
Summary
Human papillomavirus (HPV) is a virus often infecting humans. It is often present on skin or mucous 
membranes. These diverse DNA viruses are often linked to many various benign and malignant neoplastic 
lesions. Over 40 types of HPV are transmitted through sexual contact and infect the anogenital region 
which might be secondly transmitted to the oral mucous. Over 150 HPV viruses are defined according to 
the invaded site. Oral papillomas are marked with numbers 6, 7, 11, 16 and 32. Squamous cell papilloma 
is often found in laryngeal epithelial tumor associated with HPV-6 and HPV-11 and also HPV-16 in oral 
squamous cell carcinoma (OSCC). In the last 15 years OSCC has become more common in children and 
young adults. The role of HPV virus causing oral squamous cell carcinomas is more often realized, but 
people’s lack of knowledge and risky sexual behavior is still the main factor in growing HPV infections.
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IntroductIon

The oral cavity is a specific part of the human body. Because 
of its architecture and localization often many lesions and 
pathological changes can be diagnosed. Quite often the oral 
cavity is the first place of manifesting general diseases, such 
as leukemia or diabetes.  

Because of dangerous sexual behavior HPV infection might 
spread to the oral cavity and oropharyngeal regions. Sexu-

ally transmitted infections (STI) are related to HPV infec-
tions. Schwartz et al. reported that increasing number of 
sexual partners, young age and a history of genital warts 
are related to higher prevalence of transmission of HPV 
positive head and neck squamous cell carcinoma (HNSCC) 
in oral and oropharyngeal regions [47]. Studies performed 
by Mork et al. show that higher exposure to HPV-16 dra-
matically increases risk of squamous cell carcinoma (SCC) 
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[38]. Many authors worldwide are studying the nature of 
HPV virus and its relation to oral SCC.

HPV virus can be present in healthy people, despite age, 
gender or other factors. It is also worth noting that syn-
dromes and diseases with less or lack of immunodeficien-
cies are also considered to be related not only to HPV 
infections, but also HSV (herpes simplex virus), EBV (Ep-
stein-Barr virus) and others.

HPV virus is also related to human immunodeficiency 
virus (HIV) [14]. Beachler et al. performed a study on 379 
HIV-positive and 266 at-risk HIV-negative individuals and 
tested for 36 types of HPV DNA with PGMY09/11 (prima-
ry PCR, polymerase chain reaction) primers and reverse 
line blot hybridization [3]. Studies showed that oral HPV 
prevalence was higher in HIV-positive individuals. It may 
depend on the stage of HIV infection. During those stud-
ies the authors found that oral HPV-16 was the most com-
monly discovered, and more often in HIV-negative (16%) 
than HIV-positive participants (8%). In a cross-sectional 
study the most common detected oncogenic HPV was 
16, 59 and 33, and non-oncogenic was HPV: 55, 62 and 53 
types. This relation may differ in geographical regions 
and cultural findings. Individual habits should also be 
considered.

Studies performed by Gillison et al. on 5579 participants in 
the USA showed that HPV-16 prevalence was 1.0% and oral 
HPV was 6.9% [15]. During studies a 30-second oral rinse 
and gargle with mouth wash was used. HPV was detected 
using PCR (polymerase chain reaction) and type-specific 
hybridization. HPV prevalence was higher among men 
than women aged 50 to 64 years old. Another important 
issue is that HPV infection was more common in sexually 
experienced individuals than among sexually inexperi-
enced. Therefore patient’s age, number of partners and 
sexual experience are among the main factors responsible 
for HPV infections related to sexual transmission. Never-
theless, uneducated young people are still considered the 
high-risk group [6,58].

Tobacco and alcohol along with HPV are related to head 
and neck squamous-cell carcinomas (HNSCC). A synergistic 
effect that might occur after combining both factors might 
increase the number of HNSCC. The well-known rate of all 
factors may vary depending on region, sexual behaviors or 
might be related to a combination of risk factors. Various 
authors discuss the potential role of HPV, since it cannot 
form an SCC on its own [4].

It seems that not only tobacco and alcohol might be re-
lated to SCC of the oral and oropharyngeal region. Both 
studies from the USA and Europe show that average age 
of sexual debut has decreased while the number of sex-
ual partners has increased over the years. Studies made 
by Agius in 2010 [1] seem to confirm this. Tendencies 
to perform oral sex between men and women vary in 
age, but younger and middle-aged both men and women 
seem to have over 45% more oral sex than older people 

[18]. HPV infection normally takes more than 10 years to 
progress from simple infection, sexual behavior changes 
to potential malignancy [7,13]. Therefore sexual educa-
tion should take place in younger patients and inform 
about potential threats of having more than one sexual 
partner. Women with cervical HPV infection have high-
er oral HPV prevalence than others, while according to 
Kreimer oral HPV-16 presence is found in 1.3% of healthy 
adults [26].

Kreimer et al. studies performed on 1688 young and 
healthy men aged from 18 to 74 suggest that several types 
of HPV are related to different risk factors [27]. In the study 
Roche Linear Array was used and about 12 types of HPV 
were recognized. Oral HPV-16 was the most commonly de-
tected and was detected in 1.3% of all studied individuals. 
HPV-16 is rarely present in younger ages, and was prob-
ably related to current tobacco use.

HPV-related HNSCC remains not fully described. Occur-
rence and localization of viral infections are still studied. 
Many authors claim that personal life and life style are very 
important factors of HPV-related HNSCC [51,57].

oral Scc

Oral squamous cell carcinoma (OSCC) and nasopharyngeal 
carcinoma (NPC) are commonly related to HPV infection 
and/or EBV virus (Epstein-Barr Virus). Variables of SCC 
might be present in the oral or nasopharyngeal region, 
but not so common at both sites at the same time. Ac-
cording to the newest studies, evidence shows that high-
risk HPV-16 has a specific role in the main cause of oro-
pharyngeal SCC. According to Marur et al., pharyngeal 
tonsils, soft palate and posterior third of the tongue are 
more common for squamous cell carcinoma [35]. More 
than 65% of oropharyngeal cancers are HPV positive, and 
because of that might have better prognosis than those 
that are HPV negative. Oral SCC is on the other hand more 
common on the anterior two thirds of the tongue, mouth 
floor, alveolus, gingiva, hard palate and buccal and labial 
mucosa [9, 31]. Place of occurrence might vary depend-
ing on exposure to risk factors in different anatomical 
parts of the oral cavity. Some studies have shown that 
HPV positive testing may vary in oropharyngeal sites and 
non-oropharyngeal sites [44]. The International Agency 
for Research on Cancer (IARC) concludes that the role of 
HPV in non-pharyngeal HNSCC in the general popula-
tion is less certain. Only lesser HPV influence might be 
correlated with oral cavity SCC [19]. Because of different 
opinions on HPV involvement in OSCC, a conclusion can 
be made that it might be related to occurrence in differ-
ent geographic regions.

In cohort analysis of 47 patients suffering from OSCC per-
formed by Sagredo et al., no HPV genomic DNA was de-
tected [45]. It might be a fact that HPV infection is tempo-
rary and related to malignant and premalignant lesions. 
On the other hand, OSCC was found on the tongue, mouth 
floor, oropharynx, gingiva and buccal mucosa. The authors 
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used a simple method to diagnose, with use of a cytologi-
cal brush swabbed in the oral cavity and use of a single 
kit using the PCR method and targeting the L1 region of 
the viral genome.

HPV virus has many types and sub-types, but mostly HPV-
16 is the most common type of HPV related to OSCC. Other 
sub-types can also be found in the oropharyngeal region.

Oral squamous-cell carcinoma in the mouth floor is related 
to HPV-16. Simonato et al. studies performed on mouth 
floor SCC using nested polymerase chain reaction (nPCR) 
seem to confirm that HPV-DNA is related to OSCC, and was 
presented in 17.2% within 29 paraffin-embedded speci-
mens of mouth floor SCC [49]. All were diagnosed in men 
with clinical stage of III–IV lesions, but due to low presence 
of virus, it seems that it does not have a role on its own 
to induce an SCC, which might lead to a suggestion that 
only all risk factors combined together are related to OSCC. 
Nevertheless, a small amount of patients suffering from 
OSCC do not use either tobacco or alcohol, and tumors are 
with unknown etiology. Studies have shown that patients 
with HPV-DNA-positive tumors have 59% reduction in risk 
of cancer death compared to HPV-DNA-negative tumor 
patients. Moreover, HPV is more common in oropharynx 
SCC during more advanced clinical stages. In our opinion, 
based on the literature HPV could be a potential co-factor 
taking part in OSCC prognosis.

Gillison and Lowy conclude that in addition to alcohol 
and tobacco, HPV is an important agent for some HNSCC 
[17]. Indian research performed by Mondal et al. indicates 
that low levels of mtDNA (mitochondrial DNA, detected 
using PCR study with detection for GSTM1-GSTT1 poly-
morphism) content in tumors related to tobacco-betel 
quid chewing suggest an important marker in diagnos-
ing invasive OSCC [36]. On the other hand, Song reported 
that microRNA in HPV is an important factor of OSCC, and 
microRNA polymorphisms may modify the association 
between HPV-16 and OSCC risk [52]. These findings may 
lead to a conclusion that microRNA may modify the risk 
of HPV-16 related oral SCC in patients with oropharyngeal 
SCC and in never smokers. Only in some cases mostly HPV-
16 might be found in HNSCC. A higher amount of copies 
mostly can be found in the oropharynx region (posterior 
lingual and palatine tonsils) [52]. HPV-associated HNSCC 
are more frequent in non-smoking and in younger patients 
than in HNSCC not associated with HPV [50]. Vargas-Fer-
reira et al. stated that oral SCC is the fifth most common 
cancer type, and tobacco and alcohol are the main etio-
logical factors, but at least 15-20% of all OSCC occurs in 
patients without any risk factors [48, 59]. Some etiology 
of OSCC still remains unknown, but HPV-related infections 
seem to be more related to women or bisexuals [22, 54]. 
Nevertheless, HPV infections are a very important factor 
related to oral SCC. PCR diagnostics should be routinely 
performed in patients with SCC.

Geographic regions and genetic predispositions are con-
sidered as important factors in HPV infections.

Oral cavity cancer in Taiwan is common in middle aged 
men. Huang et al. in a group of 103 patients tried to find 
relations with HPV infection and OSCC. 30.1% of patients 
were positive for HPV infections with HPV-16 in about 
51.6% and HPV-18 in 22.6% [21]. According to studies, HPV-
16 was not related to tumor aggressiveness, risk exposure 
or treatment outcome, but HPV-18 showed statistically 
more cases with second primary cancers (SPC). A very 
important issue is that HPV infections noted by Huang in 
head and neck cancers may be different among anatomi-
cal subsites of diseases and HR-HPV-18 (high-risk) has a 
42.9% potential of occurrence of secondary primary tu-
mors in OSCC.

Studies performed by Chow et al. in a 30-year time frame 
show that in patients younger than 20 years SCC were di-
agnosed in three to fourteen patients [61]. In laryngeal 
tumors more of them were positive for HPV-16, and were 
treated with radical surgical resection with radio- or che-
motherapy. In fewer cases in children EBV virus was pres-
ent. Children receiving bone marrow transplant (BMT) 
developed SCC earlier than those without BMT. Because of 
more cases with nasopharyngeal carcinomas (NPC) found 
in younger women, a potential epidemic should be con-
sidered [29, 40]. Very rare tumors in children are still a 
diagnostic and clinical problem. In patients with any his-
tory of immunosuppression, tumors, radiotherapy or even 
genetic predisposition to malignancies, it is very impor-
tant to perform biopsies early. In younger patients some 
authors claim to have found relations between HPV and 
spinocellular carcinoma of the mouth, although Praetorius 
HPV-DNA research studies on oral spinocellular carcinoma 
(CEC) might suggest some differences [43]. Education of 
children on sexual behavior and early vaccination seems 
to be a rational way of decreasing HPV infections.

The region of head and neck is anatomically different from 
other parts of the human body. Because of the presence 
of many anatomical structures, and also the upper part of 
the digestive and respiratory system a careful examination 
should be performed in order to properly diagnose and 
evaluate this region.

Cancers of the upper aero-digestive tract (UADT) are in-
volved in relation to HPV. Anantharaman et al. in the AR-
CAGE study performed on 1496 cancer patients and 1425 
control group patients tried to associate specific HPV an-
tibodies [2]. HPV-16L1 was most common in oral and oro-
pharyngeal cancer, HPV-16E6 antibodies were present in 
30.2% of oropharyngeal cases and just 0.8% of control sub-
jects. Combined E6 and E7 antibodies seropositivity was 
rare. HPV-18 was associated with oropharyngeal cancer 
and HPV-6 with laryngeal cancer. In the study 47 tumors 
were positive for HPV-DNA, with 93.6% of HPV-16, HPV-31 
4.2%, HPV-33 12.8%, HPV-35 4.2% and HPV-66 2.1%. HPV-
16 E6 antibodies in UADT seem to be an important marker 
in identifying HPV-16 DNA.

Another condition related to HPV infection is recurrent 
respiratory papillomatosis (RRP). HPV-6 and HPV-11 along 
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larynx and/or vocal cords can cause RRP. It is well known 
for many benign growths in the middle and lower part 
of the respiratory tract. According to Larson et al., it is 
present in 0.504 per 100 000 cases [28]. Papillomas tend to 
grow inside the vocal tract slowly, and despite their sur-
gical removal they tend to grow back slowly over a period 
of years. RRP can be fatal because it may cause respira-
tory obstruction. In juveniles RRP is common in children 
under five years of age, and might be related to vertical 
transmission from older parents or family members. RRP 
present in older people is observed from 20-40 years old 
and might be HPV-related non-cervical disease and has not 
been included in a vaccine [11]. HPV vaccines to prevent 
non-cervical HPV-related cancers are still not tested and 
it is not yet confirmed if they are helpful in for example 
HNSCC [16]. 

Patients suffering from HNSCC are at risk of second pri-
mary malignancies (SPM). The most common sites of di-
agnosed SPM are head and neck or lungs and esophagus 
[30]. Studies performed by Morris et al., in the past twenty 
years, suggest that the SPM site for patients with oral cavi-
ty and oropharynx SCC was head and neck, and for patients 
with laryngeal and hypopharyngeal cancer it was the lung 
[39]. Nowadays because of many HPV-related infections, 
risk of SPM related to SCC oropharyngeal is very low in 
any subsites. Despite that, complete surgical evaluation 
of each anatomical region should be performed. The au-
thors used the data from The National Cancer Institute’s 
Surveillance, Epidemiology, and End Results (SEER) from 
years 1975 to 2006, gathering a total of 75 087 occurrences 
of HNSCC. The study shows that SPM risk was highest for 
index hypopharyngeal cancers. The authors hypothesize 
that patients with HPV-associated oropharyngeal SCC may 
have lower SPM risk [53].

Molecular studies performed in HPV virus and its influ-
ence on SCC seem to explain more often the nature of 
the virus, its structure and presence of antibodies. Im-
munohistochemical findings are very important factors 
related to proper treatment. Due to those studies, often 
performed chemotherapy and radiotherapy in SCC can be 
more accurate.

Lopes et al. made an attempt to establish the prevalence 
and relations of HPV-16 and HPV-18 subtypes in oral SCC 
in a study group of 142 using PCR and Q-PCR (type-specific 
quantitative PCR) [33]. During this study two files contain-
ing HPV-16 and two with HPV-18, but only two with HPV-
16 had moderate viral loads with 51 and 91 viral copies 
per cell respectively and were positive for HPV DNA virus. 
Other cases had very low viral loads and lacked HPV DNA 
tumor cells. Because of that, Lopes et al. suggest that on-
cogenic HPV is uncommon in oral SCC, but only high vi-
ral loads were positive by consensus PCR. Because of little 
evidence that high-risk HPV is related to oral SCC, routine 
testing for oral cancers related to HPV is not justified, but 
vaccination against HPV against oropharyngeal cancers 
might show some protection; therefore any protection for 
oral cancers is in vain. Marur et al., on the other hand, em-

phasize that oropharyngeal cancer is distinct with P53 deg-
radation, retinoblastoma RB pathway inactivation and P16 
upregulation, but tobacco-related oropharyngeal cancer 
is characterized by TP53 mutation and downregulation of 
CDKN2A encoding P16 [35]. Therefore HPV-positive HNSCC 
seems to be more responsive to chemotherapy and radia-
tion than HPV-negative disease. P16 could be useful as a 
marker for HPV status, but only after proper patient life 
style evaluation can direct laboratory and immunohisto-
chemical diagnoses be performed.

The molecular profile of HPV-related HNSCC is different 
in HPV positive and negative HNSCC. TP53 protein and E6 
oncoprotein are common with HPV-related HNSCC along 
with high levels of p16 tumor-suppressor protein. In HPV-
negative cases p16 is not fully expressed. Klussmann et al. 
discovered that high prevalence of p16 protein correlates 
strongly with presence of HPV during PCR testing, and is 
evidence of the presence of HPV DNA in a diagnosed tu-
mor [23]. Molecular findings in various studies show that 
despite many findings, HPV virus still has a lot of unknown 
variables. The molecular role of HPV in pathogenesis of 
oropharyngeal squamous-cell carcinoma was investigated 
by D’Souza et al. in a study group consisting of 100 patients 
with newly diagnosed oropharyngeal cancer and 200 con-
trol patients without cancer [8]. Many sex partners, espe-
cially a high amount of oral sex partners, was associated 
with oropharyngeal cancer and was significantly high with 
HPV-16 infection. Any oral infections with any of 37 types 
of HPV were seropositive for the HPV-16 L1 capsid protein. 
This protein was also associated with subjects with a his-
tory of tobacco and alcohol use and among those without 
such history. In addition, tobacco and alcohol seem to be 
the main factors of HNSCC but HPV-16 infection can addi-
tionally lead to it. Increasing cancers of tonsils and tongue 
base are related to increasing sexual practices. Vaccination 
of young boys and girls should lead in future to decrease 
of HPV-16 infections.

In most cases the standard PCR protocol is used in order 
to find and diagnose HPV infection, but other methods 
are also used quite often. Because of methods’ limitations, 
their costs and patient acceptance, not always can better 
diagnostic methods be performed.

Studies by Morbini et al. performed on 56 patients diag-
nosed with head and neck neoplastic and preneoplastic 
lesions suggest high sensitivity of the Genotyping Extra 
assay (SPF10 LiPA), which is a great alternative for rec-
ognizing and identifying viral types of HPV in patients 
with head and neck cancers [37]. Tumor tissues or oral 
exfoliated cells can be used in order to diagnose HPV. The 
authors used buccal scrapes and prepared them for anal-
ysis. DNA HPV assay allows one to detect high-risk (HR), 
low-risk (LR) and unclassified types of HPV. HPV DNA was 
identified in larynx, tongue, oropharynx, mouth floor and 
hypopharynx with overall infection of high-risk HPV be-
ing 96.43%. The study shows that this diagnostic method 
is highly effective in identification and characterization of 
DNA HPV presented in selected cases. HR HPV infections 
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in head and neck can be more precisely diagnosed than 
when using other standard PCR methods. 

All over the world, national research teams are working 
on HPV infection related cancers. From a practical point 
of view, it seems to be a great idea, because of geographi-
cal and cultural differences. 

A Swedish study performed on 160 samples from patients 
diagnosed in 2000-2008 in Stockholm performed by Du 
et al. suggested that HPV-16 is associated with both cer-
vical and tonsillar cancer lesions are variants of amino 
acid sequence of E6 oncoprotein [12]. Diagnosis of tonsil-
lar squamous cell carcinoma (TSCC), cervical cancer (CC) 
and cervical samples (CS) shows that E6 variant R10G in 
HPV-16 was observed in TSCC but not in patients with CC. 
Studies revealed that special variants of HPV-16 especially 
L83V differ geographically but its prevalence is higher in 
TSCC compared to CC and CS. Quite an important factor 
is disease-free survival (DFS), defined as time from date 
of diagnosis to last known occasion that the patient was 
disease-free or the date of disease recurrence. 

Greek studies performed by Kouvousi et al. on 45 patients 
suffering from OSCC revealed that HPV-DNA was detected 
in 11.1% and HR-HPV in 6.7% of OSCC [25]. In 64 cytological 
samples 35 were from tongue, and the lowest number, 3, 
from buccal mucosa, which seems to be in line with WHO 
findings. E6/E7 mRNA expression from HR-HPV types (16, 
18, 31, 33 and 45) was found in 8.9% of samples. Still HPV-16 
is the most commonly found and in this case was present in 
3 out of 5 cases. Protein findings in HPV-related infections 
might lead to discovery of new vaccines. Poljak’s review of 
20 years of human papillomavirus research shows that L2 
protein of HPV-16 at lysine 35 regulates the expression of 
a small ubiquitin-related modifier, which shows the com-
plex interactions between HPV and host cell machinery 
[41]. This might lead to development of treatment focused 
on viral infections and HPV-induced cancers. Still more 
studies are taking place, but at this place lesions of cervi-
cal cancers with high-grade CIN and expression of HPV E7 
are targeted with HPV therapeutic vaccines. Perhaps due 
to this study oral HPV and its cancerous predispositions 
might be cured. 

Oral leukoplakia related to tobacco and alcohol is also re-
lated to HPV infections. In etiology of leukoplakia oth-
er infectious diseases and other irritant factors should 
be considered. The study by Majmumder et al. on XRCCI 
polymorphisms in DNA repair loci might modulate risk of 
tobacco-related leukoplakia and cancer in HPV patients, 
but further studies need to be performed. HPV infections 
significantly increase leukoplakia in HPV non-infected 
individuals [34]. 

Genetic findings and gene therapy related findings are 
still not yet fully used, although their value in success-
ful therapy is very important. Gene expression profiles in 
HPV positive and negative oropharyngeal cancer in 119 
patients with primary OSCC made by Lohavanichbutr et 

al. show that DNA HPV-16 virus was found in 34.5% in all 
studied cases [32]. Higher prevalence of HPV was found 
in oropharyngeal cancer than in oral cavity cancer, and 
no difference between gene expressions in positive and 
negative forms of HPV. Those findings also reported che-
mosensitivity to some chemotherapeutic agents used for 
treatment of HNSCC. Treatment of oropharyngeal cancer 
based on HPV status and efficacy of cisplatin, 5-fluorouracil, 
paclitaxel and irradiation seems to be one way to properly 
manage patients with SCC.

The WHIM syndrome (warts, hypogammaglobulinemia, in-
fections, myelokathexis) seems to be related to OSCC. This 
very rare syndrome is an example of the possibility that 
many diseases might have multi-symptomatic represen-
tation. Cipriani et al. reported WHIM syndrome related to 
HPV SCC in two siblings [5]. WHIM is an autosomal domi-
nant disease related to chemokine receptor CXCR4 muta-
tion, and influences the immune function. Some studies 
have shown that WHIM syndrome might be related to oral 
HPV that would have further risk in OSCC.

I seem that not only standard therapies are accurate in 
threatening viral diseases. In studies performed on mice, 
some authors are researching different possible therapies. 
According to studies performed by Taguchi et al., using 
traditional Japanese herbal medicine, Juzen-taiho-to (JTT) 
and Hochu-ekki-to (HET), with combined Lactobacillus vac-
cine immunized orally in mice, they achieved an adjuvant 
effect on the mucosal type 1 immune responses to human 
HPV E7 [55]. 

concluSIonS

HPV testing for cervical cancer is very common. Testing 
for oral HPV in the oral cavity should be associated with 
HPV-HNSCC, but still no adequate way of testing and diag-
nosis may be found. Many authors claim that standard PCR 
methods are useful, but few cases seem to make the differ-
ence. HPV-16 is well known as a factor strongly related to 
HNSCC, but so far no accurate vaccine or treatment is fully 
known to minimize or reduce its occurrence. So far only 
HPV-16 vaccine on the female genital tract is effective [10, 
24]. Public awareness in patients of HPV and oral cancers is 
increasing slowly. Local dentists and general practitioners 
should inform each patient about dangerous sexual behav-
ior and methods of oral care and regular routine dental 
check-ups. Knowledge and education of patients should 
be an important factor in preventing HPV and other viral 
infections. Oral cancer screening for oral and oropharyn-
geal cancer should be performed regularly, and reduction 
of alcohol and tobacco should be advised [20, 42, 46, 56, 60]. 
Some presented oral diseases or lesions might be corre-
lated with HPV infections; therefore extended and precise 
diagnostics and patient evaluation should be performed. 
Patient’s education, routine check-ups, and promotion of 
safe sexual behaviors should be implemented.



615

Nelke K.H. et al. – Human papillomavirus and its influence on head and neck cancer predisposition

[1] Agius P.A., Pitts M.K., Smith A.M., Mitchell A.: Sexual behaviour 
and related knowledge among a representative sample of secondary 
school students between 1997 and 2008. Aust. N. Z. J. Pub. Health., 
2010; 34: 476-481

[2] Anantharaman D., Gheit T., Waterboer T., Abedi-Ardekani B., Car-
reira C., McKay-Chopin S., Gaborieau V., Marron M., Lagiou P., Ahrens 
W., Holcátová I., Merletti F., Kjaerheim K., Talamini R., Simonato L. et 
al.: Human papillomavirus infections and upper aero-digestive tract 
cancers: The ARCAGE Study. J. Natl. Cancer Inst., 2013; 105: 536-545

[3] Beachler D.C., Weber K.M., Margolick J.B., Strickler H.D., Cran-
ston R.D., Burk R.D., Wiley D.J., Minkoff H., Reddy S., Stammer E.E., 
Gillison M.L., D’Souza G.: Risk factors for oral HPV infection among 
a high prevalence population of HIV-positive and at-risk HIV-ne-
gative adults. Cancer Epidemiol. Biomark. Prev., 2012; 21: 122-133

[4] Campisi G., Giovannelli L.: Controversies surrounding human pa-
pilloma virus infection, head & neck vs oral cancer, implications for 
prophylaxis and treatment. Head Neck Oncol., 2009; 30: 1-8

[5] Cipriani N.A., Blair E., Taxy J.B.: WHIM syndrome and oral squ-
amous cell carcinoma. Oral Surg. Oral Med. Oral Pathol. Oral Radiol 
Endod., 2010; 109: 105-108

[6] D’Souza G., Agrawal Y., Halpern J., Bodison S., Gillison M.L.: Oral 
sexual behaviors associated with prevalent oral human papilloma-
virus infection. J. Infect. Dis., 2009; 199: 1263-1269

[7] D’Souza G., Dempsey A.: The role of HPV in head and neck cancer 
and review of the HPV vaccine. Prev. Med., 2011; 53: 5-11

[8] D’Souza G., Kreimer A.R., Viscidi R., Pawlita M., Fakhry C., Koch 
W.M., Westra W.H., Gillison M.L.: Case-control study of human pa-
pillomavirus and oropharyngeal cancer. N. Engl. J. Med., 2007; 356: 
1944-1956

[9] Dahlgren L., Dahlstrand H.M., Lindquist D., Högmo A., Björnestål 
L., Lindholm J., Lundberg B., Dalianis T., Munck-Wikland E.: Human 
papillomavirus is more common in base of tongue than in mobile 
tongue cancer and is a favorable prognostic factor in base of tongue 
cancer patients. Int. J. Cancer, 2004; 112: 1015-1019

[10] Daley E., DeBate R., Dodd V., Dyer K., Fuhrmann H., Helmy H., 
Smith S.A.: Exploring awareness, attitudes, and perceived role among 
oral health providers regarding HPV-related oral cancers. J. Pub. 
Heal. Dent., 2011; 71: 136-142

[11] De Kok I.M., Habbema J.D., van Rosmalen J., van Ballegooijen 
M.: Would the effect of HPV vaccination on non-cervical HPV-po-
sitive cancers make the difference for its cost-effectiveness? Eur. J. 
Cancer, 2011; 47: 428-435

[12] Du J., Nordfors C., Näsman A., Sobkowiak M., Romanitan M., Da-
lianis T., Ramqvist T.: Human papillomavirus (HPV) 16 E6 variants in 
tonsillar cancer in comparison to those in cervical cancer in Stoc-
kholm, Sweden. PLoS One, 2012; 7: e36239

[13] Fakhry C., D’souza G., Sugar E., Weber K., Goshu E., Minkoff H., 
Wright R., Seaberg E., Gillison M.: Relationship between prevalent 
oral and cervical human papillomavirus infections in human immu-
nodeficiency virus-positive and-negative women. J. Clin. Microbiol., 
2006; 44: 4479-4485

[14] Frisch M., Biggar R.J., Goedert J.J.: Human papillomavirus-as-
sociated cancers in patients with human immunodeficiency virus 
infection and acquired immunodeficiency syndrome. J. Natl. Cancer 
Inst., 2000; 92: 1500-1510

[15] Gillison M.L., Broutian T., Pickard R.K., Tong Z.Y., Xiao W., Kahle 
L., Graubard B.I., Chaturvedi A.K.: Prevalence of oral HPV infection 
in the United States, 2009-2010. JAMA, 2012; 307: 693-703

[16] Gillison M.L., Chaturvedi A.K., Lowy D.R.: HPV prophylactic vac-
cines and the potential prevention of noncervical cancers in both 
men and women. Cancer, 2008; 113 (10 Suppl.): 3036-3046

[17] Gillison M.L., Lowy D.R.: A causal role for human papillomavirus 
in head and neck cancer. Lancet, 2004; 363: 1488-1489

[18] Herbenick D., Reece M., Schick V., Sanders S.A., Dodge B., For-
tenberry J.D.: Sexual behavior in the United States: results from a 
national probability sample of men and women ages 14-94. J. Sex 
Med., 2010; 7 (Suppl. 5): 255-265

[19] Herrero R., Castellsagué X., Pawlita M., Lissowska J., Kee F., Bala-
ram P., Rajkumar T., Sridhar H., Rose B., Pintos J., Fernández L., Idris 
A., Sánchez M.J., Nieto A., Talamini R. et al.: Human papillomavirus 
and oral cancer: the International Agency for Research on Cancer 
multicenter study. J. Natl. Cancer Inst., 2003; 95: 1772-1783

[20] Huang B., Chen H., Fan M.: A postulated role for human papillo-
mavirus (HPV) in the transformation and proliferation of oral squ-
amous cell carcinoma (OSCC). Med. Hypotheses, 2008; 70: 1041-1043

[21] Huang S.F., Li H.F., Liao C.T., Wang H.M., Chen I.H., Chang J.T., 
Chen Y.J., Cheng A.J.: Association of HPV infections with second 
primary tumors in early-staged oral cavity cancer. Oral Dis., 2012; 
18: 809-815

[22] Jithesh P.V., Risk J.M., Schache A.G., Dhanda J., Lane B., Liloglou 
T., Shaw R.J.: The epigenetic landscape of oral squamous cell carci-
noma. Br. J. Cancer, 2013; 108: 370-379

[23] Klussmann J.P., Gültekin E., Weissenborn S.J., Wieland U., Dries 
V., Dienes H.P., Eckel H.E., Pfister H.J., Fuchs P.G.: Expression of p16 
protein identifies a distinct entity of tonsillar carcinomas associa-
ted with human papillomavirus. Am. J. Pathol., 2003; 162: 747-753

[24] Koutsky L.A., Ault K.A., Wheeler C.M., Brown D.R., Barr E., Alva-
rez F.B., Chiacchierini L.M., Jansen K.U., Proof of Principle Study 
Investigators: A controlled trial of a human papillomavirus type 16 
vaccine. N. Engl. J. Med., 2002; 347: 1645-1651

[25] Kouvousi M., Xesfyngi D., Tsimplaki E., Argyri E., Ioannidou G., 
Ploxorou M., Lazaris A.C., Patsouris E., Panotopoulou E.: Prevalence 
of human papillomavirus in 45 Greek patients with oral cancer. J. 
Oncol., 2013; 2013: 756510

[26] Kreimer A.R., Clifford G.M., Boyle P., Franceschi S.: Human papil-
lomavirus types in head and neck squamous cell carcinomas worl-
dwide: a systematic review. Cancer Epidemiol. Biomar. Prev., 2005; 
14: 467-475

[27] Kreimer A.R., Villa A., Nyitray A.G., Abrahamsen M., Papenfuss 
M., Smith D., Hildesheim A., Villa L.L., Lazcano-Ponce E., Giuliano 
A.R.: The epidemiology of oral HPV infection among a multinatio-
nal sample of healthy men. Cancer Epidemiol. Biomarkers Prev., 
2011; 20: 172-182

[28] Larson D.A., Derkay C.S.: Epidemiology of recurrent respiratory 
papillomatosis. APMIS, 2010; 118: 450-454

[29] Lehtinen M., Kaasila M., Pasanen K., Patama T., Palmroth J., 
Laukkanen P., Pukkala E., Koskela P.: Seroprevalence atlas of infec-
tions with oncogenic and non-oncogenic human papillomavirus in 
Finland in the 1980s and 1990s. Int. J. Cancer, 2006; 119: 2612-2619

[30] León X., Quer M., Diez S., Orús C., López-Pousa A., Burgués J.: 
Second neoplasm in patients with head and neck cancer. Head Neck, 
1999; 21: 204-210

[31] Lewis J.S. Jr, Thorstad W.L., Chernock R.D., Haughey B.H., Yip 
J.H., Zhang Q., El-Mofty S.K.: p16 Positive oropharyngeal squamous 
cell carcinoma: an entity with a favorable prognosis regardless of 
tumor HPV status. Am. J. Surg. Pathol., 2010; 34: 1088-1096

[32] Lohavanichbutr P., Houck J., Fan W., Yueh B., Mendez E., Fu-
tran N., Doody D.R., Upton M.P., Farwell D.G., Schwartz S.M., Zhao 
L.P., Chen C.: Genomewide gene expression profiles of HPV-positi-
ve and HPV-negative oropharyngeal cancer: potential implications 
for treatment choices. Arch. Otolaryngol. Head Neck Surg., 2009; 
135: 180-188

referenceS



616

Postepy Hig Med Dosw (online), 2013; tom 67: 610-616

[33] Lopes V., Murray P., Williams H., Woodman C., Watkinson J., Ro-
binson M.: Squamous cell carcinoma of the oral cavity rarely harbo-
urs oncogenic human papillomavirus. Oral. Oncol., 2011; 47: 698-701

[34] Majumder M., Indra D., Roy P.D., Datta S., Ray J.G., Panda C.K., 
Roy B.: Variant haplotypes at XRCC1 and risk of oral leukoplakia in 
HPV non-infected samples. J. Oral. Pathol. Med., 2009; 38: 174-180

[35] Marur S., D’Souza G., Westra W.H., Forastiere A.A.: HPV-associa-
ted head and neck cancer: a virus-related cancer epidemic. Lancet 
Oncol., 2010; 11: 781-789

[36] Mondal R., Ghosh S.K., Choudhury J.H., Seram A., Sinha K., Hus-
sain M., Laskar R.S., Rabha B., Dey P., Ganguli S., Nathchoudhury 
M., Talukdar F.R., Chaudhuri B., Dhar B.: Mitochondrial DNA copy 
number and risk of oral cancer: A report from northeast India. PLoS 
One, 2013; 3: e57771

[37] Morbini P., Dal Bello B., Alberizzi P., Mannarini L., Mevio N., 
Bertino G., Benazzo M.: Exfoliated cells of the oral mucosa for HPV 
typing by SPF10 in head and neck cancer. J. Virol. Methods, 2012; 
186: 99-103

[38] Mork J., Lie A.K., Glattre E., Hallmans G., Jellum E., Koskela P., 
Møller B., Pukkala E., Schiller J.T., Youngman L., Lehtinen M., Dillner 
J.: Human papillomavirus infection as a risk factor for squamous-cell 
carcinoma of the head and neck. N. Engl. J. Med., 2001; 344: 1125-1131

[39] Morris L.G., Sikora A.G., Patel S.G., Hayes R.B., Ganly I.: Second 
primary cancers after an index head and neck cancer: subsite-spe-
cific trends in the era of human papillomavirus–associated oropha-
ryngeal cancer. J. Clin. Oncol., 2011; 29: 739-746

[40] Pinheiro Rdos S., de França T.R., Ferreira Dde C., Ribeiro C.M., 
Leão J.C., Castro G.F.: Human papillomavirus in the oral cavity of 
children. J. Oral. Pathol. Med., 2011; 40: 121-126

[41] Poljak M.: A review of 20 years of human papillomavirus rese-
arch in Slovenia. Acta Dermatovenerol. Alp. Panonica Adriat., 2011; 
20: 99-112

[42] Prabhu S.R., Wilson D.F.: Human papillomavirus and oral disease 
– emerging evidence: a review. Aust. Dent. J., 2013; 58: 2-10

[43] Praetorius F.: HPV-associated diseases of oral mucosa. Clin. Der-
matol., 1997; 15: 399-413

[44] Ragin C.C., Taioli E.: Survival of squamous cell carcinoma of the 
head and neck in relation to human papillomavirus infection: review 
and meta-analysis. Int. J. Cancer, 2007; 121: 1813-1820

[45] Sagredo A., Ruesga M.T., Aguirregaviria J.I., Aguirre-Urizar J.M.: 
HPV infection and oral carcinogenesis. Med. Oral. Patol. Oral. Cir. 
Bucal., 2010; 1: 1-2

[46] Sanders A.E., Slade G.D., Patton L.L.: National prevalence of oral 
HPV infection and related risk factors in the U.S. adult population. 
Oral Dis., 2012; 18: 430-441

[47] Schwartz S.M., Daling J.R., Doody D.R., Wipf G.C., Carter J.J., Ma-
deleine M.M., Mao E.J., Fitzgibbons E.D., Huang S., Beckmann A.M., 
McDougall J.K., Galloway D.A.: Oral cancer risk in relation to sexual 
history and evidence of human papillomavirus infection. J. Natl. 
Cancer Inst., 1998; 90: 1626-1636

[48] Siebers T.J., Merkx M.A., Slootweg P.J., Melchers W.J., van Cleef 
P., de Wilde P.C.: No high-risk HPV detected in SCC of the oral ton-
gue in the absolute absence of tobacco and alcohol - a case study of 
seven patients. Oral. Maxillofac. Surg., 2008; 12: 185-188

[49] Simonato L.E., Garcia J.F., Sundefeld M.L., Mattar N.J., Veronese 
L.A., Miyahara G.I.: Detection of HPV in mouth floor squamous cell 
carcinoma and its correlation with clinicopathologic variables, risk 
factors and survival. J. Oral. Pathol. Med., 2008; 37: 593-598

[50] Smith E.M., Ritchie J.M., Summersgill K.F., Klussmann J.P., Lee 
J.H., Wang D., Haugen T.H., Turek L.P.: Age, sexual behavior and 
human papillomavirus infection in oral cavity and oropharyngeal 
cancers. Int. J. Cancer, 2004; 108: 766-772

[51] Snow A.N., Laudadio J.: Human papillomavirus detection in 
head and neck squamous cell carcinomas. Adv. Anat. Pathol., 2010; 
17: 394-403

[52] Song X., Sturgis E.M., Liu J., Jin L., Wang Z., Zhang C., Wei Q., 
Li G.: MicroRNA variants increase the risk of HPV-associated squ-
amous cell carcinoma of the oropharynx in never smokers. PLoS 
One, 2013; 8: e56622

[53] Sturgis E.M., Miller R.H.: Second primary malignancies in the 
head and neck cancer patient. Ann. Otol. Rhinol. Laryngol., 1995; 
104: 946-954

[54] Sugiyama M., Bhawal U.K., Kawamura M., Ishioka Y., Shigeishi 
H., Higashikawa K., Kamata N.: Human pillomavirus-16 in oral squ-
amous cell carcinoma: clinical correlates and 5-year survival. Br. J. 
Oral. Maxillofac. Surg., 2007; 45: 116-122

[55] Taguchi A., Kawana K., Yokoyama T., Adachi K., Yamashita A., 
Tomio K., Kojima S., Oda K., Fujii T., Kozuma S.: Adjuvant effect of 
Japanese herbal medicines on the mucosal type 1 immune respon-
ses to human papillomavirus (HPV) E7 in mice immunized orally 
with Lactobacillus-based therapeutic HPV vaccine in a synergistic 
manner. Vacc., 2012; 30: 5368-5372

[56] Termine N., Panzarella V., Falaschini S., Russo A., Matranga D., 
Lo Muzio L., Campisi G.: HPV in oral squamous cell carcinoma vs 
head and neck squamous cell carcinoma biopsies: a meta-analysis 
(1988–2007). Ann. Oncol., 2008; 19: 1681-1690

[57] Torrente M.C., Rodrigo J.P., Haigentz M., Dikkers F.G., Rinaldo A., 
Takes R.P., Olofsson J., Ferlito A.: Human papillomavirus infection in 
laryngeal cancer. Head Neck, 2011; 33: 581-586

[58] Upile T., Jerjes W., Al-Khawalde M., Radhi H., Sudhoff H.: Oral 
sex, cancer and death: sexually transmitted cancers. Head Neck On-
col., 2012; 6: 4-31

[59] Vargas-Ferreira F., Nedel F., Etges A., Gomes A.P., Furuse C., Tar-
quinio S.B.: Etiologic factors associated with oral squamous cell car-
cinoma in non-smokers and non-alcoholic drinkers: a brief approach. 
Braz. Dent. J., 2012; 23: 586-590

[60] Walboomers J.M., Jacobs M.V., Manos M.M., Bosch F.X., Kummer 
J.A., Shah K.V., Snijders P.J., Peto J., Meijer C.J., Muñoz N.: Human papil-
lomavirus is a necessary cause of invasive cervical cancer worldwide. 
J. Pathol., 1999; 189: 12-19

[61] Wo Chow C.W., Tabrizi S.N., Tiedemann K., Waters K.D.: Squamous 
cell carcinomas in children and young adults: a new wave of a very 
rare tumor? J. Pediatr. Surg., 2007; 42: 2035-2039

The authors have no potential conflicts of interest to declare.


