 

which consisted in the activation of AmpliTaq Gold at 95°C for 9 minutes, denaturation 
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at 95°C for 1 minute, primer annealing at 55°C for 1 minunte, DNA synthesis at 72°C for 

1 minunte for 40 cycles, followed by a five-minute terminal extension step at 72°C. 

HPV amplicons were detected and typed with the line blot assay (Roche Molecular 

systems) as described previously (Coutlée et aL, 1999; Gravitt et aL, 2000). Twenty 

seven genital HPV genotypes were detected with the latter assay, including types 6, 11, 

16,18,26,31,33,35,39,40,42,45,51,52,53,54,55,56, 57, 58, 59, 66, 68, 73, 82, 

83,84 (Gravitt et aL, 2000). This PCR assay reliably detects 10 HPV DNA copies and is 

very specifie. Negative, weak (10 HPV18 DNA copies), and strong positive HPV 

contrais, were included in each amplification run. Precautions to avoid contamination 

were taken at ail steps. 

4.5.3 HPV ser%gy 

Serological response to HPV was performed at the laboratory of Dr. Raphael Viscidi, the 

The Johns Hopkins Hospital, Baltimore, MD, U.S.A. 

4.5.3.1. Production of virus-like-partic/es (VLPs) 

For large-scale production of VLPs, approximately 2 x 109 Trichoplusia ni (High Five) 

cells (Invitrogen, Carlsbad CA) were infected with 20 ml of a high titer recombinant 

baculovirus expressing L 1 proteins. After 96 hours of incubation at 2rC, the cells were 

harvested and Iysed by sonication. VLPs were purified and the total protein was 

measured (Kimbauer et aL, 1993, Cook et al., 1999). 
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4.5.3.2. VLP ELISA 

Plasma samples were tested using a HPV VLP based ELISA as described by Viscidi et 

al. (1997). Wells of 96-well polystyrene fiat bottom PolySorp plates (Nunc, Naperville, IL) 

were coated with 50 ng, 40 ng, or 40 ng of HPV 16, HPV 18, or HPV 31 VLP protein, 

respectively, in 100-ul of phosphate buffered saline, pH 7.2 (PBS). Following overnight 

incubation at 40°C, plates were tapped dry on a paper towel and 300 !JI per weil of 

blocking solution [0.5% polyvinyl alcohol in PBS (wtlvol)(catalogue number P-8136, 

Sigma, St Louis MO)] was added. Plates were incubated at room temperature for 3 

hours, and then the blocking solution was removed by inversion of the plates and 300 !JI 

per weil of PBS was added. The plates were covered with a plastic sealer and stored at 

-20°C. Before use, plates were thawed at room temperature and washed 3 times with 

wash solution (PBS-0.05% Tween 20) in an automatic plate washer (Skanwasher 300, 

Skatron, Lier, Norway). The wash buffer was left in the wells until ail plates had been 

washed in order to prevent drying of VLPs absorbed to the plate. Plates were tapped dry 

on a paper towel and 100 !JI per weil of sam pie dilution buffer (0.5% polyvinyl alcohol in 

PBS) was added. Pipetting of serum samples was done using a MultiPROBE Il robotic 

liquid handling system (Packard Instruments, Meriden CT). A 1: 1 0 dilution of the sam pie 

was made into sam pie dilution bUffer in the weil of an uncoated 96 weil microtiter plate, 

and then 10 !JI of diluted serum was added to the weil of an antigen coated plate 

containing 100 !JI of sam pie dilution buffer, for a final sam pie dilution of 1: 100. Samples 

were tested in duplicate on separate antigen coated plates. Plates were incubated at 

3rC for 1 hour on a microplate shaker and then washed twice, rotated 1800 and 

washed 2 more times. Goat anti-human IgG, gamma chain specific, conjugated with 

horseradish peroxidase (Zymed, San Francisco, CA), was diluted 1 :4000 in conjugate 

buffer [0.8% polyvinyl pyrrolidone (wtlvol) (catalogue number PVP-360, Sigma), 0.5% 
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polyvinyl alcohol and 0.025% Tween 20 in PB8] and 100 1-11 were added per weil after 

the wash buffer had been removed by tapping the plates dry on a paper towel. Plates 

were incubated at 37°C for 30 min on a microplate shaker and then washed as 

described above. Freshly prepared 2,2'-azinobis(3-ethylbenzthiazolinrsulfonic acid) and 

hydrogen peroxide solution (Kierkegaard and Perry, Gaithersburg, MD), pre-warmed to 

50°C, was added to each weil in 100 1-11 volumes. Plates were incubated at room 

temperature in the dark for approximately 20 minutes. The first plate in a series was 

monitored until the weak positive control reached a predetermined optical density (OD) 

value. The positive controls were human serum samples previously shown to be 

reactive in the assay. Three controls were included on each plate, a weak positive, a 

moderate to strong positive and a negative control. The enzyme reaction was stopped 

by the addition of 100 1-11 of 1 % dodecyl sulfate per weil to ail the plates. The absorbance 

was measured at 405 nm, with a reference wavelength of 490 nm, in an automated 

microtiter plate reader (Molecular Deviees, Menlo Park CA). The cutpoint for positive 

results was determined from the reactivity of plasma samples from self-reported virgins 

from Costa Rica or from previously established negative control samples. The mean and 

standard deviation (8D) of OD values for the control samples was calculated and values 

greater than the mean plus 3 8D were excluded. The analysis was repeated on the 

remaining samples until no further OD values could be excluded by this criterion. After 

excluding outliers, the eut point was set as an OD value greater than the mean OD of 

the negative controls plus either 3 8D or 0.030 OD units, whichever value was higher. 

The eut points for the HPV 16,18 and 31 assays were 0.050,0.040, and 0.045 OD 

units, respectively. 
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4.5.4 Detection of HPV DNA in tumour biopsies 

Detection of HPV DNA in tumour biopsies was performed at the laboratory of Dr. Peter 

Snijders, Department of Pathology (Molecular Pathology Section) of the Free University 

Hospital, Amsterdam. 

Frozen biopsies were were thawed, and were digested in a similar way to the already 

described. Samples were tested with PC04 and GH20 primers for the presence of (3,­

globin to identify samples with adequate ampunt of cellular DNA. 

HPV DNA testing was done using the GP5+/GP6+ PCR protocol (De Roda Husman et 

al., 1995), that allows the detection of a broad spectrum of mucosotropic HPV 

genotypes. The main difference between this PCR protocol and to the one described 

above is the use of a different ser of primers - the GP5+/GP6+ instead of the 

PGMY09/PGMY11-. Each cycle of amplification included a 1 minute denaturation step at 

94°C, an annealing step at 40°C for 2 minutes, and a chain elongation step at 72°C for 

1.5 minutes. The last cycle was extended bya 10 min elongation step, and then the 

tubes were left to soak at 4°C. 

4.6 STATISTICAL ANALYSIS 

Standard epidmiological methods of data analysis for case-control studies were used 

(Breslow and Day, 1980). The OR was the measure of association to calculate the rate 

ratio of disease for each study factor. Multivariate logistic regression was used to assess 

the effect of candidate risk factors with mutual adjustment for confounders. Adjustment 

for tobacco and alcohol consumption was based on the lifetime cumulative exposure 

using the pack-years equivalent of cigarette smoking and the sum over ail alcoholic 
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beverage types in kilograms of ethanol consumption. A pack-year was defined as the 

cumulative exposure equivalent to smoking one pack of cigarettes daily during one year. 

Doses were calculated as follows: 20 commercial-brand cigarettes = 4 hand-rolled, 

black tobacco cigarettes = 4 cigars = 5 pipefuls with pipe tobacco = 1 pack; ethanol 

concentration in beer = 5%, wine = 10%, hard liquor = 40%. 

4.7 ETHICAL CONSIDERATIONS 

This project was approved by the Institutional Review Board of McGili University 

(appendix 3), and those of participating hospitals. Patients were introduced to the study 

by treating physicians, and cases were contacted after having full knowledge of the 

nature of their disease. Patients were clearly explained that there were no direct 

personal benefits for them for participating in the study. Only patients who agreed to 

participate after reading and signing the informed consent were recruited. English 

version of informed consent for cases (yellow paper) and controls (green paper) are 

included in appendix 4. 

Results from laboratory analyses and information from questionnaries are kept 

confidential. Names or other information that could identify patients cannot be linked to 

data files. 
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5. RESULTS 

5.1 CHARACTERISTICS OF STUDY SUBJECTS 

A total of 72 cases were recruited in the study. At the JGH and RVH, 86 patients with 

newly diagnosed oral cancer were identified during the study period. Of these, 68 agreed 

to participate in the study: 44 at the JGH, and 28 at the RVH. Of the remaining 18 

(20.9%), three patients were not contacted before beginning of treatment, one did not 

return for treatment, one had extreme weakness, three patients were unable to give 

consent due to mental conditions, and 10 patients refused to participate. At NDH, 1 could 

not establish a good coordination with the clinicians and the research nurses, since they 

were involved in a clinical trial which included the same eligible patients, and the latter 

study received priority over mine. Nevertheless, four patients were invited to participate 

at NDH and they ail agreed. It was not possible to gather information on age and sex for 

the eligible patients who were not contacted at NDH. 

A total of 129 controls were recruited for this study: four at NDH, 37 at RVH, and 88 at 

the JGH. Ten patients refused to participate as controls. Table 11 shows the distribution 

of participating and non participating cases and contrais according to age and sex. Non 

participating cases were on average older that the recruited cases: mean age 61.6 and 

66.8, respectively. Patients aged 70 and older accounted for 25.0% of recruited cases 

and for 44.4% for non participants. The proportion of females was higher among non 

participating cases, being a minority in participating cases (29.2%), and a majority 

among those who did not participate (61.1 %). Similar differences in terms of age and 

sex were seen in the comparison between participating and non participating controls: 

mean age 60.8, and 69.4, respectively. Females accounted for 28.7% of participating 
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Table 11. Distribution of participating and non participating cases (top), 

and controls (bottom) according to age and sex 

Participating Non participating 
Variable Categories Cases Cases 

N % N % 

Age <50 12 16.7% 1 5.6% 

50-59 19 26.4% 4 22.2% 

60-69 23 31.9% 5 27.8% 

70+ 18 25.0% 8 44.4% 

Mean 61.6 66.8 

Sex Male 51 70.8% 7 38.9% 

Female 21 29.2% 11 61.1% 

Total 72 100.0% 18 100.0% 

Participating Non participating 
Controls Controls 

N % N % 

Age <50 24 18.6% 0 0.0% 

50-59 33 25.6% 2 20.0% 

60-69 41 31.8% 3 30.0% 

70+ 31 24.0% 5 50.0% 

Mean 60.8 69.4 

Sex Male 92 71.3% 6 60.0% 

Female 37 28.7% 4 40.0% 

Total Total 129 100.0% 10 100.0% 



controls and 40.0% of non participating potential controls. The potential selection bias 

introduced by these differences will be presented in the discussion section. 
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5.1.1 Distribution of cases according to clinical and histopathological variables 

The distribution of cases according to main clinical and histopathological characteristics 

is shown in tables 12 and 13. Table 12 shows the distribution of cancer patients 

according to site of the primary tumour. The most common site was tongue (excepting 

base of tongue), with 21 cases (29.2%), followed by floor of the mouth, and tonsillar 

cancer, with 12 cases each (16.7%). The least common sites were inner lip (one case), 

gum, and oropharynx (two cases each). 

Table 13 shows the distribution of cases according to staging of the disease and 

histopathological grade. Disease staging of invasive tumors -does not include 

carcinomas in situ (CIS)- is based on the TNM classification of malignant tumours 

published by the Union Internationale Contre le Cancer (UICC, 1980). The extent of the 

disease is assessed by the T classification (local extent), the N classification (regional 

Iymph node involvement), and the presence or absence of distant metastasis (M 

classification). Three cases (4.2%) were diagnosed with CIS (non invasive), 12.5% of 

the patients were diagnosed with invasive tumours of 2 cm or less (T1), 45.8% had 

tumours of 2 to 4 cm (T2), 18.1 % had a T3 primary tumour (more than 4 cm), whereas 

19.4% of the patients had tumours with extension to neighbouring structures such as 

bone, muscle, skin, or cartilage (T4). 

The diagnosis of regional spread of the disease is do ne through the assessment of 

involvement of cervicallymph nodes. Most patients (58.3%) did not present evidence of 

Iymph node involvement at the moment of the diagnosis of the disease, whereas 13.9% 
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Table 12. Distribution of cases according to topographie site 

ICD-01 Topogographic site N % 

COO Lip 1 1.4% 

C01 Base of tongue 9 12.5% 

C02 
Other and unespecified 

21 29.2% parts of tongue 

C03 Gum 2 2.8% 

C04 Floor of mouth 12 16.7% 

COS Palate 4 5.6% 

C06 
Other and unespecified 

9 12.5% parts of mouth 

C09 Tonsil 12 16.7% 

C10 Oropharynx 2 2.8% 

Total 72 100.0% 

1. International Classification for Diseases in Oncology 
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Table 13. Distribution of cases according to clinical and pathological variables 

Variable Categories N % 

T Classification CIS1 3 4.2% 

T1 9 12.5% 

T2 33 45.8% 

T3 13 18.1% 

T4 14 19.4% 

N Classification NO 42 58.3% 

N1 10 13.9% 

N2 18 25.0% 

N3 2 2.8% 

TNM Stage CIS 3 4.2% 

Stage 1 8 11.2% 

Stage Il 23 31.9% 

Stage III 13 18.1% 

Stage IV 25 34.7% 

Histopathological CIS 3 4.2% 

grade Weil 14 19.4% 

Moderate 32 44.4% 

Poor 13 18.1% 

Not reported 10 13.9% 

Total 72 100.0% 

1. CIS: carcinoma in situ 



78 

of the cases presented movable homolateral metastatic Iymph nodes (N1), 25.0% 

presented movable contralateral or bilaterallymph node involvement (N2), and 2.8% of 

the patients were diagnosed with fixed (non-movable) metastatic Iymph nodes (N3). 

None of the recruited cases had clinical evidence of distant metastasis at the moment of 

diagnosis. 

The TNM stage is a classification of the extension of the disease which summarizes the 

local (T classification), regional (N classification), and distant (M classification) spread of 

the tumour. The TNM stage is one of the most important predictors of survival among 

individuals with oral cancer. The most common disease stage at diagnosis were stage IV 

(34.7%), and stage" (31.9%). 

Several reports have indicated that histopathologic grading of tumours may have 

prognostic value for oral cancers (reviewed by Bryne, 1991). The grading is based on 

differentiation of the tumour according to morphologie characteristics such as degree of 

keratinization, nuclear polymorphism, number of mitoses, pattern of invasion, and 

Iympho-plasmocytic infiltration (Bryne, 1991). The distribution of patients according to 

histopathological differentiation is shown in table 13: 14 patients (19.4%) had weil 

differentiated tumours, 32 (44.4%) had moderately differentiated tumours, 13 (18.1 %) 

had poorly differentiated tumours, whereas three patients had CIS (4.2%). Degree of 

differentiation for ten patients (13.9%) was not reported in their medical charts. 

5.1.2 Distribution of admission conditions among hospital controls 

The underlying causes of hospital admission among control patients were grouped into 

11 diagnostic categories of the ICD-9 (table 14). The most common groups were: 

diseases of the nervous system and sense organs (mainly patients with diseases of the 



Table 14. Distribution of control patients according to diagnostic group 

ICD-9 
rubric 

001-139 

210-229 

240-279 

320-389 

390-459 

520-579 

580-629 

680-709 

710-739 

780-799 

800-999 

Main diagnostic group 

Infectious and parasitic diseases 

Benign Neoplasms 

Endocrine, nutritional and metabolic diseases, 
and immunity disorders 

Diseases of the nervous system and sense organs 

Diseases of the circulatory system 

Diseases of the digestive system 

Diseases of the genitourinary system 

Diseases of the skin and subcutaneous tissue 

Diseases of the musculoskeletal system 
and connective tissue 

Symptoms, signs, and ill-defined conditions 

ln jury and poisoning 

Total 

N 

1 

7 

4 

25 

6 

25 

9 

4 

16 

24 

8 

129 

79 

% 

0.8 

5.4 

3.1 

19.4 

4.7 

19.4 

7.0 

3.1 

12.4 

18.6 

6.2 

100.0 
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eye), diseases of the digestive system diseases (such as cholelithiasis, inguinal hernia, 

and diverticulitis of the colon), and ill-defined diagnostic conditions (such as fever, 

abdominal pain, and urinary incontinence). 

5.2 DISTRIBUTION OF CASES AND CONTROLS ACCORDING TO STUDY VARIABLES 

5.2.1 Distribution of subjects according to socio-demographic characteristics 

Table 15 summarizes the distribution of cases and controls according to selected socio­

demographic characteristics. By design, the distribution of cases and controls by sex 

and age was very similar. The age groups most commonly represented were the 55 to 

64, and the 65 to 74, with over 25% of subjects within each group. Women accounted for 

29.2% of the cases (21 out of 72), and 28.7% of the controls (37 out of 129). 

Among other variables included in table 15, cases differed from controls with respect to 

indicators of social and/or cultural background. On average, cases had fewer years of 

schooling than controls: 18.6% of controls, and 38.9% of cases, respectively, had fewer 

that 10 years of formai education, whereas the proportion of controls and cases that had 

15 or more years were 45%, and 20.8%, respectively. Regarding ethnie/racial 

background, the proportion of white subjects was slightly higher among cases than 

controls (94.4% and 92.2%, respectively). The distribution of participating subjects by 

religion showed that the proportion of catholics was higher among cases, whereas the 

proportion of jewish individuals was higher among controls. Despite the efforts by the 

research nurses to find a good balance in spoken language between cases and controls, 

the proportion of English speaking subjects was higher among controls. Due to the 

imbalance in these variables -schooling, race, religion, and language-, they were 

selected as potential confounders of the relationship of other factors and oral cancer for 

the purpose of covariate adjustment. 
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Table 15. Distribution of study subjects according to selected 

socio-demographic characteristics 

Variable Categories 
Controls Cases 

N % N % 

Age in years 25-34 4 3.1% 2 2.8% 

35-44 7 5.4% 4 5.6% 

45-54 27 20.9% 14 19.4% 

55-64 37 28.7% 19 26.4% 

65-74 33 25.6% 20 27.8% 

75-84 21 16.3% 13 18.1% 

Sex Male 92 71.3% 51 70.8% 

Female 37 28.7% 21 29.2% 

Schooling <10 years 24 18.6% 28 38.9% 

10-14 years 47 36.4% 29 40.3% 

15+ years 58 45.0% 15 20.8% 

Race White 118 92.2% 68 94.4% 

Non-white 10 7.8% 4 5.6% 

Religion Catholic 75 58.1% 51 70.8% 

Protestant 19 14.7% 9 12.5% 

Jewish 18 14.0% 4 5.6% 

Other 17 13.2% 8 11.1% 

Language English 54 41.9% 26 36.1% 

French 56 43.4% 40 55.6% 

Other 19 14.7% 6 8.3% 

Total 129 100.0% 72 100.0% 
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5.2.2 Distribution of subjects according to tobacco and alcohol consumption 

Before presenting the results from the logistic regression analysis, 1 will present the 

distribution of participating subjects according to the main risk factors. The distribution of 

cases and controls according to tobacco consumption is shown in table 16. As expected, 

the proportion of smokers and the intensity of the habit was higher among cases. 

Subjects were classified depending on their smoking status (never, former, or current 

smokers), their lifetime cumulative exposure, as weil as smoking duration (in years), and 

intensity (average consumption of cigarettes per day). Lifetime cumulative exposure was 

measured in pack-years as explained in the methodology section. 

The prevalence of current smoking was substantially higher among cases than controls: 

48.6% versus 14.0%. Former and never smokers were more common among controls. 

The lifetime cumulative exposure of cigarette smoking showed a high proportion of 

heavy smokers; 38.9% of cases and 16.3% of controls were in the category of 45 pack­

years and more. In the category of 19 to 45 pack-years, the proportions were 30.6% and 

21.7%, respectively. The cumulative exposure to cigar and pipe smoking did not differ 

substantially between cases and controls. Combining ail three smoking habits (cigarette, 

cigar, and pipe), the distribution of total tobacco consumption was similar to that of 

cigarette smoking alone. 

Regarding duration of smoking, 41.7% of cases smoked for 39 or more years, and 

25.0% smoked between 26 and 38 years. For controls, the proportions were 16.3%, and 

22.5%, respectively. The distribution of average intensity of smoking, measured in 

cigarettes per day (or its equivalent), showed that 34.7% of cases and 22.5% of controls 
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Table 16. Distribution of study subjects according to tobacco smoking 

Variable Categories 
Controls Cases 

N % N % 

Smoking Never 41 31.8% 11 15.3% 
status 

Former 70 54.3% 26 36.1% 

Current 18 14.0% 35 48.6% 

Cigarettes No smoker 44 34.1% 12 16.7% 
(in pack-years) 

:s; 18 36 27.9% 10 13.9% 

19-45 28 21.7% 22 30.6% 

45+ 21 16.3% 28 38.9% 

Cigars No smoker 119 92.2% 65 90.3% 
(in pack-years) 

:s;9 6 4.7% 3 4.2% 

10+ 4 3.1% 4 5.6% 

Pipe No smoker 117 90.7% 64 88.9% 

(in pack-years) :s; 2.5 5 3.9% 5 6.9% 

2.5+ 7 5.4% 3 4.2% 

Total tobacco Never 41 31.8% 11 15.3% 
(in pack-years) 

:s;19 40 31.0% 12 16.7% 

20-48 27 20.9% 21 29.2% 

49+ 21 16.3% 28 38.9% 

Duration < 1 44 34.1% 12 16.7% 
(in years) 

1-25 35 27.1% 12 16.7% 

26-38 29 22.5% 18 25.0% 

39+ 21 16.3% 30 41.7% 

Intensity < 1 44 34.1% 12 16.7% 
(cigarettes/day) 

1-14 32 24.8% 13 18.1% 

15-24 24 18.6% 22 30.6% 

25+ 29 22.5% 25 34.7% 

Total 129 100.0% 72 100.0% 
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smoked on average 25 or more cigarettes per day during their life as smokers. The 

proportions of cases and controls who smoked an average of 15 to 24 cigarettes per day 

were 30.6%, and 18.6%, respectively. 

Table 17 shows the distribution of subjects according to alcohol drinking. On average 

cases drank alcohol for a longer time than contrais, but the difference was not of great 

magnitude. On the other hand, the difference in intensity of drinking -measured in 

number of drinks per day or week- was more remarkable. One drink was defined as one 

small bottle of beer (330 ml), medium glass ofwine (125 ml), or a small glass of hard 

liquor (50 ml). Approximately one fifth of controls (20.9%) and more than half of cases 

(55.6%) had on average at least one drink per day. The proportion of subjects having 

one or fewer drinks per week (including non drinkers) was 40.3% for contrais, and 20.8% 

for cases. The cumulative lifetime consumption of alcohol, measured in kilograms of 

alcohol as explained in the methodology section, was higher among cases than controls. 

The praportion of non drinkers, defined as lifetime consumption of less than one 

kilogram of alcohol, was similar between cases and controls: 9.7% and 11.6%, 

respectively. In contrast, the proportion of heavy drinkers was considerably higher 

among cases. The proportion of subjects with a total alcohol consumption of more than 

400 kilograms was 52.8% among cases, and 17.1% among controls. 

The type of alcoholic beverage consumed also differed between cases and contrais. The 

proportion of mainly wine drinkers (more than 50% of the total alcohol consumption) was 

31.0% for controls, and 16.7% for cases. In contrast, the praportion of mainly beer 

drinkers was 25.6%, and 48.6%, respectively. The distribution of subjects according to 

the percentage of hard liquor (such as whisky, cognac, vodka, and gin) of the total 

alcohol drinking did not differ substantially between cases and contrais. 
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Table 17. Distribution of study subjects according to alcohol drinking 

Variable Categories 
Controls Cases 

N % N % 

Duration <5 16 12.4% 7 9.7% 
(in years) 6 -10 39 30.2% 16 22.2% 

31-44 39 30.2% 24 33.3% 

~45 35 27.1% 25 34.7% 

Intensity (in number $ 1/week 52 40.3% 15 20.8% 
of drinks) 2-6/week 50 38.8% 17 23.6% 

~ 1/day 27 20.9% 40 55.6% 

Cumulative Non drinker1 15 11.6% 7 9.7% 
consumption (in kgs) 1-80 47 36.4% 10 13.9% 

81-400 45 34.9% 17 23.6% 

~401 22 17.1% 38 52.8% 

Wine Non drinker 15 11.6% 7 9.7% 
(% total alcohol) <20% 28 21.7% 19 26.4% 

20-49% 28 21.7% 13 18.1% 

~50% 40 31.0% 12 16.7% 

Other alcohol 18 14.0% 21 29.2% 

Beer Non drinker 15 11.6% 7 9.7% 
(% total alcohol) <20% 13 10.1% 7 9.7% 

20-49% 25 19.4% 8 11.1% 

~50% 33 25.6% 35 48.6% 

Other alcohol 43 33.3% 15 20.8% 

Hard liquor Non drinker 15 11.6% 7 9.7% 
(% total alcohol) < 20% 13 10.1% 16 22.2% 

20-49% 20 15.5% 9 12.5% 

~50% 30 23.3% 14 19.4% 

Other alcohol 51 39.5% 26 36.1% 

Total 129 100.0% 72 100.0% 

1. Non drinker: lifetime consumption of alcohol of less than 1 kg. 
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5.2.3 Distribution of subjects according other risk factors 

Table 18 shows the distribution of study subjects according to consumption of dietary 

items during the last year before disease symptoms developed. These variables were 

categorized in approximate tertiles, to allow a balanced distribution of cases and controls 

in each category. Cases had a higher consumption of ham, salami, and sausages than 

controls: 38.9% of cases consumed these items at least twice a week, compared to 

24.8% of controls. The consumption of read meat was slightly higher among cases than 

controls.On the other hand, intake of fish, fresh vegetables (including tomatoes, 

cruciferae, and carrots), as weil as fresh fruits was higher among controls. The 

proportion of controls who declared a consumption of fish of at least twice a week was 

44.2%, compared with 22.3% of cases. The intake of fresh tomatoes was slightly higher 

among controls than cases, whereas the intake of cruciferae vegetables (such broccoli, 

cabbage, and Brussels sprout) and carrots was substantially higher. The proportion of 

controls who declared to had consumed cruciferus vegetables at least three times a 

week was 42.6%, and carrots was 55.0%, compared to 19.4% and 31.9% for cases, 

respectively. The consumption of fresh fruits and fruit juices did not differ much between 

cases and controls. 

Table 19 shows the history of cancer among first degree relatives -excluding children- of 

study subjects. The rate of malignancies in the head and neck region, lung, and ail sites 

did not differ substantially between first degree relatives of cases and controls. 

Unfortunately, the rates of cervical cancer shown in the table were not valid, since many 

patients who declared having mothers or sisters who developed cancer of the uterus 
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,~ ... -. Table 18. Distribution of study subjects according to consumption of dietary items 

Variable Categories 
Controls Cases 

N % N % 

Ham, salami, and < 1/week 68 52.7% 23 31.9% 
sa usages 

1/week 29 22.5% 21 29.2% 

2+/week 32 24.8% 28 38.9% 

Read meat :::2/week 43 33.3% 18 25.0% 

3-5/week 50 38.8% 30 41.7% 

6+/week 36 27.9% 24 33.3% 

Fish < 1/week 25 19.4% 20 27.8% 

1/week 47 36.4% 36 50.0% 

2+/week 57 44.2% 16 22.2% 

Tomatoes :::2/week 28 21.7% 22 30.6% 

3-5/week 41 31.8% 21 29.2% 

6+/week 60 46.5% 29 40.3% 

Cruciferus < 1/week 26 20.2% 23 31.9% 
vegetables 

1-2/week 48 37.2% 35 48.6% 

3+/week 55 42.6% 14 19.4% 

Carrots < 1/week 12 9.3% 19 26.4% 

1-2/week 46 35.7% 30 41.7% 

3+/week 71 55.0% 23 31.9% 

< 1/day 22 17.1% 30 41.7% 
Fresh vegetables 

1/day 66 51.2% 17 23.6% 

2+/day 41 31.8% 25 34.7% 

Fresh fruit < 1/day 41 31.8% 27 37.5% 

1/day 57 44.2% 21 29.2% 

2+/day 31 24.0% 24 29.2% 

Total 129 100.0% 72 100.0% 
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Table 19. History of cancer among first degree relatives of cases and controls 

Site of cancer Controls Cases 
Relative 

of relative NI Total1 Perc. NI Total1 Perc. 

Father Any site 351 118 29.7% 181 71 25.4% 

Head and neck 41 118 3.4% 21 71 2.8% 

Lung 31 118 2.5% 41 71 5.6% 

Unkown 11 2 

Mother Any site 371 127 29.1% 121 67 17.9% 

Head and neck 01 127 0.0% 01 67 0.0% 

Lung 41 127 3.1% 21 67 3.0% 

Cervix 1 1 127 0.8% 1 1 67 1.5% 

Uterus2 31 127 2.4% 21 67 3.0% 

Unkown 2 4 

Sibling Any site 341 403 8.4% 161 317 5.0% 

Head and neck 21 403 0.5% 1 1 317 0.3% 

Lung 71 403 1.7% 41 317 1.3% 

Cervix DI 188 0.0% 01 154 0.0% 

Uterus 51 188 2.7% 1 1 154 0.6% 

First degree Any site 1061 648 16.4% 461 455 10.1% 

relative Head and neck 61 648 0.9% 31 455 0.7% 

Lung 141 648 2.2% 101 455 2.2% 

Uterus1 81 315 2.5% 31 221 1.4% 

1. Number of relatives for ail subjects. 
2. Includes cancer of the cervix and the uterine body, wh en patients did not know specifie site. 



could not specify whether the primary site of the malignancy was the cervix or the 

uterine body. 
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The distribution of subjects depending on oral health variables is shown in table 20. The 

main disparity between cases and contrais was seen in the use of denture. Only one 

third of cases (33.3%) did not wear a denture, compared with 60.5% of controls. The 

proportion of individuals wearing a complete denture (either upper, lower, or both) was 

more than half for cases (52.8%), and one fifth for controls (20.2%). Regarding the 

frequency of tooth brushing, gum bleeding after brushing, and use of mouthwash 

solutions, the distribution of subjects did not differ appreciably between cases and 

controls. 

Table 21 shows the distribution of male subjects according to markers of sexual activity. 

The categories of the traditional markers -number of female sexual partners and age at 

first intercourse- did not differ considerably between cases and controls. Approximately 

one fifth of both male controls (22.8%) and male cases(18.4%) reported having had at 

most one lifetime sexual partner, whereas the proportion reporting more than 20 female 

sexual partners was 20.7% for controls and 24.5% for cases. Male cases had a slightly 

higher age at first intercourse, with 29.2% of controls and 34.7% of cases reporting age 

at first intercourse of older than 20. Markers of oral sex (cunnilingus), su ch as frequency 

and age at first time of oral sex, as weil as past or present history of homosexuality, did 

not differ substantially between cases and contrais. The main difference was seen in 

number of prostitute female partners and in personal antecedents of sexual transmitted 

diseases (STDs) other than HIV/AIDS -syphilis, gonorrhea, or genital warts-. The 

proportion of male cases and male contrais who reported having had intercourse with 

more than five female prostitutes was 17.6%, and 9.8%, respectively. The rate of male 
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Table 20. Distribution of study subjects according to oral health characteristics 

Variable Categories 
Controls Cases 

N % N % 

Denture No Denture 78 60.5% 24 33.3% 

Incomplete 25 19.4% 10 13.9% 

Complete 26 20.2% 38 52.8% 

Frequency of <1/day 11 8.5% 11 15.7% 
tooth brushing 

1/day 47 36.4% 21 30.0% 

2/day 46 35.7% 27 38.6% 

3+/day 25 19.4% 11 15.7% 

Gum bleeding Never 76 59.8% 40 61.5% 
when brushing 

Sometimes 51 40.2% 25 38.5% 

Use of Never 67 52.3% 40 57.1% 
mouthwash 

1-4/week 27 21.1% 9 12.9% 

1+/day 34 26.6% 21 30.0% 

Total 129 100.0% 72 100.0% 
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Table 21. Distribution of male study subejcts according to markers of sexual activity 

Variable Categories 
Controls Cases 

N % N % 

Number of sexual 0-1 21 22.8% 9 18.4% 
partners 

2-5 26 28.3% 16 32.7% 

6-20 26 28.3% 12 24.5% 

21+ 19 20.7% 12 24.5% 

Age at first intercourse <18 36 40.4% 19 38.8% 

18-20 27 30.3% 13 26.5% 

21+ 26 29.2% 17 34.7% 

Age first time Never 33 37.1% 16 34.0% 
oral sex (cunnilingus) 

<=18 18 20.2% 12 25.5% 

19-24 21 23.6% 8 17.0% 

25+ 17 19.1% 11 23.4% 

Frequency of Never 33 37.1% 16 33.3% 

oral sex (cunnilingus) Seldom 36 40.4% 19 39.6% 

Often 20 22.5% 13 27.1% 

Number of female Never 70 76.1% 34 66.7% 

prostitute partners 1-5 13 14.1% 8 15.7% 

6+ 9 9.8% 9 17.6% 

Homosexuality No 87 94.6% 46 93.9% 

Yes 5 5.4% 3 6.1% 

STDs No 81 88.0% 38 76.0% 

Yes 8 8.7% 9 18.0% 

Unknown 3 3.3% 3 6.0% 

Partners w/STDs No 76 83.5% 37 78.7% 

Yes 15 16.5% 10 21.3% 

Total 92 100.0% 51 100.0% 



cases who reported STOs was 18.0%, compared with 8.7% of controls. Finally, the 

proportion of male cases who reported having had sex with women with known STOs 

was slightly higher than the proportion among male controls: 21.6%, and 16.5%, 

respectively. 
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The distribution of female subjects according to markers of sexual activity is shown in 

table 22. The distribution by number of male sexual partners, age at first intercourse, 

age at first time and frequency of oral sex (fellatio), as weil as personal history of STOs 

was not considerably different between cases and controls. The main difference was 

seen in age at first sexual intercourse, where on average cases were older than controls: 

the rate of individuals with age at first intercourse older than 20 was 31.4% for controls, 

and 57.1 % for cases. 

5.3 0005 RATIOS (ORs) OF ORAL CANCER ACCOROING TO STUOY VARIABLES 

5.3.1 Tobacco smoking and Alcohol drinking 

As expected, the risk of oral cancer was increased due to tobacco smoking. Table 23 

shows the OR of disease due to lifetime cumulative smoking, measured in pack-years. 

There was a trend in increased risk with increasing pack-years. Heavy smokers (> 48 

pack-years) were almost five times more likely ta develap oral cancer than never 

smokers: adjusted OR = 4.71, 95%CI:1.7-12.8. 

Table 24 shows the analysis for tobacco smoking discriminating between former and 

current smokers. The increased risk of oral cancer for former smokers was relatively 

small, whereas the increased risk for current smokers at the moment of diagnosis was 

substantially high. The crude OR point estimates for heavy current smokers, compared 
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Table 22. Distribution of female study subejcts according to markers of sexual activity 

Variable Categories 
Controls Cases 

N % N % 

Number of sexual 0-1 22 59.5% 11 52.4% 

partners 2-5 11 29.7% 8 38.1% 

6-20 4 10.8% 2 9.5% 

Age at first <18 8 22.9% 3 14.3% 

intercourse 18-20 16 45.7% 6 28.6% 

21+ 11 31.4% 12 57.1% 

Age tirst time Never 15 42.9% 10 47.6% 
oral sex (fellatio) 

<=24 13 37.1% 6 28.6% 

25+ 7 20.0% 5 23.8% 

Frequency of Never 15 42.9% 10 47.6% 

oral sex (fellatio) Seldom 16 45.7% 10 47.6% 

Often 4 11.4% 1 4.8% 

STDs No 36 97.3% 20 95.2% 

Yes 2.7% 1 4.8% 

Total 37 100.0% 21 100.0% 
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Table 23. Odds Ratios (ORs) of oral cancer associated with cumulative tobacco smoking 

Smoking Casesl Crude Adjusted' 
(in pack-years) controls OR 95%CI OR 95%CI 

Never smokers 11 1 41 1.00 1.00 
<=19 121 40 1.12 0.4 - 2.8 0.87 0.3 - 2.5 
20-48 211 27 2.90 1.2-7.0 2.68 1.0 - 7.0 
49+ 281 21 4.97 2.1 - 11.9 4.71 1.7 - 12.8 

1. Adjusted for age, sex, schooling, race, religion, and language. 

Table 24. Odds Ratios (ORs) of oral cancer associated with 
cumulative tobacco smoking and current smoking status 

Smoking Casesl Crude Adjusted' 
(in pack-years) controls OR 95%CI OR 

Never smokers 11 1 41 1.00 1.00 

Former smokers 
<=19 91 31 1.08 0.4 - 2.9 0.92 
20-48 71 22 1.19 0.4 - 3.5 1.00 
49+ 71 16 1.63 0.5 - 4.9 1.58 

Current smokers 
<=19 31 9 1.24 0.3 - 5.4 0.93 
20-48 141 5 10.44 3.1 - 35.3 9.15 
49+ 21 1 5 15.65 4.8 - 51.0 11.55 

1. Adjusted for age, sex, schooling, race, religion, and language. 

Table 25. Odds Ratios (ORs) of oral cancer associated with 
tobacco smoking and time since quitting 

95%CI 

0.3 - 2.8 
0.3 - 3.3 
0.5 - 5.5 

0.2 - 5.0 
2.5 - 33.1 
3.2-41.8 

Smoking Cases/ Crude Adjusted' 
(time since quitting) contrais OR 95%CI OR 95%CI 

Never smokers 11 1 41 1.00 1.00 
Stopped (> 10 yrs. aga) 181 53 1.27 0.5 - 3.0 1.16 0.4 - 3.0 
Stopped « 1 0 yrs. aga) 51 16 1.17 0.3 - 3.9 0.93 0.3 - 3.4 
Current smokers 381 19 7.45 3.1 - 17.7 6.43 2.5 - 16.8 

1. Adjusted for age, sex, schooling, race, religion, and language. 
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to never smokers, was 15.65. Adjustment for socio-demographic variables reduced the 

OR of disease to 11.55 (95%CI:3.2-41.8). 

Patients who quit smoking had this risk reduced substantially. Table 25 shows the ORs 

of disease according to time since quitting. Patients who stopped more than 10 years 

ago had a risk almost similar to never smokers, as weil as those who stopped less than 

10 years before recruitment. It should be noted that the estimate is not very precise due 

to the low number of patients, and most patients in this category quitted the habit more 

th an 5 years before enrollment. 

Alcohol drinking also showed to be an important determinant of the disease. Table 26 

shows the OR of oral cancer due to lifetime cumulative alcohol drinking, measured in 

kilograms. The crude OR for heavy drinkers (> 400 kgs. of alcohol) was 4.92 (95%CI: 

1.3-10.5). Adjustment for socio-demographic variables and tobacco smoking reduced 

the OR to 3.01 (95%CI: 0.8-11.8). Table 27 shows the increased risk of oral cancer due 

to intensity and frequency of alcohol drinking. As expected, increasing the frequency and 

intensity of alcohol consumption increased the risk of disease. However, the trend was 

not very clear, probably due to the lack of precision in the OR estimates. 

Table 28 shows the analysis by alcohol type. Mainly beer drinkers (patients with more 

than 50% of their total alcohol consumption corresponding to beer) had a greater risk of 

disease than mainly wine drinkers, or mainly hard liquor drinkers. Heavy drinkers of beer 

(more than 400 kgs.) showed an adjusted OR of oral cancer of 11.14 (95%CI: 2.0-61.6), 

whereas heavy drinkers of wine showed an adjusted OR of 7.00 (95%CI: 0.5-97.4). 

Mainly drinkers of hard liquors showed lower increased risk of disease. 
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Table 26. Odds Ratios (ORs) of oral cancer associated with cumulative alcohol drinking 

Alcohol drinking Cases/ Crude Adjusted' Adjusted2 

(in kgs) controls OR 95%CI OR 95%CI OR 

Non drinkers 7/ 15 1.00 1.00 1.00 
1-80 10/ 47 0.46 0.1 - 1.4 0.45 0.1 - 1.5 0.40 
81-400 17/ 45 0.81 0.3 - 2.3 1.24 0.4-4.1 1.15 
401+ 38/ 22 3.70 1.3-10.5 4.92 1.4-17.4 3.01 

1. Adjusted for age, sex, schooling, race, religion, and language. 
2. Adjusted for age, sex, schooling, race, religion, language, and tobacco smoking. 

Table 27. Odds Ratios (OR) of oral cancer associated with intensity 
and frequency of alcohol drinking 

Frequency of drinks 

95%CI 

0.1 - 1.4 
0.3 - 4.0 
0.8-11.8 

Ouration Cases/ s 1/week 2-6/week 1+/day 
(in years) controls OR 95%CI OR 95%CI OR 95%CI 

Non drinkers 7/ 15 1.00 1.00 1.00 
< 30 16/ 40 0.54 0.1 - 3.0 0.00 ND - ND 1.54 0.3 - 8.2 
31-44 24/ 39 0.54 0.1 - 2.6 0.71 0.2 - 3.3 2.52 0.5 - 13.3 
45+ 25/ 35 1.70 0.3 - 8.5 5.35 1.1 - 26.5 2.86 0.6 - 12.9 

1. Adjusted for age, sex, schooling, race, religion, language, and tobacco smoking. 
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Table 28. Odds Ratios (ORs) of oral cancer associated with type of alcoholic beverage 

Alcohol drinking Cases/ Crude Adjusted' 
(in kgs) controls OR 95%CI OR 95%CI 

Non drinkers 7/ 15 1.00 1.00 

Mainly2 Wine drinkers 
1-80 4/ 19 0.45 0.1 - 1.8 0.46 0.1 - 2.2 
81-400 4/ 17 0.50 0.1 - 2.1 0.78 0.2 - 4.0 
401+ 3/ 1 6.43 0.6 - 73.4 7.00 0.5 - 97.4 

Mainil Beer drinkers 
1-80 3/ 13 0.50 0.1 - 2.3 0.28 0.0 - 1.6 
81-400 7/ 15 1.00 0.3 - 3.6 1.35 0.3 - 6.6 
401+ 25/ 5 10.71 2.9 - 39.9 11.14 2.0 - 61.6 

Mainil Hard liquor drinkers 
1-80 2/ 10 0.43 0.1 - 2.5 0.26 0.0 - 1.9 
81-400 2/ 8 0.54 0.1 - 3.2 0.66 0.1 - 5.3 
401+ 10/ 12 1.79 0.5 - 6.1 1.42 0.3 - 7.3 

1. Adjusted for age, sex, schooling, race, religion, language, and tobacco smoking. 
2. Mainly drinker of a specifie alcohol type refers to patients where more than 50% of their total 
alcohol consumption corresponds to that specifie aeohol type. 



It was impractical to assess the potential effect modification between tobacco smoking 

and alcohol drinking. Due to the lack of moderate and heavy drinkers among never 

smokers, and lack of smokers among non drinkers, it was impossible run any logistic 

models including the original variables plus the interaction terms. Table 29 shows the 

results for the fitted model. The OR for those subjects who were heavy smokers and 

heavy drinkers was 8.04 (95%CI: 2.3-28.2), compared to individuals non smokers and 

non drinkers. 

5.3.2 Other risk factors 
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The analysis of dietary items as potential risk factors is shown in table 30. Frequent 

consumption of ham, salami, and sausages was shown to be positively associated with 

the disease. People who consumed these items at least twice a week had an increased 

risk of oral cancer compared to subjects who consumed them less than weekly: adjusted 

OR=2.36, 95%CI:1.0-5.6. Frequent consumption of fish, cruciferus vegetables, carrots, 

and fresh vegetables in general, showed a decreased risk of disease. The highest 

reduction was seen for consumption of carrots: the OR of oral cancer for subjects who 

consumed this vegetable three times or more per week was 0.29 (95%CI:0.1-0.8), 

compared to individuals who consumed it less than once a week. 

Table 31 shows the association of oral cancer with family history of cancer. Due to the 

low number of cancer cases among relatives the estimates for familial history of head 

and neck cancer and cervical cancer were extremely imprecise, and no conclusion can 

be drawn from them. However, it seems that family history of cancer at any site was not 

associated with development of oral cancer. 



Table 29. Odds Ratios (ORs) of oral cancer associated with cumulative tobacco smoking and alcohol drinking 

Cumulative Alcohol drinking (in kgs) 

Cumulative Smoking Cases/ Non drinkers 1-80 81-400 401+ 
(in pack-years) contrais OR 95%CI OR 95%CI OR 95%CI OR 95%CI 

Never smokers 11 / 41 1.01 0.40 0.1 - 1.4 1.15 0.3 - 4.0 3.01 0.8 - 11.8 
<=19 12/ 40 0.72 0.2 - 2.2 0.29 0.1 - 1.3 0.83 0.2 - 3.3 2.17 0.5 - 9.7 
20-48 21 / 27 1.77 0.6 - 5.1 0.71 0.2 - 3.0 2.03 0.5 - 7.6 5.32 1.5 - 18.9 
49+ 28/ 21 2.67 0.9 - 8.3 1.08 0.2 - 4.8 3.07 0.7 - 13.2 8.04 2.3 - 28.2 

1. Referent 

CD 
CD 
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Table 30. Odds Ratios (ORs) of oral cancer according to dietary items 

Variable Cases/ Crude Adjusted 1 Adjusted2 

Categories contrais OR 95%CI OR 95%CI OR 95%CI 

Read meat 
:s; 2/week 18/ 43 1.00 1.00 1.00 
3-5/week 30/ 50 1.43 0.7 - 2.9 1.54 0.7 - 3.4 1.23 0.5 - 2.9 
6+/week 24/ 36 1.59 0.7 - 3.4 1.75 0.8 - 4.0 1.70 0.7 - 4.4 

Tomatoes 
:s; 2/week 22/ 28 1.00 1.00 1.00 
3-5/week 21 / 41 0.65 0.3 - 1.4 0.79 0.3 - 1.8 1.00 0.4 - 2.6 
6+/week 29/ 60 0.62 0.3 - 1.3 0.66 0.3 - 1.4 0.74 0.3 - 1.8 

Fish 
< 1/week 20/ 25 1.00 1.00 1.00 
1/week 36/ 47 0.96 0.5 - 2.0 1.03 0.5 - 2.3 1.54 0.6 - 3.8 
2+/week 16/ 57 0.35 0.2 - 0.8 0.42 0.2 - 1.0 0.51 0.2 - 1.4 

Ham, salami, and sausages 
< 1/week 23/ 68 1.00 1.00 1.00 
1/week 21 / 29 2.14 1.0 - 4.5 2.11 0.9 - 5.0 1.34 0.5 - 3.5 
2+/week 28/ 32 2.59 1.3-5.2 2.82 1.3 - 6.2 2.36 1.0 - 5.6 

Cruciferae 
< 1/week 23/ 26 1.00 1.00 1.00 
1-2/week 35/ 48 0.82 0.4 - 1.7 0.93 0.4 - 2.0 1.45 0.6 - 3.6 
3+/week 14/ 55 0.29 0.1 - 0.6 0.28 0.1 - 0.7 0.48 0.2 - 1.3 

Carrots 
< 1/week 19/ 12 1.00 1.00 1.00 
1-2/week 30/ 46 0.41 0.2 - 1.0 0.50 0.2 - 1.3 0.67 0.2 - 1.9 
3+/week 23/ 71 0.21 0.1 - 0.5 0.22 0.1 - 0.6 0.29 0.1 - 0.8 

Vegetables 
< 1/day 30/ 22 1.00 1.00 1.00 
1/day 17/ 66 0.19 0.1 - 0.4 0.22 0.1 - 0.5 0.25 0.1 - 0.6 
2+/day 25/ 41 0.45 0.2 - 0.9 0.55 0.2 - 1.2 0.59 0.2 - 1.4 

Fresh fruit 
< 1/day 27./ 41 1.00 1.00 1.00 
1/day 21 / 57 0.56 0.3 - 1.1 0.53 0.2 - 1.2 0.68 0.3 - 1.6 
2+/day 24/ 31 1.18 0.6 - 2.4 1.09 0.5 - 2.5 1.57 0.6 - 3.9 

1. Adjusted for age, sex, schooling, race, religion, and language. 
2. Adjusted for age, sex, schooling, race, religion, language, tobacco, and alcohol drinking. 
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Table 31. Odds Ratios (ORs) of oral cancer according to family history of cancer 

Relative Cases/ Crude Adjusted 1 Adjusted2 

Cancer site controls OR 95%CI OR 95%CI OR 95%CI 

Father 
Head&Neck 2/ 4 0.89 0.2 - 5.0 0.80 0.1 - 5.3 1.03 0.1-8.7 
Lung 4/ 3 2.47 0.5 - 11.4 3.39 0.6 - 18.8 2.27 0.4 - 14.6 
Ali sites 18/ 35 0.90 0.5 - 1.7 0.98 0.5 - 2.0 1.01 0.5 - 2.2 

Mother 
Lung 2/ 4 0.89 0.2 - 5.0 1.53 0.2 - 10.0 1.97 0.3 - 14.2 
Cervix 1 / 1 1.80 0.1 - 29.3 1.25 0.1 - 23.4 0.57 0.0 - 11.6 
Uterus3 3/ 2 1.20 0.2 - 7.4 2.12 0.3 - 16.2 2.00 0.2 - 20.9 
Ali sites 12/ 37 0.50 0.2 - 1.0 0.44 0.2 - 1.0 0.47 0.2-1.2 

Sibling 
Head&Neck 1 / 2 0.89 0.1-10.0 1.58 0.1 - 38.6 2.47 0.1 - 46.5 
Lung 4/ 7 1.03 0.3 - 3.6 0.68 0.2 - 2.7 0.62 0.1 - 2.8 
Uterus 1 / 5 0.35 0.0 - 3.0 0.35 0.0 - 3.3 0.44 0.0 - 4.7 
Ali sites 16/ 34 0.80 0.4 - 1.6 0.66 0.3 - 1.4 0.63 0.3 - 1.5 

First degree 
relative 

Head&Neck 3/ 6 0.89 0.2 - 3.7 0.95 0.2 - 4.8 1.38 0.2 - 7.6 
Lung 8/ 13 1.12 0.4 - 2.8 1.11 0.4 - 3.1 0.89 0.3 - 2.8 
Uterus 3/ 8 0.66 0.2 - 2.6 0.82 0.2 - 3.6 0.88 0.2 - 4.6 
Ali sites 34/ 77 0.60 0.3 - 1.1 0.58 0.3 - 1.1 0.62 0.3-1.2 

1. Adjusted for age, sex, sChooling, race, religion, and language. 
2. Adjusted for age, sex, schooling, race, religion, language, tobacco, and alcohol drinking. 
3. Includes cancer of the cervix and the uterine body, when patients did not know specifie site. 
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Table 32 presents the association between oral health characteristics and risk of oral 

cancer. No association was found between frequency of tooth brushing, use of 

mouthwash, and gum bleeding after brushing. There was a strong association between 

use of a complete denture and oral cancer in the crude analysis, and after adjustment for 

socio-demographic variables. This association decreased susbstantially after further 

adjustment for tobacco smoking and alcohol drinking (OR=2.05, 95%CI:O.8-5.4). 

The association between markers of sexual activity and oral cancer among male 

subjects is shown in table 33. No clear significant associations were found, probably due 

to the low numbers. However, there were sorne estimates that may indicate a possible 

relation between certain markers of sexual activity and the disease among males, such 

as the analysis for past history of sexual intercourse with female prostitutes, antecedents 

of STOs, and having had sex with partners with STO. Markers of oral sex (cunnilingus), 

such as frequency and age at first oral sexual experience, were not associated with the 

disease. 

Ali estimates for markers of sexual activity among female subjects (table 34) were very 

imprecise due to the low number of women recruited in the study. 
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Table 32. Odds Ratios (ORs) of oral cancer according ta oral health characteristics 

Variable 
Categories 

Denture 
No Denture 
Incomplete 
Complete 

Tooth brushing 
<1/day 
1/day 
2/day 
3+/day 

Gum bleeding 
Never 
Sometimes 

Mouthwash 
Never 
1-4/week 
1+/day 

Cases/ 
contrais 

24/ 78 
10/ 25 
38/ 26 

11 / 11 
21 / 47 
27/ 46 
11 / 25 

40/ 76 
25/ 51 

40/ 67 
9/ 27 

21 / 34 

Crude Adjusted1 

OR 95%CI OR 95%CI 

1.30 0.5 - 3.1 1.31 0.5 - 3.5 
4.75 2.4 - 9.3 4.26 1.9-9.6 

0.45 0.2 -1.2 0.45 0.1 - 1.4 
0.59 0.2 -1.5 0.74 0.2 - 2.3 
0.44 0.1 -1.3 0.49 0.1-1.7 

0.93 0.5-1.7 0.90 0.5 - 1.8 

0.56 0.2 - 1.3 0.38 0.1 - 1.0 
1.04 0.5 - 2.0 0.78 0.4 - 1.7 

1. Adjusted for age, sex, schooling, race, religion, and language. 

Adjusted2 

OR 95%CI 

0.76 0.2 - 2.3 
2.05 0.8 - 5.4 

0.61 0.2 - 2.1 
1.28 0.4 - 4.6 
0.57 0.1 - 2.4 

1.02 0.5 - 2.1 

0.27 0.1 - 0.8 
0.64 0.3 - 1.5 

2. Adjusted for age, sex, schooling, race, religion, language, tobacco, and alcohol drinking. 
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Table 33. Odds Ratios (ORs) of oral cancer among males according to sexual activity 

Variable Casesl Crude Adjusted1 Adjusted2 

Categories controls OR 95%CI OR 95%CI OR 95%CI 

Number of sexual partners 
0-1 91 21 
2-5 161 26 1.44 0.5 - 3.9 2.31 0.7 - 7.4 1.53 0.4 - 5.7 
6-20 121 26 1.08 0.4 - 3.0 1.61 0.5 - 5.3 1.10 0.3 - 4.4 
21+ 121 19 1.47 0.5 - 4.3 2.59 0.7 - 9.1 1.35 0.3 - 5.8 

Age at first intercourse 
<18 191 36 
18-20 131 27 0.91 0.4 - 2.2 0.99 0.4 - 2.7 1.10 0.3 - 3.9 
21+ 171 26 1.24 0.5 - 2.8 1.05 0.4 - 2.9 1.70 0.5 - 6.0 

Frequency of oral sex (cunnilingus) 
No oral 161 33 
Seldom 191 36 1.09 0.5 - 2.5 1.41 0.5 - 4.0 1.77 0.5 - 6.3 
Often 131 20 1.34 0.5 - 3.4 1.55 0.5 - 4.9 1.11 0.3 - 4.6 

Age tirst time oral sex (cunnilingus) 
No oral 161 33 
<=18 121 18 1.38 0.5 - 3.5 1.60 0.5 - 5.7 0.99 0.2 - 4.6 
19-24 81 21 0.79 0.3 - 2.2 1.08 0.3 - 3.8 1.43 0.3 - 7.2 
25+ 11 1 17 1.34 0.5 - 3.5 1.59 0.5 - 5.1 1.81 0.4 - 7.4 

Female prostitute partners 
No prost 341 70 
1-5 81 13 1.27 0.5 - 3.3 1.61 0.5 - 5.1 1.72 0.4 - 6.6 
6+ 91 9 2.06 0.7 - 5.7 2.55 0.8 - 8.2 1.80 0.5 - 6.7 

Homosexuality 
No 461 87 
Yes 31 5 1.14 0.3 - 5.0 1.22 0.2 - 7.2 0.98 0.1-7.2 

STDs 
No 381 81 
Yes 91 8 2.40 0.9 - 6.7 2.33 0.7 - 7.4 3.55 0.8 - 15.9 

Partners w/STDs 
No 371 76 
Yes 101 15 1.37 0.6 - 3.3 1.52 0.5 - 4.5 1.87 0.5 - 7.4 

1. Adjusted for age, schooling, race, religion, and language. 
2. Adjusted for age, schooling, race, religion, language, tobacco, and alcohol drinking. 
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Table 34. Odds Ratios (ORs) of oral cancer among females according to sexual activity 

Variable Cases/ Crude Adjusted 1 Adjusted2 

Categories controls OR 95%CI OR 95%CI OR 95%CI 

Number of sexual partners 
0-1 11 / 22 
2-5 81 11 1.45 0.5 - 4.7 2.25 0.5 - 9.7 3.50 0.5 - 25.1 
6-20 21 4 1.00 0.2 - 6.3 1.62 0.2 - 16.4 1.11 0.1 - 22.4 

Age at first intercourse 
<18 31 8 
18-20 6/ 16 1.00 0.2 - 5.1 1.37 0.1 - 13.5 0.70 0.1 - 9.8 
21+ 12/ 11 2.91 0.6 - 13.8 4.42 0.5 - 39.2 3.71 0.3-41.7 

Frequency of oral sex (fellatio) 
Never 10/ 15 
Seldom 101 16 0.94 0.3 - 2.9 1.06 0.2 - 5.0 1.05 0.2 - 6.9 
Often 1 / 4 0.38 0.0 - 3.9 0.38 0.0 - 4.8 0.21 0.0 - 6.0 

Age first time oral sex (fellatio) 
Never 10/ 15 
<=24 6/ 13 0.69 0.2 - 2.4 0.69 0.1 - 3.6 0.62 0.1 - 4.0 
25+ 5/ 7 1.07 0.3 - 4.3 1.25 0.2 - 7.7 2.48 0.2 - 32.0 

STDs 
No 20/ 36 
Yes 1 / 1.80 0.1 - 30.4 2.16 0.1 - 53.3 1.17 0.0 - 152.5 

1. Adjusted for age, schooling, race, religion, and language. 
2. Adjusted for age, schooling, race, religion, language, tobacco, and alcohol drinking. 
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5.4 HUMAN PAPILLOMAVIRUS (HPV) AND ORAL CANCER 

Of the 201 oral cell samples, a total of 20 (10.0%) were HPV positive for DNA. The 

distribution of cases and controls according to HPV positivity is shown in table 35. HPV 

DNA was detected in oral exfoliated cells of six out of 129 controls (4.7%) and 14 out of 

72 cases (19.4%). The distribution of HPV DNA positivity among controls according to 

socio demographic characteristics (sex, language, religion, income, and schooling) did 

not differ in an appreciable way, except for age, where young controls (Iess th an 60 

years of age) were more likely to be HPV positive (8.5%) than older controls (1.5%). 

The distribution of subjects according to HPV oncogenicity showed that most viral 

infections among cases harboured high risk HPV types. In case of multiple infections, 

samples with the presence of at least one high risk HPV type were classified as high 

risk. Among cases, 13 out of 14 samples harboured high risk types, compared to four of 

the six HPV positive controls. HPV 16 was not detected in samples from controls, 

whereas 13 of the 14 positive samples from cases harboured HPV 16. 

The HPV types detected in oral cells are summarized in table 36. Five of the six HPV 

positive samples among controls, and nine of the 14 among cases, were single 

infections. HPV 16 was the most common type found, and among cases it was detected 

in most single infection samples and in ail multiple infection samples. Infections with 

multiple HPV types were seen in samples from one control, and in samples from 5 

cases. 
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Table 35. Distribution of cases and controls according to HPV DNA detection 

Definition of 
Categories 

Controls Cases 
positivity N % N % 

Overall Negative 123 95.3% 58 80.6% 

Positive 6 4.7% 14 19.4% 

Oncogenic risk Negative 123 95.3% 58 80.6% 
grouping 

Low risk 2 1.6% 1 1.4% 

High risk 4 3.1% 13 18.1% 

Oncogenic risk grouping Negative 123 95.3% 58 80.6% 
with HPV 16 

Low risk 2 1.6% 1.4% 

High risk 4 3.1% 0 0.0% 

HPV16 0 0.0% 13 18.1% 

Single vs. multiple Negative 123 95.3% 58 80.6% 
infections 

Single type 5 3.9% 9 12.5% 

Two types 1 0.8% 2 2.8% 

Three types 0 0.0% 2 2.8% 

Four types 0 0.0% 1 1.4% 

129 100.0% 72 100.0% 
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Table 36. Distribution of HPV positive samples according to risk group 

and single versus multiple infections 

HPV types 
Controls Cases Total 
N % N % N % 

Law Risk types 

11 1 0.8% 1 0.5% 

66 0.8% 1 0.5% 

84 1.4% 1 0.5% 

High Risk types 

16 8 11.1% 8 4.0% 

55 1 0.8% 0.5% 

58 2 1.6% 2 1.0% 

Subtotal for single 
5 3.9% 9 12.5% 14 7.0% infections 

16,31 1 1.4% 1 0.5% 

16,35 1 1.4% 1 0.5% 

56,58 0.8% 1 0.5% 

16,39,53 1.4% 1 0.5% 

16,51,55 1 1.4% 1 0.5% 

6,16,39,53 1 1.4% 0.5% 

Subtotal for multiple 
1 0.8% 5 6.9% 6 3.0% 

infections 

Total 6 4.7% 14 19.4% 20 10.0% 
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5.4.1 Detection of HPV DNA aeeording to elinieal and pathologieal 

eharaeteristies of the disease 

Table 37 shows the distribution of HPV DNA positivity according to topographie site of 

the tumour. The sites with the highest positivity rate were tonsil (50.0%) and base of 

tongue (33.3%). Other sites of the oral cavity had a considerably lower rate. For 

example, only one of 21 tumours (4.8%) of other parts of the tongue and two of 12 

tumours of the floor of the mouth (16.7%) turned out to be HPV positive. Grouping 

together tonsils and base of the tongue, the rate of HPV infection was 42.9% (12 out of 

21). 1 grouped together these two sites because both are part of the Waldeyer's ring, a 

region rich in Iymphatic tissue especially organized as a first line of defense against 

microbial antigens from the external environ ment. 

Table 38 summarizes detection of HPV DNA according to histopathological 

characteristics of the tumour. The detection rate was slightly higher in larger tumours 

(T3,T4) than less advanced tumors (CIS, T1, T2). Oral cell samples from tumours with 

Iymph node involvement were more likely to be HPV positive (33.3%) than tumours 

without regional spread (9.5%). In consequence, the HPV positivity rate was higher 

among advanced disease samples (TNM stage III, IV) than in those from cases with less 

advanced disease (CIC, stage 1, Il): 28.9%, and 8.8%, respectively. The rate of HPV 

detection was higher for poorly differentiated tumours (38.5%), compared with 

moderately (15.6%), and weil differentiated tumours (11.8%). These differences in 

detection of HPV DNA are mainly explained by the fact that most tonsillar cancer cases 

were characterized by advanced disease: large tumours, with Iymph node involvement, 

stage III-IV, and poorly differentiated. 
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Table 37. HPV DNA positivity by topographie site among cases of oral cancer 

Site of primary tumour 
HPV negative H PV positive Total 

N % N % N % 

Lip 1 100.0% 0 0.0% 1 100.0% 

Base of tongue 6 66.7% 3 33.3% 9 100.0% 

Other and unspecified parts of 
20 95.2% 1 4.8% 21 100.0% tongue 

Gum 2 100.0% 0 0.0% 2 100.0% 

Floor of mouth 10 83.3% 2 16.7% 12 100.0% 

Palate 3 75.0% 25.0% 4 100.0% 

Other and unspecified parts of 
8 88.9% 11.1% 9 100.0% 

mouth 

Tonsil 6 50.0% 6 50.0% 12 100.0% 

Oropharynx 2 100.0% 0 0.0% 2 100.0% 

Total 58 80.6% 14 19.4% 72 100.0% 

Tonsil & Base of tongue 12 57.1% 9 42.9% 21 100.0% 

Other sites 46 90.2% 5 9.8% 51 100.0% 

Total 58 80.6% 14 19.4% 72 100.0% 
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Table 38. HPV DNA positivity according to clinical and histopathological characteristics 

Variable Categories 

Tumour classification 

CIS1-T1-T2 

T3-T4 

Lymph node involvement 

No 

Yes 

TNM Clinical Stage 

CIS,I-II 

III-IV 

Differentiation 

Total 

Weil 

Moderate 

Poor 

Unknown 

1. CIS: carcinoma in situ 

of oral cancers 

HPV negative 
N % 

37 

21 

38 

20 

31 

27 

15 

27 

8 

8 

58 

82.2% 

77.8% 

90.5% 

66.7% 

91.2% 

71.1% 

88.2% 

84.4% 

61.5% 

80.0% 

80.6% 

HPV positive 
N % 

8 

6 

17.8% 

22.2% 

4 9.5% 

10 33.3% 

3 8.8% 

11 28.9% 

2 11.8% 

5 15.6% 

5 38.5% 

2 20.0% 

14 19.4% 
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5.4.2 Odds Ratios (ORs) of oral cancer according ta detection of HPV DNA 

The analysis of detection of HPV DNA as a risk factor for the disease was done using 

two classifications: i) dichotomous (positive versus negative), and ii) by oncogenicity 

(high risk types, low risk types, and negative). Table 39 shows the ORs of disease from 

the crude and adjusted analyses. The crude estimate for overal HPV DNA postivity was 

4.95 (95%CI:1.8-13.5). Adjustment for socio-demographic variables reduced the OR to 

3.04 (95%CI: 1.0-9.3). Further adjustment for tobacco smoking and alcohol drinking did 

not modify the estimate but imposed a 1055 of precision (OR=3.14; 95%CI:0.9-10.9). 

The analysis of detection of HPV DNA according to oncogenic types showed that the 

ORs of oral cancer for high risk types were substantially higher than for low risk types. 

The estimates for low risk types were very close to unit y, whereas the crude OR for high 

risk types was 6.89 (95%CI:2.2-22.1). After adjustment for socio-demographic variables 

plus tobacco smoking and alcohol drinking the magnitude of association between high 

risk types and oral cancer persisted at the sa me level: OR=4.81; 95%CI:1.2-19.4. 

ln addition to the analysis of ail oral cancers, asubsite analysis was done to assess the 

association between detection of HPV DNA with cancers of the tonsil and base of the 

tongue as a combined set (table 40). Ali controls and only cases of these cancers were 

included in the analysis. The crude OR of disease for high risk types was 23.06 

(95%CI:6.2-86.2). Full adjustment for socio-demographic variables plus tobacco and 

alcohol slightly decreased the estimate (OR=19.32; 95%CI:2.3-159.5), but the 

association persisted of high magnitude. 
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Table 39. Odds Ratios (ORs) of oral cancer associated with detection of HPV DNA 

HPV DNA 

Negative 
Positive 

Negative 
Low risk 
High risk 

Cases/ 
controls 

58/123 
14/6 

58/123 
1 /2 

13/4 

Crude 
OR 95%CI 

1.00 
4.95 1.8 - 13.5 

1.00 
1.06 0.1 - 11.9 
6.89 2.2 - 22.1 

Adjusted' 
OR 95%CI 

1.00 
3.04 1.0 - 9.3 

1.00 
0.41 0.0 - 5.3 
4.41 1.3 - 15.5 

1. Adjusted for age, sex, schooling, race, religion, and language. 

Adjusted2 

OR 95%CI 

1.00 
3.14 0.9 - 10.9 

1.00 
0.27 0.0 - 4.4 
4.81 1.2-19.4 

2. Adjusted for age, sex, schooling, race, religion, language, tobacco smoking, and alcohol 
drinking. 



Table 40. Odds Ratios (ORs) of cancer of the tonsils and base of tongue 
associated with detection of HPV DNA 

HPVDNA 
Cases/ 
controls 

Crude 
OR 95%CI 

1.00 

Adjusted' Adjusted2 

OR 95%CI OR 95%CI 

1.00 
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Negative 
Positive 

12/123 
9/6 15.38 4.7 - 50.6 12.70 2.4 - 66.8 

1.00 
18.43 2.2 - 154.5 

Negative 
Low risk 
High risk 

12/123 
0/2 
9/4 

1.00 
0.01 0.0 - ND 

23.06 6.2 - 86.2 

1.00 
0.00 0.0 - ND 
18.45 3.3 - 104.5 

1. Adjusted for age, sex, schooling, race, religion, and language. 

1.00 
0.00 
19.32 

0.0 - ND 
2.3 - 159.5 

2. Adjusted for age, sex, schooling, race, religion, language, tobacco smoking, and alcohol 
drinking. 

Table 41. Odds Ratios (ORs) of oral cancer other than tonsils and base of tongue 
associated with detection of HPV DNA 

HPV DNA 

Negative 
Positive 

Negative 
Low risk 
High risk 

Crude Cases/ 
controls OR 95%CI 

46/123 1.00 
5/6 2.23 0.6-7.7 

46/123 1.00 
1/2 1.34 0.1 - 15.1 
4 / 4 2.67 0.6 - 11.1 

Adjusted J 

OR 95%CI 

1.00 
1.42 0.4 - 5.7 

1.00 
0.55 0.0 - 7.3 
2.01 0.4 - 9.7 

1. Adjusted for age, sex, sChooling, race, religion, and language. 

Adjusted2 

OR 95%CI 

1.00 
1.29 0.3 - 6.3 

1.00 
0.33 0.0 - 5.5 
2.14 0.4 - 13.0 

2. Adjusted for age, sex, schooling, race, religion, language, tobacco smoking, and alcohol 
drinking. 
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The results for ail oral cancers except tonsil and base of tongue are shown in table 41. 

The ORs of disease for high risk HPV types was 2.67 (95%CI:0.6-11.1) for the crude 

model, and 2.14 (95%CI: 0.4-13.0) for the fully adjusted mode!. These OR estimates 

were considerably lower than the ones for tonsil and base of tongue. 

Effect modification between detection of HPV DNA and certain established determinants 

of the disease was assessed running models including and excluding interaction terms 

(table 42). None of the interaction terms added to the fitted model reached statistical 

significance. However, despite the relatively small sam pie size of the present study, 

some estimates could point to a potential effect modification. Regarding the analysis of 

effect modification between age and HPV DNA in oral samples, the OR of oral cancer for 

older patients (more than 55 years) with HPV positive samples was 7.21 (95%CI: 1.7-

31.3) in the fitted model, whereas in the model with the interaction term the OR was 

16.31 (95%CI: 1.8-144.6). In both models, the reference category were younger patients 

with HPV negative oral samples. The analysis for tobacco smoking showed that heavy 

smokers (more than 30 pack-years) with HPV positive samples had higher risk estimates 

in the model including interaction terms than the fitted mode!. The same situation 

occurred with alcohol drinking. Regarding interaction of detection of HPV DNA and sex, 

the estimates for both models were rather similar. 

5.4.3 Detection of HPV DNA in exfoliated oral cells and tumour biopsies 

Of the 72 cases recruited in the study, a tumour biopsy was collected for 41 of them and 

sent for HPV DNA testing. Biopsy samples were tested for the amplification of the [3-

globin gene to assess the quality of the sam pie for further testing for HPV DNA. Of the 

41 biopsies, 35 were positive for the [3-globin gene. These biopsies were further tested 
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Table 42. Assessment of effect modification between detection of HPV DNA and other factors on the risk of oral cancers 

Variables 

Age 

Tobacco 
(in pkyrs) 

Alcohol 
(in kgs) 

Sex 

Cases/ Fitted Model 
Categories 

<=55 
>55 

Never 
1-30 
>30 

<1 
1-200 
>200 

controls 
HPV negative 

OR 95%CI 

22/ 40 1.00 
50/ 89 1.32 0.7 - 2.6 

11 / 41 1.00 
19 / 55 1.17 0.5 - 2.8 
42/ 33 4.61 2.0 - 10.5 

7 / 15 1.00 
16/ 69 0.62 0.2 - 1.8 
49 / 45 2.70 1.0 - 7.6 

Females 21 / 37 1.00 
Males 51 / 92 0.83 0.4 - 1.6 

H PV positive 
OR 95%CI 

5.45 1.9 - 15.4 
7.21 1.7 - 31.3 

5.18 1.8 - 15.0 
6.07 1.6 - 22.8 

23.85 6.1 - 93.4 

4.46 1.5-12.9 
2.74 0.5 - 14.0 
12.02 2.5 - 58.5 

5.16 1.9 - 14.3 
4.28 1.4 - 13.2 

Assuming interaction 

HPV negative 
OR 95%CI 

1.00 
1.14 0.6 - 2.3 

1.00 
1.31 0.5 - 3.3 
4.72 2.0 - 11.3 

1.00 
0.42 0.1 - 1.3 
1.73 0.6 - 5.0 

1.00 
0.79 0.4 - 1.5 

HPV positive 
OR 95%CI 

3.27 0.9 - 12.0 
16.31 1.8 - 144.6 

8.89 0.7 - 109.0 
4.45 0.9 - 21.2 

35.45 3.9 - 321.2 

0.67 0.1 - 7.9 
2.00 0.2 - 17.9 

22.02 2.3 - 212.9 

1.80 0.1 - 30.4 
4.68 1.5 - 15.0 

1. P value (Iikelihood ratio test) for the improvement in goodness of fit for the model adding the interaction term(s). 

pvalue1 

0.2104 

0.7352 

0.1438 

0.4467 

-'" 
-'" 
0) 
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for the presence of HPV DNA using the GP5+/GP6+ technique. A total of seven of the 

35 biopsies (20%) were positive for HPV DNA, ail of them for HPV 16. Tumours of the 

tonsil and base of tongue had a higher positivity rate (45.4%; 5 out of 11) than other oral 

cancer tumours (4.2%; 2 out of 24). 

Detection of viral DNA in oral exfoliated cells and in tumour biopsies were highly 

correlated. Table 43 presents the agreement between detection of HPV DNA in both 

types of samples. Despite the use of different PCR protocols and the different nature of 

biological materials there was agreement in measurement for 31 of the 35 samples. Ali 

the oral cell samples included in the table were positive for HPV 16 DNA. 

Table 43. Agreement between detection of HPV DNA in oral exfoliated cells 

and tumour biopsies 

Oral cells 

Negative 
Positive 

Total 

Biopsies 

Negative Positive 

26 
2 

28 

2 
5 

7 

Total 

28 
7 

35 

1. Association between HPV positivity in oral cells and biopsies. 

5.4.5 HPV ser%gy and Oral Cancer 

Kappa p value 1 
statistic 

0.643 <0.0001 

Plasma samples for serology testing were obtained from 66 of the 72 cases, and 128 of 

the 129 controls. Table 44 presents the mean optical density (00) values for the ELISA 

assays carried out for three anti-capsid antibodies: HPV 16, HPV 18, and HPV 31. The 
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Table 44. HPV capsid serum antibodies (in absorbance values) according to patient 

status (cases and controls) 

Capsid 
Status N Mean 00 Difference 

95% CI p value1 

antibody in means 

HPV16 Contrais 128 0.014 0.067 0.021-0.113 0.005 
Cases 66 0.082 

HPV18 Controls 128 0.011 0.004 0.000 - 0.007 0.048 
Cases 66 0.015 

HPV31 Controls 128 0.026 0.036 -0.009 - 0.081 0.115 
Cases 66 0.062 

1. P value for independent T-test. 

Table 45. HPV capsid serum antibodies (in absorbance values) among cases 
according to detection of HPV DNA in oral exfoliated cells 

Capsid Detection 

of N Mean 00 Difference 
95% CI p value1 

antibody in means 

HPVDNA 

HPV16 Negative 52 0.030 0.243 0.059 - 0.427 0.014 
Positive 14 0.273 

HPV18 Negative 52 0.011 0.016 0.002 - 0.030 0.031 
Positive 14 0.027 

HPV31 Negative 52 0.023 0.183 -0.024 - 0.391 0.079 
Positive 14 0.206 

1. P value for independent T-test. 
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mean 00 values were higher among cases than controls for the three antibodies tested. 

The highest difference was seen for HPV 16:0.067 (95%CI: 0.021-0.113). 

Cases with oral exfoliated cell samples positive for detection of HPV ONA were 

compared with cases with oral samples that were HPV negative (table 45). The mean 

00 values were higher for ail three HPV types among HPV ONA positive cases 

compared to HPV ONA negative cases. Again, the highest difference was seen for HPV 

16: 0.243 (95%CI:0.059-0.427). 

5.4.6 Odds Ratios (ORs) of oral cancer according to HPV seropositivity 

The association between HPV serology and risk of oral cancer is summarized in table 

46. The highest association between seropositivity and oral cancer was seen for the 

HPV 16 capsid antigen. The OR of disease for this antigen, after adjustment for socio­

demographic variables as weil as tobacco smoking and alcohol drinking (model 3), was 

7.48 (95%CI:2.1-27.2). The ORs for the other two HPV types were substantially lower: 

the adjusted OR (model 3) for HPV 18 was 2.31 (95%CI: 0.4-13.4), and for HPV 31 was 

2.25 (95%CI:0.8-6.3). As expected, given their correlation, further adjustment for 

detection of HPV ONA in the oral cavity decreased the estimates for HPV seropositivity 

(modeI4): e.g. the OR estimate for HPV 16 decreased form 7.48 (model 3) to 6.45 

(95%CI:1.6-25.3). 

The definition of seropositivity used in the analysis presented in table 46 corresponded 

to the predefined cutpoint for 00 values as porposed by Dr. Viscidi's laboratory. Table 

47 presents the ORs of oral cancer for different cutpoints to define seropositivity for the 

HPV 16 ELISA assay. Different cutpoints were defined according to the distribution of 

results among control subjects: 70th percentile, 80th percentile, 90th percentile, the 



Table 46. Odds ratios (ORs) of oral carcinoma according to HPV seropositivity 

Seropositivity 

HPV16 
Negative 
Positive 

HPV 18 
Negative 
Positive 

HPV 31 
Negative 
Positive 

1. Crude 

Cases/ 

Contrais 

58/123 
14/5 

57/120 
4/3 

49/110 
13/11 

Model1 

OR 95% CI 

1.00 
6.62 2.3 - 19.3 

1.00 
2.69 0.6 - 12.4 

1.00 
2.61 1.1 - 6.2 

2. Adjusted for socio demographic variables 
3. Adjusted for the above plus tobacco and alcohol 
4. Adjusted for the above plus detection of HPV DNA 

OR 

1.00 
5.79 

1.00 
2.31 

1.00 
2.13 

Model2 

95% CI 

1.7 -19.3 

0.4 -12.5 

0.8-5.5 

OR 

1.00 
7.48 

1.00 
2.31 

1.00 
2.25 

Model3 

95% CI 

2.1 -27.2 

0.4 -13.4 

0.8- 6.3 

Model4 

OR 95% CI 

1.00 
6.45 1.6 - 25.3 

1.00 
1.53 0.2 -10.2 

1.00 
1.84 0.6-5.5 

...... 
1\) 
o 
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predefined cutpoint -that corresponded to the 96th percentile-, and the value that 

provided the maximum positive likelihood ratio -corresponding to the 99th percentile-. As 

expected, the highest association between HPV 16 seropositivity and oral cancer was 

found for the latter value (crude OR=28.2: 95%CI:3.6-222.4). The crude OR for the 

preassigned cutpoint was 6.62 (95%CI:2.3-19.3). 1 preferred to use this cutpoint for the 

analysis because 1 will be able to compare the results form this investigation with results 

from other studies, given that most studies on HPV serology defined seropositivy the 

sa me way. 

Table 47. Crude odds ratios (ORs) of oral cancer according to different cutpoint 

for HPV 16 seropositivity 

Controls Cases 
Cutpoint 00 value OR 95%CI 

Neg Pos Neg Pos 

70th pereentile 0.0115 91 37 26 40 3.78 2.0 7.1 

80th pereentile 0.0131 101 27 34 32 3.52 1.9 6.7 

90th pereentile 0.0165 115 13 43 23 4.73 2.2 10.2 

Preassigned (96th pere) 0.0500 123 5 52 14 6.62 2.3 19.3 

Maximun +LR (99th pere) 0.0862 127 54 12 28.22 3.6 222.4 

The subsite analysis for tonsil plus base of tongue, and for ail other cancers, was carried 

out only for HPV 16 serology (table 48). The magnitude of association between HPV 16 

seropositivity and cancers of the tonsil and base of tongue was extremely high. The fully 

adjusted model, including adjustment for detection of HPV DNA in oral cells, yielded an 

OR of 99.34 (95%CI:3.2-3089.9). As expected, the OR estimates were very imprecise, 

due to the low number of cases in the subsite analysis and the low number of 



Table 48. Odds ratios (ORs) of oral carcinoma according to HPV 16 seropositivity 

Seropositivity Cases/ 
by subsite Controls 

Tonsils & Base of Tongue 

Negative 8/123 
Positive 9/5 

Oral cancer other than Tonsil 
& Base of tongue 

Negative 
Positive 

Model 1. Crude 

44/123 
5/5 

Model1 

OR 95% CI 

1.00 
27.68 7.5 -102.2 

1.00 
2.80 0.8 - 10.1 

Model 2. Adjusted for socio-demographic variables 

OR 

1.00 
31.51 

1.00 
3.16 

Model2 

95% CI 

4.5 - 219.7 

0.8 - 13.0 

Model 3. Adjusted for socio-demographic variables plus tobacco and alcohol 

OR 

1.00 
182.27 

1.00 
3.87 

Model 4. Adjusted for socio-demographic variables, tobacco, alcohol plus detection of HPV DNA 

Model3 

95% CI 

7.0 - 4753.0 

0.9-17.5 

OR 

1.00 
99.34 

1.00 
3.93 

Model4 

95% CI 

3.2 - 3089.9 

0.9 -18.0 

-" 
1\) 
1\) 



123 

seropositive controls. The risk estimates for othercancers were much sm aller. The OR 

for the fully adjusted model was 3.93 (95%CI:0.9-18.0). 

5.4.7 HPV ser%gy and detection of HPV DNA 

Detection of viral DNA in oral cells and the results form HPV serology were highly 

correlated. Table 49 shows the agreement between serology for HPV 16 and HPV DNA. 

As expected, the agreement between HPV 16 seropositivity and HPV 16 DNA was 

higher than the correlation with any HPV DNA. 

Table 49. Agreement between HPV DNA and serology measurements 

Detection of viral DNA 
HPV 16 serology Total Kappa 

p value in oral cells statistic 

Negative Positive 
Any HPV type 

Negative 166 8 174 0.515 <0.0001 
Positive 9 11 20 

HPV 16 
Negative 173 8 181 0.660 <0.0001 
Positive 2 11 13 

Total 175 19 194 

Table 50 shows the ORs of oral cancer according to detection of HPV DNA and HPV 16 

seropositivity, each one alone and together. The analysis was done for ail oral cancers, 

tonsil and base of tongue together, and other oral cancers. When detection of HPV DNA 

and serology were each one al one in the model, the OR estimates for HPV serology 

were higher than the estimates for HPV DNA for ail three outcomes considered. The 

models that included both variables mutually adjusted showed that for ail oral cancers 
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Table 50. Odds Ratios (ORs) of oral cancer for HPV serology and detection of viral DNA, alone and mutually adjusted 

Cases/ Crude Mutually adjusted Further1 adjusment 
controls OR 95%CI OR 95%CI OR 95%CI 

Ali Oral Cancer Substies 

HPV DNA Negative 58 / 123 1.00 1.00 1.00 
Positive 14 / 6 4.95 1.8 - 13.5 3.02 1.0 - 9.4 3.56 1.1 -12.5 

HPV 16 serology Negative 52 / 123 1.00 1.00 1.00 
Positive 14 / 5 6.62 2.3 - 19.3 4.00 1.2-13.1 4.29 1.2 - 15.0 

Tonsil & Base of Tangue 

HPV DNA Negative 12 / 123 1.00 1.00 1.00 
Positive 9/6 15.38 4.7 - 50.6 9.49 2.2 - 41.2 13.01 1.9 - 87.9 

HPV 16 serology Negative 8/123 1.00 1.00 1.00 
Positive 9/5 27.68 7.5 - 102.2 12.00 2.7 - 53.2 23.38 3.5 - 156.0 

Other Oral Cancers2 

HPV DNA Negative 46 / 123 1.00 1.00 1.00 
Positive 5/6 2.23 0.6 - 7.7 1.90 0.5- 6.9 2.09 0.5 - 8.4 

HPV 16 serology Negative 44 / 123 1.00 1.00 1.00 
Positive 5/5 2.80 0.8 - 10.1 2.40 0.6 - 9.1 2.56 0.6 -10.6 

1. Adjustment for markers of sexual activity. See text for details. 
2. Other th an tonsil and base of tongue. 

1\) 
.j:>. 
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both estimates decreased compared to the crude models. For detection of HPV DNA, 

the OR estimate decreased from 4.95 (95 %CI: 1.8-13.5) to 3.02 (95 %CI: 1.0-9.4). The 

OR for HPV 16 seropositivity decreased form 6.62 (95 %CI: 2.3-19.3) to 4.00 (95 %CI: 

1.2-13.1). The analysis for cancer of tonsil and base of tongue also showed a decrease 

in both estimates: for HPV DNA from 15.38 (95 %CI4.7-50.6) in the crude model, to 

9.49 (95 %CI:2.2-41.2) in the mutually adjusted model, and the for HPV 16 seropositivity 

from 27.68 (95 %CI: 7.5-102.2) to 12.00 (95 %CI:2.7-53.2). For cancers other than tonsil 

and base of tongue, there was a slight decrease for both HPV infection markers. An 

important caveat to consider in these analyses is the relatively low precision of the 

estimates. 

The last column of table 50 presents the above analyses plus further adjustment for 

sorne markers of sexual activity. The variables included in the model-in addition to HPV 

DNA detection and HPV 16 seropositivity- were antecedents of sexual intercourse with 

prostitutes and with sexual partners with STDs for males, and antecedents of personal 

STDs for both males and females. These variables were chosen because they are the 

ones most likely to be associated with the disease, as suggested by the results 

presented in tables 33 and 34. Adjustment for these markers of sexual activity did not 

decrease the magnitude of the estimates for HPV DNA or serological response, 

suggesting that the seropositivity is not explained by a genital infection. 

Table 51 presents the distribution of subjects according to HPV posivity combining the 

results of viral DNA detection and serological response. The proportion of cases positive 

for both measurements was substantially higher for cancers related to Waldeyer's ring 

(palatine and lingual tonsil) than for other oral cancers. 



HPV 
DNA 

Negative 

Positive 

Negative 

Positive 

Table 51. Distribution of subjects according to HPV DNA detection and HPV 16 seropositivity 

HPV 
serology 

Negative 

Negative 

Positive 

Positive 

Total 

Controls 

N rate 

117 91.4% 

6 4.7% 

5 3.9% 

0 0.0% 

128 100.0% 

Ali oral cancers 

N rate 

49 74.2% 

3 4.5% 

3 4.5% 

11 16.7% 

66 100.0% 

Other than tonsils 
and base of tongue 

N rate 

42 85.7% 

2 4.1% 

2 4.1% 

3 6.1% 

49 100.0% 

Tonsils and 
Base of Tongue 
N rate 

7 41.2% 

1 5.9% 

1 5.9% 

8 47.1% 

17 100.0% 

1\) 
0> 
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It was not possible to estimate ORs of oral cancer due to positivity with both 

measurements since none of the control subjects was in this category. To circumvent 

this problem, a case-only analysis was performed to assess the magnitude of 

association of markers of HPV infection with tonsillar related cancers, compared to oral 

cancers not related to palatine and lingual tonsils. These results are shown in table 52. 

Table 52. Case-only analysis: odds ratios (ORs) of tonsillar1 cancers (compared to non 

tonsillar cancers) for markers of HPV infection 

HPV marker Categories 

HPVDNA Negative 

Positive 

H PV 16 serology Negative 

Positive 

Combined tests Both Negative 

Only HPV DNA positive 

Only serology positive 

Either test positive 

Both tests positive 

Non tonsillar1 

cases/ 
Tonsillar1 cases 

46/12 

5/9 

44/8 

5/9 

42/7 

2/1 

2/1 

7/10 

3/8 

1. Tonsillar cases: include palatine and lingual tonsils, 

Non tonsillar cases: other than palatine and lingual tonsils. 

2. Reference category. 

OR 

1.00 

6.90 

1.00 

9.90 

1.00 

3.00 

3.00 

8.57 

16.00 

95%CI 

ref. 2 

1.9 -24.4 

ref. 

2.6 - 37.3 

ref. 

0.2 - 37.7 

0.2 - 37.7 

2.4 - 30.0 

3.4 - 75.3 

The magnitude of association of both markers of HPV infection (HPV DNA and serology) 

with tonsillar related cancers was substantially higher than for either marker alone. 

These results suggest that not only the association of HPV infection with cancers of the 
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palatine and lingual tonsils is much stronger than for other oral cancers, but also that 

assessment of HPV infection with immunological assays supplements the detection of 

viral DNA in the oral cavity. 
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6. DISCUSSION 

The results fram the present praject show that there is a clear association between HPV 

infection and oral cancer, or at least with a subset of oral malignancies. Two markers of 

viral infection were used: detection of HPV DNA in the oral cavity, and serological 

response ta HPV capsids. Bath markers were strangly correlated with the disease. 

HPV DNA was detected in approximately 20 % of subjects with oral cancer, and in 5% of 

contrais. For HPV 16 DNA, the rates were 18% and 0%, respectively. The rates for any 

HPV type are in the middle range of detection compared ta other case-control studies 

that used oral exfoliated cell samples and newly diagnosed cases. Our rates are 

comparable ta those in the study by Smith et al. (1998) (15% among cases and 5% 

among contrais); they were lower compared with the study by Summersgill et al. (2000), 

(29% and 19%, respectively), and higher than the rates shawn in the research by 

Herrera et al. (2000) (5% for bath cases and contrais). 

6.1 ORAL CANCERS NOT RELATED TO LINGUAL AND PALATINE TONSILS 

The analysis for oral cancers excepting palatine tonsil and base of tangue indicated that 

detection of high risk HPV DNA in the oral cells was associated with a two-fold increase 

in the risk of disease (OR=2.14, 95%CI:0.4-13.0), after adjustment for age, sex, socio­

demographic factors, and tobacco and alcohol consumption. Although lacking precision, 

this estimate was comparable ta the results from the study by Summersgill et al. (2000): 

OR=2.4 (95%CI: 1.4-3.9), and the results from Smith et al. (1998): OR for ail HPV types 

of 3.7 (95%CI: 1.5-9.3). These two studies included cases with cancer of the mouth only. 

Herrera et al. (2000), who included patients with cancers of the mouth and of the 

oropharynx, failed ta find an association between the disease and detection of viral DNA 
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in oral cells. Two case-control studies that included a considerable proportion of patients 

already treated for oral cancer found a relatively low detection rate of high risk HPV DNA 

in both cases and controls: less th an 10% (Maden et al., 1992; Schwartz et al., 1998). 

A recent meta-analysis by Miller and Johnstone (2001) comprised studies on HPV and 

cancer of the mouth published from 1982 to 1997. The authors reported a pooled OR of 

5.37 (95%CI: 2.5-11.6) for studies comparing prevalence of HPV in normal mucosa and 

squamous cell carcinomas of the mouth. This estimate took into consideration sam pie 

size, age, sex, method of tissue preservation, and type of assay. Tobacco and alcohol 

consumption were also considered cofactors, but availability of detailed information on 

these potential confounders was scanty. 

This study's positive association between detection of HPV DNA and oral cancers not 

related to Waldeyer's ring does not necessarily mean that the virus plays an etiologic 

role. HPV appears to be a common comensal in the oral mucosa (Scully, 2002), and 

there is the possibility that the virus infects preferentially already premalignant or 

malignant tissues. Conversely, a virus may be an etiologically important factor in the 

development of a tumour and still not be present in tumour cells ("hit and run" model). 

Studies on serological response to HPV may better represent the temporal relationship 

between the virus and the tumour. Serological response is more a marker of past 

cumulative HPV exposure rather than current HPV infection, and most seroconversions 

are persistent (Dillner et al., 1995; Dillner, 1999). 

1 n the present project a positive association was found between serological response to 

the HPV 16 capsid and cancers of the oral cavity other than tonsil and base of tongue 

(OR=3.87, 95%CI:0.9-17.5, adjusted for socio-demographic variables and tobacco and 
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alcohol consumption). These findings are in agreement with the results by Schwartz et 

al. (1998), who found an association between seropositivity for HPV 16 capsids and oral 

cancers (OR=2.3; 95%CI:1.6-3.3). The authors did not present subsite specifie analysis, 

such as for patients with cancer of the mouth, tonsillar cancer, or other oropharyngeal 

cancers. Similar results were also found by Mork et al. (2001). Using a matched case­

control study design and serum banks, the authors showed an OR for squamous cell 

carcinoma of the head and neck in subjects seropositive for HPV 16 of 2.2 (95%CI:1.4-

3.4). Plasma samples were obtained several years before the diagnosis of the disease. 

The analysis of carcinomas of the tongue showed and OR of 2.7 (95%CI:1.2-6.6). It is 

not reported what proportion of these tumours had base of tongue as the primary site. 

ln summary, there is a positive epidemiological association between HPV infection and cancers 

of the oral cavity not related to the lingual and palatine tonsils, which was detected in this study 

with somewhat reduced precision. However, the biological evidence for a firm etiologic link is not 

weil established. PCR's extreme sensitivity cou Id detect latent infections not related to the 

tumour. A study by Gillison et al. (2000) showed that non tonsillar oral tumours positive for HPV 

by PCR were rarely positive by Southern blot or in situ hybridization, suggesting a lack of clonai 

association between the virus and cancer cells. Nevertheless, some reports have shown that the 

HPV 16 genome was integrated into cancer cells of the mouth, and that the viral genome was 

transcriptionally active (Steenbergen et al., 1995). This latter evidence, plus the association 

between HPV seropositivity and cancers of the mouth found in this and other studies, gives 

support to the idea that at least some squamous cell carcinomas not related to the tonsils are 

etiologically linked to HPV infection. However, given that the biological evidence is scarce, the 

proportion of cancers of the mouth linked to the virus is likely to be small. 
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6.2 CANCERS OF THE PALATINE TONSIL AND BASE OF TONGUE 

The evidence linking HPV infection and cancers related to Waldeyers's ring is very 

strong in the present study. This ring comprises Iymphatic tissue especially organized for 

a direct contact with antigens from external environment, hence its role in regional and 

general immune response. One of the first observations suggesting that tonsillar cancers 

may be etiologically linked to HPV was provided by Snijders et al. (1992) . The authors 

detected HPV DNA in ail of the 10 biopsies of tonsillar carcinomas tested and in none of 

the seven biopsies of tonsillitis used as controls. Since then, several reports found that 

tonsillar cancers, or cancers of the oropharynx, presented a higher prevalence rate of 

HPV infection than other oral cancers (studies were summarized in table 5). Gillison et 

al. (2000) found that oropharyngeal tumours were six times more likely to harbour HPV 

DNA than other oral cancers (OR=6.2; 95%CI:3.1-12.1). 

ln the present investigation detection of HPV DNA was strongly associated with cancers 

of the palatine tonsil and base of tongue. After controlling for the potential confounding 

effect of socio-demographic factors, tobacco smoking, and alcohol drinking, the OR of 

disease for high risk HPV types was 19.32 (95%CI:2.3-159.5). Serological response to 

HPV 18 and HPV 31 were not strongly correlated with cancer. On the other hand, 

presence of antibodies against HPV 16 capsids was associated with a more than thirty­

fold increase in risk compared to seronegatives, after adjusting for socio-demographic 

variables (OR=31.51; 95%CI:4.5-219.7). Further adjustment for tobacco and alcohol 

consumption did not decrease this estimate. When both detection of HPV DNA and 

seropositivity to HPV 16 are included in the model, both estimates decreased. This 

reduction is not surprising given the high correlation of both measurements. The 

decrease in the estimate for serology indicates that the serological response is mainly 

due to oral HPV infection and not to a genital infection. Moreover, this association did 



not decrease after adjustment for markers of sexual activity, indicating that genital 

infections are not likely to explain the serological response to HPV 16. The fact that 

there is still a strong association between seropositivity and cancer after including 

detection of HPV DNA in the model may reflect that HPV was not detected in sorne 

samples, or that the viral genome was lost after having been involved in the 

development of the tumour ("hit and run" model). In any case, the results for both 

markers of HPV infection combined showed that serology supplemented detection of 

HPV DNA in the assessment of oral HPV infection. 
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To my knowledge, the only published study on HPV serology that focused specifically on 

the association with cancer of the oropharynx is the research by Mork et al. (2001). The 

analysis for this subsite showed an OR of 14.4 (95%CI:3.6-58.1). This magnitude of 

association is comparable to the one measured in the present project. The 

epidemiological evidence from this and other studies shows that the magnitude of 

association between HPV infection and squamous cell carcinomas related to the 

Waldeyer's ring is very strong. In addition to the epidemiological evidence, there is 

consistent biological evidence suggesting that HPV positive cancers arising from the 

palatine and lingual tonsils are a distinct entity etiologically linked to infection by high risk 

HPV types, especially HPV 16. Gillison et al. (2000) showed that HPV positive 

oropharyngeal cancers had predominantly a basaloid morphology, fewer p53 mutations, 

improved survival, and were less likely to be associated with alcohol drinking and 

perhaps tobacco smoking than HPV negative oropharyngeal cancers. Most HPV positive 

oropharyngeal cancers harboured HPV 16, which was localized by in situ hybridization 

within the nuclei of cancer cells, and Southern blot hybridization patterns were consistent 

with viral integration (Gillison et al., 2000). Furthermore, Van Houten et al. (2001) found 

that HPV positive oral tumors that were also positive for expression of the viral E6 gene 
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(E6 mRNA) lacked a p53 mutation. On the other hand, p53 mutations were very 

common among HPV negative tumours and HPV positive tumours that did not express 

the E6 gene. In agreement with this study, a recent report by Wiest et al. (2002) showed 

that among HPV positive tumours of the head and neck regions, most tumours of the 

oropharynx expressed the viral oncogenes E6 and E7 and presented the wild type p53, 

whereas most tumours arising form other oral regions presented a mutated p53 and did 

not express the viral oncogenes. Finally, on the clinical side, Gillison et al. (2000), Lindel 

et al. (2001), and Schwartz et al. (2001) have reported that patients with HPV positive 

oropharyngeal tumours have a better survival than patients with HPV negative cancers. 

ln summary, the results from this project added to other studies provide epidemiological 

evidence supporting a strong association between HPV infection and cancers of the 

oropharynx, especially those arising form the Waldeyer's ring. In recent years several 

studies have provided biological evidence supporting an etiological link between the 

virus and these malignancies. 

6.3 ROUTE OF TRANSMISSION FOR HPV ORAL INFECTION 

HPV appears to be a common comensal of the oral mucosa, although the source of viral 

infection remains uncertain. Oral HPV infections in newborns of infected mothers are 

rare (Watts et aL, 1998), and infections through fomites cannot be discarded. 

Despite the association between cervical cancer and subsequent head and neck 

cancers (Spitz et aL, 1992; Frisch et aL, 1999; Hemminki et aL, 2000), the evidence for a 

sexual route of transmission is not consistent. Kellokoski et al. (1992) examined the 

presence of HPV DNA in biopsies of clinically normal buccal mucosa of women with 

genital HPV infections. Using Southern blot and PCR techniques they detected HPV in 
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15% and 29% of normal samples, respectively. The HPV types detected in the genital 

and oral mucosa of index patients differed in most cases. On the other hand Premoli-De­

Percoco et al. (1998) found a strong correlation between HPV detection in oral 

squamous cel! carcinomas and that in cervical smears. Using in situ hybridization for 

detection of the virus, they detected HPV DNA in 70% (35 of 50) of oral cancers and in 

56% (28 of 50) of cervical smears. In 23 of the 28 patients who were positive for HPV 

sequences in the cervicovaginal tract, the same HPV type was found in the oral cavity. 

Given the strong association between markers of sexual activity and cervical cancer, 

some studies have examined the relationship between sexual activity and oral 

carcinomas. Schwartz et al. (1998) found an increased risk of oral cancer among males 

with younger age at first intercourse, higher Iifetime number of opposite sex partners, 

and prior diagnosis of genital warts. However, they did not find a relationship ever 

performing oral sex and lifetime number of oral sex partners. A second case-control 

study (Smith et al., 1998) failed to find any association between indicators of sexual 

behaviour and oral cancer: HPV related genital lesions, sexual oral behaviour, and 

lifetime number of sexual partners differed little between cases and controls. A third 

case-control study (Maden et aL, 1992) found paradoxical results: while lifetime number 

of sexual partners was positively associated with oral cancer, ever practicing oral sex 

was shown to be protective of the disease (OR=O.4; 95%CI:0.2-0.8). The results from 

the present study concerning markers of sexual activity were not consistent with a 

clearcut role. Some markers seemed to be associated with oral cancer among males, 

such as past history of sexual intercourse with female prostitutes, personal antecedents 

of STDs, and having had sex with partners with STD. However, none of these 

associations were significant. On the other hand, indicators of oral sexual activity, such 
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as frequency and age at first oral sexual experience, were not associated with the oral 

malignancies. 

6.4. INTERACTION BETWEEN HPV AND OTHER FACTORS 

Another aspect of the role of HPV in oral cancers that needs further investigation is the 

potential synergism or independence of effects between the virus and tobacco and 

alcohol consumption, the main risk factors for oral cancer. Most of the evidence 

indicates that HPV linked tumours are more likely to occur in non smokers. Koch et al. 

(1999) found a marginally higher rate of HPV infection in head and neck cancers among 

non smokers compared to tobacco users. Fouret et al. (1997) analyzed the presence of 

HPV in head and neck tumours. The rate of viral detection among smokers was 8.5% 

(15 of 171), whereas among non smokers was 50% (5 of 10). Gillison et al. (2000) found 

that HPV positive oropharyngeal cancers were less likely to occur among moderate to 

heavy drinkers (OR of exposure = 0.17; 95%CI:O.05-0.61) and smokers (OR of exposure 

= 0.16; 95%CI:0.02-1.4) compared to HPV negative oropharyngeal cancers. Results 

from the present investigation do not show a clear interaction between HPV infection 

and tobacco or alcohol: des pite the imprecise estimates, the ORs point more to a 

positive than to a negative effect modification. 

6.5 ADVANTAGES AND LIMITATIONS OF THE PRESENT 5TUDY 

One of the limitations of the present study is the relatively small number of patients with 

oral cancer who were recruited. Despite intense efforts to involve ail major clinics in 

Montreal, the centre that treats the highest number of patients did not participate. The 

small sam pie size prevented the estimation of more precise parameters. 
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Another potential limitation, intrinsic to case-control studies in which exposure and 

outcome are assessed at the same point in time, is the uncertainty to confirm whether 

the exposure precedes the outcome. It could be argued that a reverse causality bias 

could partially explain the association between HPV detection and non tonsillar oral 

cancers. However, the positive association found between serology and the cancers of 

these subsites make this explanation less likely, since seropositivity is more a marker of 

past than recent infection. It is extremely unlikely that reverse causality bias could 

explain the association between HPV infection and cancers of the palatine and lingual 

tonsils. Not only is the magnitude of the association very high, but also the biological 

evidence supporting the carcinogenic effect of viral infection in these tumours is 

compelling. 

The comparison between participating and non participating subjects showed that the 

latter were on average older than participants, and the proportion of females was higher. 

These differences are unlikely to affect the validity of the study because they would not 

have affected the distribution of HPV results between cases and controls to any 

appreciable extent. Furthermore, a selection bias is also unlikely, because participants 

and non participants were totally unaware of their HPV status. 

The distribution of subjects according to socio-demographic characteristics, already 

presented in table 15, shows that cases and controls differed in sorne aspects: controls 

were more likely than cases to have more years of formai education, to speak English, to 

be Jewish, and less likely to be Catholic. These factors are associated with life style 

factors potentially linked to oral cancer, therefore there is the possibility of a selection 

bias. To prevent it, these variables were treated as potential confounders of the 

relationship between putative factors and oral cancer. Nevertheless, even if sorne bias 
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was introduced by the imbalance of socio-demographic variables between cases and 

controls, it is highly unlikely that these differences could explain the magnitude of 

association found between HPV and cancers, particularly the ones of palatine tonsil and 

base of tongue. 

Ideally, population controls would reflect better than hospital controls the exposure 

experience in the study base. However, the use of population controls in this study 

would have had an important limitation concerning response rate given the need for 

clinical specimens. In addition, the quality of information given by hospital controls is 

more comparable to cases because they share the same environment and they have 

similar motivations to recall exposures. A typical concern with the use of hospital 

controls is the possibility that they may not represent the study base, therefore 

introducing the possibility of selection bias. The most important requisite for a control 

group is that it should reflect the population from which cases would arise: a subject is a 

member of the base only if he or she would be enrolled as a case if diagnosed with the 

disease during the recruitment time. It is reasonable to assume that in this study if a 

control had developed oral cancer he or she would have been recruited as a case, th us 

satisfying this requisite. 

Selection bias is introduced when the sampling fractions unknowingly depend on an 

exposure variable. There is no bias (or confounding) when the selection probability 

depends on a factor that is unrelated to the exposure (Breslow and Day, 1980). 1 n 

theory, if there is complete evidence that a single disease is unrelated to the exposure of 

interest, the whole control series may be selected from patients with that disease. 

However, inclusion of patients with several diseases minimizes potential bias if any of 

the control diseases is associated with the exposure (Breslow and Day, 1980). 



6.5.1 Assessment of HPV infection 

HPV infection was assessed using two markers: HPV DNA and serology. Individually, 

both markers showed similar association with the disease, whereas combined they 

supplemented each other. 
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The most commonly PCR based assays for detection of HPV DNA found in the literature 

are the GP5+/6+ system (de Roda Husman et al., 1995) and the MY09/11 system 

(Manos et al., 1989). The sensitivity and specificity of both systems are very similar. 

(Zehbe and Wilander, 1996; Zehbe and Wilander, 1997; Qu et aL, 1997). The MY09/11 

primers were redesigned into the PGMY09/11 primers (Gravitt et aL, 2000) to increase 

the sensitivity of amplîfication across a broader spectrum of HPV types, and is 

considered an improvement of the previously described MY09/11 protocol. The 

performance of the PGMY09/11 primer system relative to that of the standard MY09/11 

system was evaluated with a set of 262 cervicovaginallavage specimens (Gravitt et aL, 

2000). There was a 91.5% overall agreement between the two systems. The 

PGMY09/11 system appeared to be significantly more sensitive than the MY09/11 

system, detecting an additional 20 HPV-positive specimens, for a detection rate of 

62.8% and 55.1 %, respectively. The PGMY09/11 protocol has become the HPV 

detection method of choice in many ongoing international epidemiologic studies of HPV 

and cancer, not only because of its high sensitivity and specificity, but also due to the 

availability of a simple line blot system to type samples (Gravitt et al., 1998, Gravitt et al., 

2000; Coutlee et aL, 2002). The use of less sensitive techniques may miss focal HPV 

infections, especially in anatomie sites related to Waldeyer's ring, which would have 

introduced substantial misclassification of exposure status. 
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There is no gold standard to determine HPV infection, and there is not a perfect 

agreement between different detection techniques or within the same technique 

repeated over time. Therefore, it is likely that determination of HPV status by PCR based 

techniques include false positive and false negative results. Determination of HPV status 

in this study suffered from the same limitation. However, some of our results suggest 

that misclassification was not a major concern. Despite the use of different PCR 

protocols in different laboratories, and the different nature of biological materials, there 

was a very good agreement in the detection of HPV DNA between oral exfoliated cells 

and tumour biopsies. Furthermore, there was also a very good agreement between 

detection of HPV 16 DNA and serological response to HPV 16 capsids, despite the fact 

that both techniques were measuring different dimensions of the sa me infection (Le., 

past versus present exposure) at least in most cases, and the combined analysis 

showed that both markers supplemented each other. Any HPV measurement error that 

could have existed in this study is of minor extent, and is more likely to be non 

differential than differential, therefore decreasing and not increasing the magnitude of 

association between HPV infection and oral cancer. 

ln summary, the association found in this investigation between HPV and oral cancer 

seems to be genuine. Selection bias and measurement error are an unlikely explanation 

for the association found between the viral infection and oral cancers, particularly 

tonsillar squamous cell carcinomas. The association seems to be largely independent 

form the influence of smoking and alcohol, the two established causal factors for oral 

cancers. In addition, the association was consistently detected using both PCR and 

serological techniques, which further supports its validity. 
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7. HIGHLIGHTS AND CONCLUSIONS 

The evidence produced by this study, in addition to epidemiological and biological 

evidence from other studies, strongly support an etiological role for HPV infection in the 

development of a substantial proportion of oropharyngeal squamous cell carcinomas, 

especially those tumours related to Waldeyer's ring. The magnitude of association 

between the viral infection and tonsillar tumours is comparable to that of smoking and 

head and neck cancers. 

The route of transmission for oral HPV infection remains controversial. Sorne evidence 

points to sexual behaviour as the main route, though the association with oral cancer is 

rather weak, and much lower than the association between markers of sexual activity 

and cervical cancer. 

Several other gaps in knowledge remain, such as the potential interaction between HPV 

and certain genetic polymorphisms, as weil as interaction with other factors such as 

tobacco smoking and alcohol drinking. Aiso remains to be investigated the proportion of 

tonsillar cancers etiologically linked to the virus across difterent populations. 

Epidemiological and biological future research should focus in the natural history of oral 

HPV infection, to examine which infections are likely to be transient and clinically 

irrelevant, and which infections are more likely to be involved in the development of 

premalignant and malignant lesions. Biological research should help us to better 

understand the molecular mechanisms involved in the carcinogenic process. 
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The evidence linking HPV infection as a determinant of oral cancers not related to 

Waldeyer's ring is far from conclusive. Several studies, including this project, have found 

a relatively weak positive association between the virus and these tumours. Most of 

these studies are cross-sectional (including case-control studies), in which HPV 

exposure is assessed concomitantly with the outcome, a circumstance that cannot rule 

out that the viral infection is more a consequence than a determinant of the disease. In 

addition, the biological evidence is limited, compared to that for oropharyngeal tumours. 

Nevertheless, it is possible that a proportion of non tonsillar oral cancers is etiologically 

linked to HPV, although this proportion is much lower than for carcinomas of the palatine 

and lingual tonsils. 

Future research should focus in the natural history of HPV infection and the 

development of premalignant and malignant lesions of the mouth, to assess which are 

the infections that precede the disease and which ones are associated with its 

progression. 

The prospect of therapeutic and/or preventive HPV vaccines which are currently being 

developed for cervical cancer eventually may be used for prevention of an unknown 

proportion of oral tumours. However "HPV is clearly neither necessary nor sufficient for 

ail tumor production and it must be remembered that much oral squamous cell 

carcinoma is induced by the known risk habits involving tobacco and alcohol" (Scully, 

2002). 
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Appendix 1 

English version of introductory letter for patients 



; Mc Gill 
Department of Oncology 

Letter of Introduction: McGiII University Study of Oral Health 

Dear Patient: 

We would like to describe to vou a new study by a team of physicians and scientists affiliated with this 
hospital and with McGili University. Our team is studying whether infection of the mouth by a group of 
viruses called papillomaviruses may cause certain les ions that could later in life become cancerous 
tumours of the mouth and throat. Parallel studies are being conducted simultaneously in man y hospitals 
in Europe, Asia, and South America, ail of which are coordinated by the World Health Organization. It is 
through the cooperation of these many centres that we will be able to better understand the causes of 
oral cancers, which would allow us to propose methods for preventing them. 

ln order to investigate this we need the participation of patients with oral tumours as weil as of patients 
being treated at this hospital for any other diseases except cancer. You are being approached by your 
doctor because vou belong to one or the other group of patients. Your doctor will briefly describe the 
study to vou but later our nurse will contact Vou again to give further details and to answer any questions 
vou may have. After explaining the study to vou, our nurse will invite Vou to participate by asking Vou to 
sign an informed consent form that contains the same information that is written in this letter of 
introduction. There are no costs to Vou, direct or indirect. Ali the tests will be paid out of research funds 
that our scientific team received to investigate the causes of oral cancer. 

If vou consent, our nurse will collect a sample of cells from your mouth using a soft toothbrush and Vou 
will be asked to perform a mouthwash with saline solution. The fluid that is collected will be taken to the 
laboratory to be tested for abnormal cells and for your own defences against carcinogens. It will also be 
necessary to collect a small blood sample (10 ml or, equivalently, about 2 teaspoons) that will be tested 
for antibodies against papillomaviruses. As vou may already know, vou may feel a mild, temporary 
discomfort during the blood sample collection. Our nurse will also interview Vou to check if vou have one 
or more of the risk factors for cancer of the mouth and throat that we are studying. This interview will have 
questions about family life, lifestyle, and sexual activity, some of which may be of a sensitive nature. 
During the interview vou may refuse to answer any questions with which vou do not feel comfortable. 
Altogether, Vou may have to spend about 30-40 min with our nurse for the interview and for the brief oral 
examination. 

There are no direct personal benefits for vou due to your participation in the study. Sy participating, 
however, Vou will be contributing to our understanding of what causes oral cancers. Our results could 
help us to develop new laboratory tests to diagnose the oral tumours before they become malignant, 
allowing us to cure these lesions. This will help future patients at risk of developing oral cancers. 

The results from the laboratory analyses and the responses Vou give during the interview will be treated 
very confidentially. No names or other information that could identify vou as a patient will be released. Ali 
the data from this study will be analyzed in statistical form only. You may refuse to participate in the study 
now or later, without any negative consequences. Nothing will change in terms of the quality of health 
care that vou are receiving in this hospital. 

Our nurse will be contacting Vou soon. Thank Vou for your cooperation. 

Name of clinicain 
Title 
Head and Neck Oncology, McGili 

Eduardo Franco, PhD 
Professor and Director 
Division of Cancer Epidemiolgy, McGili 



Appendix 2 

English version of the questionnaire 



dd-mm-yyyy 

MULTINATIONAL STUDY OF THE ORAL CAVITY 

1. Identification number 1_1-1 
Country 

1_1 
Centre 

1_1_1_1 
Person number 

The identification number is composed of the values for country, centre and person number. 

Person numbers are consecutive numbers within each centre. 

Initiais of the patient should be written with the identification number on each biological sam pie. 

2. General guidelines 

• The columns should be filled in justified to the right (example: valid 1--,---.;...11<---=21; not valid 1 11 21 /) 
• Leave blank if question is not asked or not applicable . 

• Avoid missing or unknown codes. Insist to get an answer even if it is only an estimation. 

• If you do not succeed in getting an answer or estimation, the columns should be filled in with 9. 

• When "specify" is written, note your answer on the uninterrupted line. 

• For some variables (occupation, ICD code, etc ... ) a coding method is not provided. They will be 

coded by the coordinator after the interview or centrally. Boxes are then in bold italics. 

3. Local codes 

Local code [LC]. They change from one place to another. Please refer to the local study coordinator 

(i.e. interviewer, hospital, town and district, tar level and type of tobacco for cigarettes, cigars ... ). 

Patient's na me .................................................................... . 

Contact address .................................................................. . 

Phone .................................................................................. . 
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Table of contents 

General information 
Page 3: status, hospital, diagnosis 
Page 5: age, sex residence, ethnicity, religion 

Education and occupation 
Page 6: education, occupation 

Smoking and chewing 
Page 7: cigarettes, cigars, pipe smoking 
Page 8: bidi, chewing, tobacco snuffing 

Dietary habits 
Page 9: foods 
Page 10: fat, vitamins 

Drinking habits 
Page 11: alcohol 

Marital and sexual habits 
Page 12 

History of various diseases 
Page 13 

Cancer family history 
Pages 14 & 15: list of ail first degree relatives and spouses 

Oral cavity health 
Pages 16 & 17: oral hygiene 

Examination by interviewer 
Page 18: instructions for collection of exfoliated cells from the mouth 
Page 19: anthropometric measures, oral examination, sample collection 

Examination for precancerous lesions 
Page 20 

For cases only 
Page 21: tumour description 
Page 22: available material 
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MULTINATIONAL STUDY OF THE ORAL CAVITY 

Identification number..................................................................... 1_1_1-1_1-1_1_1_1 1-6 
(to be used on biological specimens) Country C Person n. 

LQL11 7-8 
Country: 

(01) Italy (09) Cuba Centre (C) (for Italy, Spain, India & Argentina): 
(02) Spain (10) Canada 
(03) Switzerland (11) Australia (1) Aviano; (2) Udine; (3) Milan 
(04) Northern Ireland (12) France (1) Barcelona; (2) Granada; (3) Sevi lia 
(05) Poland (14) Sudan (1) Bangalore; (2) Madras; (3) Trivandrum 
(06) India (15) Argentina (1) Porto Alegre; (2) Rio de Janeiro; (3) Sao Paulo 
(07) Pakistan (16) Uruguay 
(08) Brazil 

Person n. = consecutive number, by centre 

A 1 Status: (1) Case; (2) Control ...................................................................................... 1_1 9 

Medical record n. _____________ _ 

A2 Initiais (surname - name) ....................................................................................... 1_1_1 10-11 

A3 Hospital [LC] ........................................................................................................... 1_1_1 12-13 

A4 Department: (1) Medicine 
(2) Surgery 
(3) Ob/Gyn 
(4) Orthopaedic 
(5) Ear, nose, throat 
(6) Dermatology 
(7) Ophthalmology 

(8) Dentistry 
(9) Radiotherapy 

(10) Oncology 
(11) Out-patient 
(12) Other ______ _ 

(specify) 
1_1_1 14-15 

A5 Main diagnosis for being in the hospital ..................................................... ,_,_,_,-,_, 16-19 
(I.C.D.9) 

(for outpatient with only cancer suspicion = 8888) 

A6 Date of hospital admission (or visit) ............................................... 1_1_1-1_1_1-1_1_1 20-25 
Day Month Year 

A7 Interviewer [LC] ................................................................................... ·· .... ····· .. ·····.·····1_1 26 
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Good morning. 

My name is ....................... and first of ail 1 would like to thank you for having accepted to 
participate in this study. We are conducting a study in ... [THE CORRESPONDING 
COUNTRY] and in other countries in order to clarify if certain characteristics and habits of 
men and women are related to certain diseases. For this purpose, we will interview many 
patients attending this and other hospitals. 

If you agree, 1 will ask you several questions and the answers will be recorded on this form. 

1 would like to reassure you that ail that is said during the interview will be strictly 
confidential and that the information collected from several hundreds of people will only be 
used in scientific reports without any personal na me or identifiers being mentioned. 

Any likely benefits of the study for the well-being of the population rely on the accuracy of 
your answers. Therefore, if you do not understand the meaning of any of the questions, 
please don't be afraid to ask. 

At any time you may refuse to continue or to answer specifie questions. In addition to the 
interview, the study includes an examination of your mouth, a collection of some cells and 
a blood sample. 

Can we start now? 
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GENERAL INFORMATION 

81 Date of interview ......................................................................... 1_1_1-1_1_1-1_1_1 27-32 
Day Month Year 

82 8eginning of interview............................................................................. 1_1_11_1_1 33-36 
Hour Min. 

83 Sex: (1) Male; (2) Female ....................................................................................... 1_1 37 

84 Ethnie group: 
(established by 
interviewer) 

(01) White 
(02) 81ack 
(03) Mestizo 

(04) Mulatto 
(05) Indian 
(06) Other _____ _ 

(specify) 
1_1_1 38-39 

85 How old are you? ................................................................................................ 1_1_1 40-41 

86 What is your date of birth? .......................................................... 1_1_1-1_1_1-1_1_1 42-47 
Day Month Year 

87 ln what town or district do you live? [LC] .............................................. 1_'_'_'_'_' 48-52 

88 For how many years have you been living there? ............................................... 1_1_1 53-54 
(If less than a year code 00) 

89 ln what town or district were you born? [LC] .......................................... '_'_1_'_'_' 55-59 

810 What is your (01) Catholic (06) Animist/woodooist 
religion? (02) Muslim (07) Hindu 

(03) Protestant (08) None 
(04) Jewish (09) Other 1_1_1 60-61 
(05) 8uddhist (specify) 

811 (for Canada, Pakistan & Switzerland only): 
Which language is spoken in your fami/y? 

(01) English (06) Punjabi 
(02) French (07) Sindhi 
(03) German (08) Baluchi 
(04) Italian (09) Pashtu 
(05) Urdu (10) Other 1_1_1 62-63 

(specify) 
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EDUCATION AND OCCUPATION 

C1 Did you everattend school? (1) Yes; (2) No ......................................................... 1_1 64 
[if 'no' go to C4] 

C2 For how many years did you go to school? ........................................................... 1_1_1 65-66 

C3 At which age did you stop going to school? .......................................................... 1_1_1 67 -68 

C4 Which is or was your longest occupation? ............................................................ 1_1_' 69-70 

_______________ (specify) 
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Identification number ..................................................................... 1_1_1-1_1-1_1_1_1 1-6 
Country C Person n. 

I~I~I 7-8 

SMOKING ANO CHEWING HABITS 

01 Do you or did you smoke daily for at least one year? ................................................. 1_1 9 
(1) Yes, still; (2) Never; (3) Only in the past [if 'never' go to 06] 

Please describe the periods in your life during which you smoked cigarettes, cigars, 
pipe or bidi, the amounts smoked and other details about the products smoked. Please 
try to summarize the most important changes in your life regarding the amount and 
type of each product. Ignore any changes occurring for short periods (Jess than a year). 

Interviewers: Avoid overlapping years for the same product or type of cigarette (b,c), 
Le. record 30-40, 41-45 rather than 30-40, 40-45. 

02 Do you or did you smoke cigarettes? [if 'no' go to 03] 
Cigarette From To Tobacco Filter Brand Number 
(a) age? age? type (b) (c) perday 

1_1 1_1_1 1_1_1 1_1 1_1 1_' 1_1_1 
1_1_1 1_1_1 1_1 1_1 '-' 1_1_1 
1_1_1 1_1-1 1_1 1_1 '-' 1_1-1 
1_1_1 1_1-1 1_1 1_1 '-' 1_1_1 
1_1_1 1_1-1 1_1 1_1 '-' 1_1-1 

03 Do you or did you smoke cigars? [if 'no' go to 04] 
Cigar From To Brand Number 
(a) age? age? perday 

1_1 1_1_1 1_1-1 '-' 1_1_1 
1_1_1 1_1_1 '-' 1_1_1 
1_1_1 1_1_1 '-' 1_1_1 

04 Do you or did you smoke pipe? [if 'no' go to 05] 
Pipe From To Brand Number 
(a) age? age? perday 
1_1 1_1_1 1_1_1 '-' 1_1-1 

1_1_1 1_1_1 '-' 1_1-1 
1_1_1 1_1_1 '-' 1_1_1 

(a) (1) Yes; (2) No 
(b) (1) Blond; (2) Black; (9) Oon't know 
(c) (1) Filter; (2) Non filter; (9) Oon't know 

10-19 

20-28 

29-37 

38-46 

47-55 

56-63 

64-70 

71-77 

78-85 

86-92 

93-99 
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05 Do you or did you smoke bidi? [if 'no' go to 06] 
Bidi From To Brand 
(a) age? age? 
1_1 1_1_1 1_1_1 

1_1_11_1_1 
1_1_11_1_1 

(a) (1) Yes; (2) No 

06 Have you ever chewed daily tobacco, betel quid, areca nut, pan massala 

Number 
perday ,_, 1_1_1 100-107 ,_, 1_1_1 108-114 ,_, 1_1_1 115-121 

for at least one year? ................................................................................................. 1_1 122 

07 

08 

(1) Yes, still; (2) Never; (3) Only in the past [if 'never' go to 08] 

Please describe the periods in your life in which you chewed and the amounts. 
Please try to sumarize the most important changes in your life regarding the amount 
and type of product. 

Product: (1) Tobacco (4) Areca nut with tobacco 
(2) Betel quid with tobacco (5) Areca nut without tobacco 
(3) betel quid without tobacco (6) Pan massala 

(7) Other (specify) 

Product From age To age? How may times a day? 

1_1 1_1-1 1_1-1 1_1_1 
1_1 1_1_1 1_1_1 1_1_1 
1_1 1_1_1 1_1_1 1_1_1 
1_1 1_1_1 1_1_1 1_1_1 
1_1 1_1_1 1_1_1 1_1_1 
1_1 1_1_1 1_1_1 1_1_1 
1_1 1_1-1 1_1_1 1_1_1 
1_1 1_1_1 1_1-1 1_1-1 

Have you ever snuffed tobacco daily for at least one year? ....................................... 1_1 
(1) Yes, still; (2) Never; (3) Only in the past [if 'never' go to next page] 

Please describe the periods in your life in which you snuffed tobacco and the amounts. 
Please try to summarize the most important changes in your life regarding the amount. 

09 From age? To age? How many times a day? 

1_1-1 
1_1_1 

1_1_1 
1_1_1 

1_1_1 
1_1_1 

123-129 

130-136 

137-143 

144-150 

151-157 

158-164 

165-171 

172-178 

179 

180-185 

186-191 
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Identification number ................................................................... . 1_1_1-1_1-1_1_1_1 1-6 
Country C Person N. 

LJtl~1 7-8 

DIETARY HABITS 

Before you got sick, which was your frequency of consumption of the following foods and beverages? 
Only in season, wh en specified. 

Unit Food item How many times/week? 
(if less than once a week, code 98, 

if not consumed at ail, code 0) 

E1 1 glass Milk 1_1_1 9-10 
E2 1 pot Yoghurt 1_1_1 11-12 

E3 1 serving Bread 1_1_1 13-14 
E4 1 serving Pasta or rice 1_1_1 15-16 
E5 1 serving Maize dishes 1_1_1 17-18 

E6 1 serving Meat 1_1_1 19-20 
E7 1 serving Fish 1_1_1 21-22 
E8 1 serving Ham, salami, sa usages 1_1_1 23-24 
E9 1 Egg 1_1_1 25-26 
E10 1 serving Cheese 1_1_1 27-28 
E11 1 medium Potatoes 1_1_1 29-30 
E12 1 serving Raw green vegetables and salads 1_1_1 31-32 
E13 1 serving Cruciferae (broccoli, cabbage, Brussel sprout) 1_1_1 33-34 
E14 1 medium Carrots 1_1_1 35-36 
E15 1 medium Fresh tomatoes (in season) 1_1_1 37-38 
E16 1 serving Pulses (peas, beans, etc.) 1_1_1 39-40 

E17 1 serving As a summary, how often would you say that you 
eat any kind of vegetables (potatoes excluded)? 1_1_1 41-42 

E18 1 glass Fresh fruit juices 1_1_1 43-44 
E19 1 medium Apples or pears 1_1_1 45-46 
E20 1 medium Citrus fruit (oranges, grapefruit, lemons) (in season) 1_1_1 47-48 
E21 1 medium Bananas 1_1_1 49-50 

E22 1 medium As a summary, how often would you say that you 
eat any kind o(fresh fruit (including fruit salads)? 1_1_1 51-52 

E23 1 slice or cup Cakes and desserts 1_1_1 53-54 



E24 

E25 

Which type of fat do you use predominantly: 
(1) olive oil (4) other seed oils 
(2) palm oil (5) butter 
(3) coconut oil (6) margarine 

(7) no fat at ail 
(8) other animal fat 
(9) don't know 

to season vegetables etc. ? ................................................................... 1_1 55 

for cooking? ......................................................................................... 1_1 56 

E26 ln the last two years, have you been taking vitamin supplements? ......................... 1_1 57 
(1) Yes; (2) No; (9) don't know [if 'no' go to E29] 

E27 How often have you been taking vitamin supplements? .................. : ....................... 1_1 58 
(1) Every day 
(2) At least once a week 
(3) At least once a month 
(4) Occasionally 
(5) Never 

E28 At which age did you start ta king vitamins, as an adult? ...................................... 1_1_1 59-60 

E29 If you remember, can you tell me what was your weight two years ago? ....... 1_1_1_1 61-63 
(kg) 

E30 Gan you tell me what was your weight at age 30? ......................................... 1_1_1_1 64-66 
(kg) 

E31 What is your height? ...................................................................................... 1_1_1_· 1 67 -69 
(cm) 
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Identification number ..................................................................... 1_1_1-1_1-1_1_1_1 1-6 
Country C Person N. 

1~1--.41 7-8 

DRINKING HABITS 

F1 Have you ever drunk aleoholie beverages at least once a month? ............................. 1_1 9 
(1) Yes, still; (2) Never; (3) Only in the past [if 'never' go to next page] 

F2 When do you drink? ................................................................................................... 1_1 10 
(1) with meals; (2) between meals; (3) Both 

Deseribe the periods in your life during whieh you eonsumed aleoholie beverages. 
Please try to summarize the most important changes in your life regarding the amount 
and type of beverage. Ignore any changes oeeurring for short periods (Iess than a year) 
or oeeasional drinking of one specifie beverage. 
Interviewers: Avoid overlapping years for the sa me beverage, 

i.e. record 30-40, 41-45 rather than 30-40, 40-45. 
Ask about each beverage separately. 

F3 Beverage (a) From age? To age? Consumption 
Unit (b) Howmany? Per(c) 

1_1 1_1_1 1_1_1 1_1 1_1_1 1_1 11-19 

1_1 1_1_1 1_1_1 1_1 1_1_1 1-1 20-28 

1_1 1_1_1 1_1_1 1_1 1_1_1 1-1 29-37 

1_1 1_1_1 1_1_1 1_1 1_1_1 1-1 38-46 

1_1 1_1_1 1_1_1 1_1 1_1_1 1_1 47-55 

1_1 1_1_1 1_1_1 1_1 1_1_1 1-1 56-64 

1_1 1_1_1 1_1_1 1_1 1_1_1 1-1 65-73 

1_1 1_1_1 1_1_1 1_1 1_1_1 1_1 74-82 

1_1 1_1_1 1_1_1 1_1 1_1_1 1_1 83-91 

1_1 1_1_1 1_1_1 1_1 1_1_1 1-1 92-100 

1_1 1_1_1 1_1_1 1_1 1_1_1 1-1 101-109 

1_1 1_1_1 1_1_1 1_1 1_1_1 1_1 110-118 

1_1 1_1_1 1_1_1 1_1 1_1_1 1_1 119-127 

1_1 1_1_1 1_1_1 1_1 1_1_1 1_1 128-136 

(a) (1) Wine (b) (1) Sm ail glass (50 ml) c) (1) Day 
(2) Beer & eider (2) Medium glass (100 ml) (2) Week 
(3) Hard liquors (?, 35°) (3) Big glass (250 ml) (3) Month 

(whisky, cognac,vodka, brandy, (4) 1/2 or small bottle (330 ml) 
grappa, marc, gin, caehaca, pinga) (5) Bottle (700-750 ml) 

(4) Aperitif «35°) 
(Martini, porto, sherry, vermouth) 

(5) Others (specify) 



Identification number ...................................................................... 1_1_1-1_1-1_1_1_1 1-6 
Country C Person N. 

I~I~I 7-8 

MARITAL AND SEXUAL HISTORY 

G1 Have you ever been married or living as married? .................................................. 1_1 9 
(1) Yes; (2) No [if 'no' go to G7] 

G2 Are you still married or living as married? ............................................................... 1_1 10 
(1) Yes; (2) Separated/divorced; (3) Widowed 

G3 How many times have you been married or living as married? ........................... 1_1_1 11-12 

G4 How old were you at your first marriage or when you first lived as married? ....... 1_1_1 13-14 

G5 For how many years did your last spouse go to school? .................................... 1_1_1 15-16 

G6 Which is or was the longest occupation of your last spouse? ............................. 1_'_' 17 -18 

____________________ (specify) 

G7 How many children have you had, in total? ......................................................... 1_1_1 19-20 

IN CASE THE DETAILED QUESTIONNAIRE ON SEXUAL BEHAVIOUR IS NOT FEASIBLE: 

G8 How many sexual partners have you had in total? ......................................... 1_1_1_1 21-23 
(regular and casual) 

G9 If difficult to answer ................................................................................................... 1_1 24 
(1) 2-5 (4) 21-50 
(2) 6-10 (5) 51-100 
(3) 11-20 (6) more than 100 

ASK G1 0 AND G11 TO MEN ONL Y: 

G10 Out of them, how many were prostitutes? ...................................................... 1_1_1_1 25-27 

G 11 If difficult to answer o •••••••••••••••••••••• • .... ••••••• .. ••••••••••• .. •••••••••• .. ••••••••••••••••••••••••••••• .. ••••• .1_1 28 
(1) 2-5 (4) 21-50 
(2) 6-10 (5) 51-100 
(3) 11-20 (6) more than 100 

G12 Have you ever had oral sex? .................................................................................. 1_1 29 
(your mouth and your partner's genita/s) (1) Yes; (2) No 

G13 How often? ............................................................................................................. 1_1 30 
(1) Occasionally 
(2) Often 
(3) Most of the time 
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HISTORY OF VARIOUS DISEASES 

H1 Have you ever had skin warts? ................................................................................ 1_1 25 
(1) Yes; (2) No; (9) Don't know [if 'no' go to H6] 

If yes, where? (1) Yes; (2) No 

H2 Hands .................................................................................................... 1_1 26 

H3 Feet ....................................................................................................... 1_1 27 

H4 Head & Neck.......................................................................................... 1_1 28 

H5 Other (specify) _____________ ...................... 1_1 29 

H6 During your aduJt life, have you ever had Candida AJbicansithrush? ....................... 1_1 30 

H7 

H8 

H9 

(1) Yes; (2) No; (9) Don't know [if 'no' go to H10] 

If yes, where? (1) Yes; (2) No 

Genitals ................................................................................................. 1_1 31 

Mouth .................................................................................................... 1_1 32 

Other (specify) _____________ ..................... 1_1 33 

H10 Have you ever had herpetic Jesions (coJd sore)? ..................................................... 1_1 34 
(1) Yes; (2) No; (9) Don't know [if 'no' go to H14] 

If yes, where? (1) Yes; (2) No 

H11 Lip ......................................................................................................... 1_1 35 

H12 Genitals ................................................................................................ 1_1 36 

H13 Other (specify) .......................................... 1_1 37 

H14 Have you ever had sexually transmitted diseases? ................................................. 1_1 38 
(1) Yes; (2) No; (9) Don't know [if 'no' go to next page] 

If yes, which ones? (1) Yes; (2) No; (9) Don't know 

H15 Syphilis/ulcer ......................................................................................... 1_1 39 

H 16 Gonorrhoea/discharge ........................................................................... 1_1 40 

H17 Condyloma/warts ................................................................................... 1_1 41 

H18 HIV/AIDS .............................................................................................. 1_1 42 
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CANCER FAMIL Y HISTORY 

1 am now going to ask some questions about your first degree relatives and spouses. 

11 How many brothers have you had? ....................................................................... 1_1_1 43-44 

12 How many sisters have you had? .......................................................................... 1_1_1 45-46 

13 How many daughters have you had? ..................................................................... 1_1_1 47-48 

14 How many sons have you had? ............................................................................. 1_1_1 49-50 

15 How many spouses did you tell me you had? ........................................................ 1_1_1 51-52 

Identification number .................................................................... . 1_1_1-1_1-1_1_1_1 1-6 
Country C Person N. 

I.J!I~I 7-8 
Let us speak about your mother/father/sister/brother/daughter/son/spouse 

16 Is he (she) still alive? 
If yes, how old is he (she)? 
If no, how old was he (she) wh en he (she) died? 

17 Did he (she) develop a malignant tumour? 
If yes, which one? 

how old was he (she)? 

Type of relative: [one relative each line] 
(1) mother (3) sister (5) daughter (7) spouse 
(2) father (4) brother (6) son 

If dead, give Malignant tumour 
age at death; (1) Yes; 

Type of Alive=1 if alive, give (2) No Tumour Age at 
Relative Dead=2 present age (9) Unk. type diagnosis 

(9-10) (11 ) (12) (13-14) (15) (16-19) (20-21 ) 

LQUI 1_1 1_1 1_1_1 I_IICDII_I_'_'-'_' 1_1_1 

I~I 1_1 1_1 1_1_1 I_IICDII_'_'_'-'_' 1_1_1 

I~I 1_1 1_1 1_1_1 I_IICDII_'_'_'-'_' 1_1-1 

'-QUI 1_1 1_1 1_1_1 I_IICDII_'_'_'-'_' 1_1-1 

I~I 1_1 1_1 1_1_1 I_IICDII_'_'_'-'_' 1_1_1 

I~I 1_1 1_1 1_1_1 I_IICDII_'_'_'-'_' 1_1_1 

LQUI 1_1 1_1 1_1_1 I_IICDII_'_'_'-'_' 1_1_1 

I~I 1_1 1_1 1_1_1 I_IICDII_'_'_'-'_' 1_1_1 

I~I 1_1 1_1 1_1_1 I_IICDII_'_'_'-'_' 1_1-1 
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16 

17 

Identification number ..................................................................... 1_1_1-1_1-1_1_1_1 1-6 
Country C Person N. 

I~I~I 7-8 
Let us speak about your mother/father/sister/brother/daughter/son/spouse 

Is he (she) still alive? 
If yes, howold is he (she)? 
If no, how old was he (she) wh en he (she) died? 

Did he (she) develop a malignant tumour? 
If yes, which one? 

how old was he (she)? 

Type of relative: [one relative each line] 
(1) mother (3) sister (5) daughter (7) spouse 
(2) father (4) brother (6) son 

If dead, give Malignant tumour 
age at death; (1) Yes; 

Type of Alive= 1 if alive, give (2) No Tumour Age at 
Relative Dead=2 present age (9) Unk. type diagnosis 

(9-10) (11 ) (12) (13-14) (15) (16-19) (20-21 ) 

L1L~1 1_1 1_1 1_1_1 I_IICDII_'_I_'-'_' 1_1_1 

LiUI 1_1 1_1 1_1_1 I_IICDII_'_'_,-,_, 1_1_1 

LiUI 1_1 1_1 1_1_1 I_IICDII_I_I_I-I_I 1_1_1 

L1UI 1_1 1_1 1_1_1 I_IICDII_'_'_'-I_I 1_1_1 

IJUI 1_1 1_1 1_1_1 I_IICDII_'_'_'-I_I 1_1_1 

L1I2I 1_1 1_1 1_1_1 I_IICDII_I_I_I-'_' 1_1_1 

1J.l..Q1 1_1 1_1 1_1_1 I_IICDII_'_'_I-'_' 1_1_1 

L1UI 1_1 1_1 1_1_1 I_IICDII_'_'_'-I_I 1_1_1 

Ll~1 1_1 1_1 1_1_1 I_IICDII_'_'_,-,_, 1_1_1 

I~I 1_1 1_1 1_1_1 1_· IICDII_'_'_,-,_, 1_1_1 

1.1LQ1 1_1 1_1 1_1_1 I_IICDII_I_I_I-'_' 1_1_1 

IAJ.I 1_1 1_1 1_1_1 I_IICDII_I_'_'-I_I 1_1_1 

1.lLl1 1_1 1_1 1_1_1 I_IICDII_'_'_I-'_' 1_1_1 

I~I 1_1 1_1 1_1_1 I_IICDII_'_'_,-,_, 1_1-1 
I~I 1_1 1_1 1_1_1 I_IICDII_'_'_,-,_, 1_1_1 

1.lL§1 1_1 1_1 1_1_1 I_IICDII_'_'_,-,_, 1_1_1 

I~I 1_1 1_1 1_1_1 I_IICDII_I_I_'-'_' 1_1-1 

I~I 1_1 1_1 1_1_1 I_IICDII_'_I_'-'_' 1_1_1 

I~I 1_1 1_1 1_1_1 I_IICDII_'_'_I-'_' 1_1_1 
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Identification number .................................................................... . 

ORAL CAVITY HEALTH 

1_1_1-1_1-1_1_1_1 1-6 
Country C Person N. 

I~I--II 7-8 

J 1 How often do you brush your teeth? .......................................................................... 1_1 9 
(0) Never (5) 2 times a day 
(1) < once a week (6) 3 times a day 
(2) 1-2 times a week (7) > 3 times a day 
(3) Every other day (8) Not applicable [go to J5] 
(4) Once a day 

J2 What instrument do you use to c/ean your teeth? ............... ........................................ 1_1 10 
(1) Tooth brush 
(2) Finger 
(3) Sticks 
(4) Other (specify) 

J3 What material do you use with the tooth brush? ......................................................... 1_1 11 
(1) Nothing 
(2) Toothpaste 
(3) Other (specify) 

J4 Do your gums bleed when you wash your teeth? ....................................................... 1_1 12 
(1) No; (2) Sometimes; (3) Always or almost always 

J5 How often do you use mouthwashes? ....................................................................... 1_1 13 
(0) Never (5) 2 times a day 
(1) < once a week (6) 3 times a day 
(2) 1-2 times a week (7) > 3 times a day 
(3) Every other day (8) NIA 
(4) Once a day 

J6 Do you wear denture? ................................................................................................ 1_1 14 
(1) Yes; (2) No [if 'no' go to J9] 

J7 Is it a complete denture? ............................................. ............ ... .......................... ..... 1_1 15 
(1) Yes; (2) No 

J8 At which age did you start wearing dentures? ....................................................... 1_1_1 16-17 

J9 During the fast 20 years, how often did you go to see a dentist? ................................ 1_1 18 
(1) Every year (3) < every 5 years 
(2) Every 2-5 years (4) Never 

16 



J10 Before any procedure related to your present disease, have you ever had 
an oral biopsy? ....................................................................................................... 1_1 19 

(1) Yes; (2) No [if 'no' go to J13] 

J 11 At what age? ............................................................................................... 1_1_1 20-21 

J 12 What did it show? ,_, 22 
(specify) 

J 13 Thank you for having agreed to answer this questionnaire. 

J14 End of interview ............................................................................ .. 1_1_11_1_1 23-26 
hour min. 

J 15 Quality of interview (to be established by interviewer) ................................................ 1_1 27 
(1) Unsatisfactory 
(2) Questionnable 
(3) Reliable 
(4) High quality 

J16 Comments 

17 



INSTRUCTIONS FOR COLLECTION OF EXFOLIATED CELLS FROM THE MOUTH 

1. Instruct the patient to perform a mouthwash with water. 

2. Instruct the patient to remove dentures if worn 

3. Perform the brushing of the oral cavity with a soft toothbrush. 

ln control subjects, several (5-10) gentle strokes with the toothbrush will be made on each 

of the following areas: 

Right buccal mucosa (from high to low position) 

Left buccal mucosa (from high to low position) 

Right side of the tongue 

Dorsal side of the tongue 

Left side of the tongue 

Inside of upper and lower lip 

ln cancer cases, in addition to performing a brushing in a similar way as in controls, the 

visible lesion will be brushed with several (5-10) gentle strokes trying to avoid necrotic 

areas. In the case of cancer of the salivary gland, gentle squeezing of the tumour should 

be performed in order to obtain exfoliated cells from the glandular duct. 

4. Immediately after the scraping of the oral mucosa, prepare a smear on a slide labelled 

with the patient's na me and study number. The slide must be immediately fixed in 90% 

alcohol and later stained with the Papanicolaou stain and coverslipped. 

5. After performing the smear, introduce the toothbrush in a conic plastic tube of 50 ml 

containing about 20 ml of Phosphate Buffered Saline (PBS) and shake to detach 

exfoliated cells. 

6. Ask the patients to perform energic washing of the oral cavity, including the throat by 

performing gargarisms, with 10 ml of PBS which will then be poured in the same conic 

tube. 

7. Process the sample according to protoco!. 

18 



19 

EXAMINATION SY INTERVIEWER 

ANTHROPOMETRIC MEASURES (in some centres) 

K1 Weight (kg) .................................................................................................... 1_1_1_1 28-30 

K2 Height (cm) ..................................................................................................... 1_1_1_1 31-33 

ORAL EXAMINATION (to be performed before cell collection) 

K3 Examination: (1) accepted; (2) refused ................................................................... 1_1 34 

K4 Who has made the examination? ............................................................................ 1_1 35 
(1) interviewer; (2) other, specify ______ _ 

K5 Date of oral examination (if different from interview) ................... 1_1_1-1_1_1-1_1_1 36-41 
Day Month Year 

K6 General oral hygiene (e.g. tartar, gingival bleeding, etc.) ......................................... 1_1 42 
(1) Good; (2) Average; (3) Poor 

K7 Missing teeth ............................................................................................................ 1_1 43 
(1) Less than 5; (2) 6-15; (3) 16 or more 

K8 Is there any visible lesion ........................... ; ............................................................. 1_1 44 
(1) No; (2) Yes; (3) Not sure 
If yes, describe ...................................................................................... . 

If tumoral lesion suspected, please refer to the Principal Investigator 

SAMPLE COLLECTION 

• Exfoliated cells from the mouth are to be obtained following the instructions on the previous page 
• 10 ml blood will be provided in a heparinized tube for later processing according to the protocol. 

K9 Exfoliated cells obtained .......................................................................................... 1_1 45 
(1) Yes; (2) Only mouth wash; (3) No 

K10 Slood sam pie obtained: (1) Yes; (2) No ................................................................. 1_1 46 

K11 Date of blood and cell sample collection ...................................... 1_1_1-1_1_1-1_1_1 47-52 
[if different fram interview] Day Month Year 
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PRECANCEROUS LESIONS 

[ONL Y IF A PHYSICIAN CAN PERFORM THE EXAMINATION] 

L1 Examination: (1) Done; (2) Not done ..................................................................... 1_1 53 

Number of les ions 

L2 Lichen planus 1_1 54 

Leukoplakia (i.e. white patch> 5 mm) 
L3 Homogeneous 1_1 55 
L4 Non-homogeneous: ulcerated 1_1 56 
L5 nodular 1_1 57 

L6 Erythroplakia (i.e., red patches) 1_1 58 

L7 Submucous fibrosis 1_1 59 

L8 Cancer 1_1 60 

L9 Other (specify) 1_1 61 

L 10 Name of the physician _____________ _ 

Please annotate location of lesion described above 



Identification number ................. ........ ...... ............... ...................... 1_1_1-1_1-1_1_1_1 1-6 
Country C Person n. 

I~I 7-8 

FOR CASES ONL Y 

[FILL ADDITIONAL SHEETS FOR MULTIPLE SYNCHRONOUS TU MOURS] 

M1 Describe the macroscopic aspect of the tumour(s) .................................................... 1_1 9 
(1) Exophytic (3) Verrucose 
(2) Ulcerative (4) Other 

M2 Topography, according to ICD-O, 1990 ................................................................. 1_1_1 10-11 
[fill in more than one, if cancer overlaps two or more regions] 1_1_1 12-13 

(01) Base oftongue 1_1_1 14-15 
(02) Tongue, other and unspecified 
(03) Gum 
(04) Floor of mouth 
(05) Palate 
(06) Mouth, other and unspecified 
(07) Parotid gland 
(08) Salivary gland, other and unspecified 
(09) Tonsil 
(10) Oropharynx 

M3 Morphology, according to ICD-O, 1990 ___________ ,_,_,_,_,_, 16-20 

___________ (specify) 

M4 Number of diagnostic histological specimen(s) (not to code) 

--------, --------
M5 Date of surgical operation, if performed .......................................... 1_1_1-1_1_1-1_1_1 21-26 

Day Month Year 
Using the following table, classify the tumour by TNM stage 

UICC 

(1) TIS 
(2) T1 
(3) T2 
(4) T3 
(5) T4 

(1) No 
(2) N1 
(3) N2 

(1) Mo 
(2) M1 

Extension of the tumour 

Carcinoma in situ 
Tumour :: 2 cm 
Tumour > 2 :: 4 cm 
Tumour > 4 cm 
Tumour invades adjacent structures 

No Iymph node metastases 
Metastases in single ipsilateral Iymph node :: 3 cm 
Greater or bilateral Iymph node metastases 

No distal metastases 
Distant metastases 

1_1 27 

1_1 28 

1_1 29 
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M6 If formai staging is not available, what is your estimate of the tumour extension? ..... 1_1 30 
(1) Local; (2) Regional; (3) Disseminated 

M7 Are biopsies/tissue available for this study? ............................................................... 1_1 31 
(1) Yes, frozen biopsies 
(2) Yes, other (specify) 
(3) No 

Ma Are histological slides available for this study? ........................................................... 1_1 32 
(1) Yes, punch biopsy 
(2) Yes, surgical biopsy 
(3) No 

PLEASE ENCLOSE A PHOTOCOPY OF HISTOLOGICAL OR CYTOLOGICAL 
DIAGNOSIS, IF AVAILABLE 

Mg Photocopy of histological or cytological diagnosis ...................................................... 1_1 33 
(1) Enclosed 
(2) Not enclosed 
(3) Not available 
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QUESTIONNAIRE ON SEXUAL HABITS - MALES 

To be administered at the end of the interview or given in a separate envelope for completion. 

The next section of the questionnaire deals with issues regarding sexual behaviour and 
lifestyle. As you know, our study is being conducted in many different countries and human 
behaviour in this regard can vary markedly from country to country. However, we have learned 
how important sexual behaviour is in the origin of many diseases. That is why it is considered 
an important topic to study. 

We would be grateful if you would respond to/complete this part of the questionnaire or as 
much of it as you feel you can and remember that results of the study will be anonymised and 
your responses will be dealt with in strictest confidence. 

Thanks again for your help. 

Identification number ................................................................... 1_1_1-1_1-1_1_1_1 1-6 

IJlQI 7-8 

01 Have you ever had sexual intercourse with a woman? .................................... 1_1 9 
(1) Yes; (2) No [if 'no', go to 014] 

02 How old were you when you had sexual intercourse with a woman 
for the tirst time? ........................................................................................ 1_1_1 10-11 

03 How many female sexual partners have you had in your life? ............... 1_1_1_1 12-14 
(regular and casual) 

998 = difficult to answer 

04 If difficult to answer: ........................................................................................ 1_1 15 
(1) 2-5 
(2) 6-10 
(3) 11-20 
(4) 21-50 
(5) 51-100 
(6) more than 100 

05 Have you ever had oral sex with a woman? .................................................... 1_1 16 
(your mouth and a woman's genitals) 

(1) Yes; (2) No [if 'no', go to 08] 

06 How often? ........ : ........................................................................................... 1_1 17 
(1) Occasionally 
(2) Often 
(3) Most of the time 

07 How old were you when you had oral sex with a woman for the first time? 1_1_1 18-19 



08 Have you ever had sex with a female prostitute? ............................................ 1_1 20 
(1) Yes; (2) No [if 'no', go to 014] 

09 How many female prostitutes have you had sexual contact with? ............. 1_1_1 21-22 

010 If difficult to answer: ....................................................................................... 1_1 23 
(1) 2-5 
(2) 6-10 
(3) 11-20 
(4) 21-50 
(5) 51-100 
(6) more than 100 

011 Have you ever had oral sex with a female prostitute? ..................................... 1_1 24 
(your mouth and a woman's genitals) 

(1) Yes; (2) No [if 'no', go to 014] 

012 How often? .................................................................................................... 1_1 25 
(1) Occasionally 
(2) Often 
(3) Most of the time 

013 How old were you when you had oral sex with a female prostitute 
for the first time? ........................................................................................ 1_1_1 26-27 

014 Have you ever had sexual contact with another man? .................................... 1_1 28 
(1) Yes; (2) No [if 'no', go to 028] [if 'no' in 01 & 014, end] 

015 How often? ...................................................................................................... 1_1 29 
(1) Rarely 
(2) Frequently 
(3) Very frequently 

016 How old were you when you had sexual intercourse with a man 
for the first time? ........................................................................................ 1_1_1 30-31 

017 How many male sexual partners have you had in your life? .................. 1_1_1_1 32-34 
(regular and casual) 

998 = difficult to answer 

018 If difficult to answer: ........................................................................................ 1_1 35 
(1) 2-5 
(2) 6-10 
(3) 11-20 
(4) 21-50 
(5) 51-100 
(6) more th an 100 

019 Have you ever had oral sex with a man? ........................................................ 1_1 36 
(your mouth and a man's genitals) 

(1) Yes; (2) No [if 'no', go to 022] 



020 How often? ...................................................................................... .' ............... 1_1 37 
(1) Occasionally 
(2) Often 
(3) Most of the time 

021 How old were you when you had oral sex with a man for the first time? ..... 1_1_1 38-39 

022 Have you ever had sex with a male homosexual or bisexual 
prostitute or transvestite? ............................................................................... 1_1 40 

(1) Yes; (2) No [if 'no', go to 028] 

023 How many male homosexual or bisexual prostitutes or transvestites 
have you had sexual contact with? ............................................................. 1_1_1 41-42 

024 If difficult to answer: ....................................................................................... 1_. 1 43 
(1) 2-5 
(2) 6-10 
(3) 11-20 
(4) 21-50 
(5) 51-100 
(6) more than 100 

025 Have you ever had oral sex with a male homosexual or bisexual 
prostitute or transvestite? ............................................................................... 1_1 44 
(your mouth and a man's genitals) 

(1) Yes; (2) No [if 'no', go to 028] 

026 How often? .................................................................................................... 1_1 45 
(1) Occasionally 
(2) Often 
(3) Most of the time 

027 How old were you when you had oral sex with a male homosexual or 
bisexual prostitute or transvestite for the first time? .................................... 1_1_1 46-47 

028 As far as you remember, has any of your sexual partners had: 

genital warts ........................................ (1) Yes; (2) No .............. 1_1 48 

cancer of the cervix [if 'yes' in 01] ...... (1) Yes; (2) No .............. 1_1 49 

cancer of the uterus [if 'yes in 01] ...... (1) Yes; (2) No .............. 1_1 50 

cancer of the anus .............................. (1) Yes; (2) No .............. 1_1 51 

cancer of the penis [if 'yes' in 014].... (1) Yes; (2) No .............. 1_1 52 

AlOS ................................................... (1) Yes; (2) No .............. 1_1 53 

sexually transmitted diseases .............. (1) Yes; (2) No .............. 1_1 54 
(for example gonorrhea, syphilis, 
herpes, chlamydia) 
Specify ......................................... 1_1 55 



QUESTIONNAIRE ON SEXUAL HABITS - FEMALES 

To be administered at the end of the interview or given in a separate envelope for completion. 

The next section of the questionnaire deals with issues regarding sexual behaviour and 
lifestyle. As you know, our study is being conducted in many different countries and human 
behaviour in this regard can vary markedly from country to country. However, we have learned 
how important sexual behaviour is in the origin of many diseases. That is why it is considered 
an important topic to study. 

We would be grateful if you would respond to/complete this part of the questionnaire or as 
much of it as you feel you can and remember that results of the study will be anonymised and 
your responses will be dealt with in strictest confidence. 

Thanks again for your help. 

Identification number ................................................................... 1_1_1-1_1-1_1_1_1 1-6 

1 0191 7 .. 8 

N 1 Have you ever had sexual intercourse with a man? ....................................... 1_1 9 
(1) Yes; (2) No [if 'no' go to N14] 

N2 How old were you when you had sexual intercourse with a man 
for the first time? ........................................................................................ 1_1_1 10-11 

N3 How many male sexual partners have you had in your life? .................. 1_1_1_1 12-14 
(regular and casual) 

998 = difficult to answer 

N4 If difficult to answer: ........................................................................................ 1_1 15 
(1) 2-5 
(2) 6-10 
(3) 11-20 
(4) 21-50 
(5) 51-100 
(6) more than 100 

N5 Have you ever had oral sex with a man? ........................................................ 1_1 16 
(your mouth and a man's genitals) 

(1) Yes; (2) No [if 'no', go to N8] 

N6 How often? ........................ ................... ......................................................... 1_1 17 
(1) Occasionally 
(2) Often 
(3) Most of the time 

N7 How old were you when you had oral sex with a man for the first time? .... 1_1_1 18-19 



N8 Have you ever had sex with a bisexual male? ................................................ 1_1 20 
(1) Yes; (2) No [if 'no', go to N14] 

N9 How many bisexual males have you had sexual contact with? ................. 1_1_1 21-22 

N 1 0 If difficult to answer: ....................................................................................... 1_1 23 
(1) 2-5 
(2) 6-10 
(3) 11-20 
(4) 21-50 
(5) 51-100 
(6) more than 100 

N11 Have you ever had oral sex with a bisexual male? ......................................... 1_1 24 
(your mouth and a man's genitals) 

(1) Yes; (2) No [if 'no', go to N14] 

N12 How often? .................................................................................................... 1_1 25 
(1) Occasionally 
(2) Often 
(3) Most of the time 

N 13 How old were you when you had oral sex with a bisexual male 
for the first time? ........................................................................................ 1_1_1 26-27 

N14 Have you ever had sexual contact with another woman? ............................... 1_1 28 
(1) Yes; (2) No [if 'no', go to N28] [if 'no' in N1 & N14, end] 

N15 How often? ...................................................................................................... 1_1 29 
(1) Rarely 
(2) Frequently 
(3) Very frequently 

N 16 How old were you when you had sexual intercourse with a woman 
for the first time? ........................................................................................ 1_1_1 30-31 

N17 How many female sexual partners have you had in your life? ............... 1_1_1_1 32-34 
(regular and casual) 

998 = difficult to answer 

N18 If difficult to answer: ........................................................................................ 1_1 35 
(1) 2-5 
(2) 6-10 
(3) 11-20 
(4) 21-50 
(5) 51-100 
(6) more than 100 

N 19 Have you ever had oral sex with a woman? ................................................... 1_1 36 
(your mouth and a woman's genitals) 

(1) Yes; (2) No [if 'no', go to N22] 



N20 How often? .................................................................................................... 1_1 37 
(1) Occasionally 
(2) Often 
(3) Most of the time 

N21 How old were you when you had oral sex with a woman for the first time? 1_1_1 38-39 

N22 Have you ever had sex with a female prostitute? ........................................... 1_1 40 
(1) Yes; (2) No [if 'no', go to N28] 

N23 How many female prostitutes have you had sexual contact with? .............. 1_1_1 41-42 

N24 If difficult to answer: ....................................................................................... 1_1 43 
(1) 2-5 
(2) 6-10 
(3) 11-20 
(4) 21-50 
(5) 51-100 
(6) more than 100 

N25 Have you ever had oral sex with a female prostitute? .................................... 1_1 44 
(your mouth and a woman's genitals) 

(1) Yes; (2) No [if 'no', go to N28] 

N26 How often? .................................................................................................... 1_1 45 
(1) Occasionally 
(2) Often 
(3) Most of the time 

N27 How old were you when you had oral sex with a female prostitute 
for the first time? ....................................................................................... 1_1_1 46-47 

N28 As far as you remember, has any of your sexual partners had: 

genital warts ........................................ (1) Yes; (2) No .............. 1_1 48 

cancer of the cervix [if 'yes' in N14] .... (1) Yes; (2) No .............. 1_1 49 

cancer of the uterus [if 'yes' in N14] .... (1) Yes; (2) No .............. 1_1 50 

cancer of the anus ............................... (1) Yes; (2) No .............. 1_1 51 

cancer of the penis [if'yes'inN1] ....... (1)Yes; (2) No .............. 1_1 52 

AIDS .................................................... (1) Yes; (2) No .............. 1_1 53 

sexually transmitted diseases.............. (1) Yes; (2) No .............. 1_1 54 
(for example gonorrhea, syphilis, 
herpes, chlamydia) 
Specify ......................................... 1_1 55 
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Appendix 4 

English version of the informed consent form 

for cases and controls. 



MCGILL UNIVERSITY STUDY OF ORAL HEALTH 

INFORMED CONSENT FORM 

Purpose: 

We are studying whether infection of the oral cavity by papillomaviruses may influence risk of 
tumours of the mouth and throat. To investigate this we need the participation of patients with 
oral tumours. You have been contacted by our nurse because you have been diagnosed with one 
of these lesions in the mou th or throat that we need to investigate further. 

This investigation is being done by clinical and basic scientists at this hospital and at McGill 
University. Similar studies are being conducted simultaneously in man y hospitals in Europe, 
Asia, and South America, aIl of which are coordinated by the World Health Organization. 

What is necessary? 

If you consent, our nurse will collect a sample of cells from your mouth using a soft toothbrush 
and you will be asked to perform a mouthwash with saline solution. The fluid that is collected 
will be taken to the laboratory for a variety of tests to detect abnormal cells and to analyze sorne 
of your own defences against carcinogens. 

We will also ask you to donate a small blood sample (10 ml or, equivalently, about 2 teaspoons) 
that will be tested subsequently for antibodies against papillomaviruses. Your doctor will 
perform a biopsy of your lesion that will be checked for tumour cells. We ask your permission to 
allow us to test the biopsy tissue for signs of infection by human papillomaviruses and for 
mutations in certain genes. 

You will also be interviewed by our nurse who will check if you have one or more of the risk 
factors for cancer of the mouth and throat that we are studying. This interview should take 20-30 
minutes. 

Benefits: 

There are no direct pers on al benefits for you consequent to your participation in the study. By 
participating, however, you will be contributing to our understanding of what causes oral 
cancers. Our results could help us to design new laboratory tests to diagnose the oral tumours 
before they become malignant, allowing us to cure these lesions. This will help future patients at 
risk of developing oral cancers. 

Risks: 

There are no potential risks from participation in the study. The collection of the blood sample 
may cause sorne discomfort, however, and you may have to spend about 30-40 min altogether 
with our nurse for the interview and for the brief oral examination. During the interview you will 
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be asked a number of questions about family life, lifestyle, and sexual activity, sorne of which of 
a sensitive nature. 

Confidentiality: 

The results from the analyses of your blood sample, oral cells, and of the biopsy, as well as the 
responses you gave during the interview will be treated very confidentially. No names or other 
information that could identify you as a patient will be released. All the data from this study will 
be analyzed in statistical form only. 

Your rights: 

You may refuse to participate in the study now or later, without any negative consequences. 
Nothing will change in terms of the quality of he al th care that you are receiving in this hospital. 
During the interview you may also refuse to answer any questions with which you do not feel 
comfortable. 

There are no costs to you, direct or indirect. All the tests will be paid out of research funds that 
our scientific te am received to investigate the causes of oral cancer. 

Additional information: 

If you would like to obtain arlr1;t;,,~nl information about this study you may caU Dr. J. Pintos or 
Dr. E. Duarte at 

Your consent: 

1 understand the general purpose of the study, what will be required of me, and my rights as a 
participant. 1 consent to participate in the study. My participation is voluntary and if 1 agree to 
participate 1 may withdraw my consent and discontinue my participation from the study at any 
time without prejudice or loss of benefits to which 1 am otherwise entitled. 1 understand that my 
participation may be terminated with or without my consent. 

Patient's name: Signature: Date: 

Nurse: Signature: Date: 

INFCONCASES.DOC 



MCGILL UNIVERSITY STUDY OF ORAL HEALTH 

INFORMED CONSENT FORM 

Purpose: 

We are studying whether infection of the oral cavity by papillomaviruses may influence risk of 
tumours of the mouth and throat. To investigate this we need the participation of patients with 
oral tumours as weIl as of patients with any other diseases except cancer, the latter to serve as a 
control group. You have been contacted by our nurse because you could be one of these control 
patients. 

This investigation is being done by clinical and basic scientists at this hospital and at McGill 
University. Similar studies are being conducted simultaneously in man y hospitals in Europe, 
Asia, and South America, aIl of which are coordinated by the World Health Organization. 

What is necessary? 

If you consent, our nurse will collect a sample of cells from your mouth using a soft toothbrush 
and you will be asked to perform a mouthwash with saline solution. The fluid that is collected 
will be taken to the laboratory for a variety of tests to detect abnormal cells and to analyze sorne 
of your own defences against carcinogens. 

We will also ask you to donate a small blood sample (10 ml or, equivalently, about 2 teaspoons) 
that will be tested subsequently for antibodies against papillomaviruses. 

You will also be interviewed by our nurse who will check if you have one or more of the risk 
factors for cancer of the mouth and throat that we are studying. This interview should take 20-30 
minutes. 

Benefits: 

There are no direct personal benefits for you consequent to your participation in the study. By 
participating, however, you will be contributing to our understanding of what causes oral 
cancers. Our results could help us to design new laboratory tests to diagnose oral tumours before 
they become malignant, allowing us to cure these lesions. This will help future patients at risk of 
developing oral cancers. 

Risks: 

There are no potential risks from participation in the study. The collection of the blood sample 
may cause sorne discomfort, however, and you may have to spend about 30-40 min altogether 
with our nurse for the interview and for the brief oral examination. During the interview you will 
be asked a number of questions about family life, lifestyle, and sexual activity, sorne of which of 
a sensitive nature. 
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Confidentiality: 

The results from the analyses of your blood sample and oral celIs, as weIl as the responses you 
gave during the interview will'be treated very confidentialIy. No names or other information that 
could identify you as a patient will be released, AlI the data from this study will be analyzed in 
statistical form only, 

Your rights: 

You may refuse to participate in the study now or later, without any negative consequences. 
Nothing will change in terms of the quality of health care that you are receiving in this hospital. 
During the interview you may also refuse to answer any questions with which you do not feel 
comfortable. 

There are no costs to you, direct or indirect. AlI the tests will be paid out of research funds that 
our scientific team received to investigate the causes of oral cancer. 

Additional information: 

If you would like to obtain additional information about this study you may calI Dr. J. Pintos or 
Dr. E. Duarte at 

Your consent: 

I understand the general purpose of the study, what will be required of me, and my rights as a 
participant. I consent to participate in the study. My participation is voluntary and if I agree to 
participate I may withdraw my.consent and discontinue my participation from the study at any 
time without prejudice or loss of benefits to which I am otherwise entitIed. I understand that my 
participation may be terminated with or without my consent. 

Patient's name: Signature: Date: 

Nurse: Signature: Date: 

INFCONCONTROLS.DOC 


