
Abstract. This study aims to investigate human papilloma
virus (HPV) frequency in Brazilian patients with oral squamous
cell carcinoma (OSCC) in order to establish a clinicopatho-
logical profile. It will also examine the correlation between
patient survival and HPV expression in primary tumors (PTs),
and their matched samples (MSs) of recidives, lymph nodal
metastasis (LNM) or necropsies. Eighty-seven PTs and their
corresponding 87 MSs were tested for HPV infection by poly-
merase chain reaction (PCR) using general and type-specific
HPV primers. The following data were obtained from patient
medical files: primary site, age, gender, tobacco consumption,
histological differentiation, recurrences, metastasis, disease-free
survival (DFS) and overall survival (OS). Of the 87 patients
investigated, 17 (19.5%) were found to have HPV DNA in
their tumors. An investigation of all the paraffin-embedded
specimens revealed the presence of HPV DNA in 18 of the
174 samples (10.4%), 10 (11.5%) from PTs and 8 (9.2%)
from MSs. No virus was detected in the corresponding PT of 7
(8.1%) MSs, and only one patient demonstrated HPV DNA
positivity in both samples. The HPV genotypes 16 and 18 were
detected in 4 (22.2%) and 3 (16.7%) of the positive samples,
respectively. Infection with both genotypes was found in 6
(33.3%) investigated samples, and the HPV genotype was
unidentified in 5 (27.8%) samples. The tongue was the most
prevalent infected anatomical site. We did not find any
significant association between HPV infection and gender, age,
histological differentiation, DFS or OS. A significant number
of HPV samples were positive among non-smoking patients.
Although a possible influence of the virus on tumoral induction
cannot be ruled out, the low frequency of OSCC cases that
contain HPV does not suggest that this virus has the same
etiological influence on patients as tobacco consumption does.

Introduction

Oral squamous cell carcinoma (OSCC) is the sixth most
common malignancy worldwide. The overall survival (OS) has
not changed in recent years, despite extensive research on its
biological and molecular characteristics. The main problems
in the clinical management of this malignancy are the high
incidence of local-regional recurrence and the lack of early
detection (1).

Tobacco and alcohol are well-established risk factors for
OSCC, but it can also develop in individuals who have never
smoked (2). Moreover, only a small proportion of tobacco-
exposed individuals have developed OSCC, and there is an
emerging tumoral population who lack exposure to the men-
tioned risk factors (3,4), suggesting that others factors can
play a role in oral carcinogenesis. 

Over the past 2 decades, the role of high-risk human papil-
loma virus (HPV) has been studied, and data supporting its
role as a causative agent in the development and progression
of a subset of OSCC has been controversial, with considerable
variability in frequency depending on the population studied,
tumor localization, quality of samples and technical resources
utilized for HPV detection (5-7). 

As is the case in cervical and anogenital carcinomas, the
most frequently detected high-risk HPVs in OSCC were the
16 and 18 genotypes (4). High-risk HPV infection tends to be
more persistent, and has been associated with tumoral recur-
rence episodes after surgical therapy in cervical carcinomas,
which affects disease prognosis (8). 

Evidence from several laboratories demonstrates that high-
risk HPVs are involved in the etiology of OSCC. These data
indicate that oral keratinocytes can be transformed with high-
risk HPVs in vitro through mechanisms involving viral onco-
proteins (9,10). Moreover, in some cases the HPV genotype
identified in primary OSCC is maintained in nodal metastases
(11,12).

In several later studies, HPV DNA was detected by
methods such as polymerase chain reaction (PCR), Southern
blotting and in situ hybridization in the sera and tumor tissue
of OSCC patients (5,13), confirming previous data. Nowadays,
PCR is considered the most sensitive method for the detection
of HPV DNA in clinical specimens (14).

In a meta-analysis study including 4680 OSCC samples
from 94 reports, the overall level of HPV prevalence in OSCC
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was 46.5%, in contrast to 10% in normal oral mucosa reported
in 27 analyzed data sets. Moreover, high-risk HPVs were
significantly more likely to be detected in OSCC specimens
than low-risk HPVs (1).

The presence of HPV in OSCC has been investigated in
different populations. Differences among the various popu-
lations were identified, with trends of higher frequencies in
some population groups. In a study performed with a Mexican
population, Ibieta et al found that 42% of their samples were
HPV positive (15). In another investigation, conducted with
Indian patients, Balaram et al found a high prevalence (75%)
and multiplicity of HPV infections (3). Moreover, a 100%
prevalence was found in a mixed Japanese/Chinese population
(16). On the other hand, in a recent study with a Brazilian
population, Rivero and Nunes found the complete absence of
HPV DNA in the 17 fresh and 23 paraffin-embedded tissues
that were evaluated (17).

The purpose of the present study was to investigate the
presence of HPV in a Brazilian population sample of OSCC
patients. Additionally, in cases with positive specimens,
analysis was extended to clinicopathological profile character-
ization and to the correlation between patient survival and the
presence of HPV DNA in primary OSCC tumors and in their
corresponding matched samples (MSs) of recurrences, lymph
nodal metastasis (LNM) and necropsies.

Materials and methods

Patients and samples. This study population is from two
other previous studies, recently performed at our laboratories,
focused on the prognostic factors associated with OSCC
(18,19). Research was conducted on the medical files of
patients with head and neck tumors, the histopathological
diagnosis of OSCC was confirmed and paraffin-embedded
specimens were selected.

The medical files were analyzed and reviewed in order to
collect information concerning the age, gender, primary tumor
site, tobacco exposure, metastasis, tumoral recurrences,
histological grade classification, disease-free survival (DFS)
and OS of the patients.

Following the collection of information from the medical
files, the inclusion criteria for this study were applied, inclu-
ding: a) adequate clinicopathological data; b) availability of
sufficient paraffin-embedded tumor material; c) presence of
oral cavity cancer (including oral tongue, floor of mouth,
gingiva, lips, buccal mucosa, hard palate and retromolar
trigone) (20); d) no previous head and neck cancer; e) no prior
oncological therapy; f) histologically-proven squamous cell
carcinoma; g) a single lesion; h) absence of initial or distant
metastasis. Patients with in situ and/or T4 tumors were
excluded from this study.

Patients were classified as never, current or former daily
(those who had quit for more than 12 months before diagnosis)
tobacco smokers, and whether they smoked cigarettes, a pipe
and/or cigars was taken into consideration (5).

Tumoral recurrence was defined as the occurrence of
another carcinoma <2 cm away from the primary carcinoma
(21). Tumors were classified as well- moderately- or poorly-
differentiated according to the World Health Organization
classification of histological differentiation grade (22). The

DFS was defined as the interval between the beginning of the
treatment and the date of the first recurrence (local recurrence
or metastasis) or last follow-up. The OS was defined as the
interval between the beginning of treatment and the date of
death or the last follow-up.

For the evaluation of possible HPV DNA tumoral persis-
tence, two samples from each patient were investigated:
primary tumor (PT) was selected as the initial sample and
tumoral recurrence, LNM and necropsy occurrences were used
as the corresponding MSs. For the MSs, the selected tumoral
recurrence was taken from the same anatomical region (<2 cm
away), the LNM from the most representative tumoral area
and the necropsy specimens from irresectable tumors. The
paraffin-embedded specimens with the highest tumoral area
were selected for DNA analysis.

After surgical resection, the tumor tissues were routinely
fixed in 4% neutral-buffered formalin, embedded in paraffin
blocks and archived according to institution protocol. Later,
the selected paraffin-embedded specimens were retrieved and
processed to 5-μm thick sections, stained with hematoxylin-
eosin and reviewed by two medical pathologists (A.R.S. and
S.Z.) to confirm the diagnosis and the histological classification
grade.

One hundred and seventy-four paraffin-embedded speci-
mens, 87 PTs and 87 MSs, that corresponded to the biopsy or
surgical resection of 87 patients with histologically-confirmed
primary OSSC were selected from the files of the Department
of Pathology of the Ribeirao Preto School of Medicine General
Hospital, University of Sao Paulo, Brazil, from 1990 to 2002.
These specimens were sliced into 5-μm thick sections and
processed for DNA extraction. To prevent cross-contamination,
the microtome blade was discarded after each block was
sectioned, and the sections from the selected specimens were
transferred to sterile 1.5-ml tubes with tweezers.

The study protocol was integrally approved by the local
Ethics Committee according to HC-FMRP 7327/ 2004 process.

DNA isolation and internal control amplification. DNA was
isolated from formalin-fixed paraffin-embedded tissue
specimens with a Promega Tissue Kit according to the
manufacturer's instructions (MagneSil® Genomic, Fixed Tissue
System, Promega Corp., Madison, WI, USA). The DNA
solutions were stored at -20˚C.

DNA integrity and the absence of PCR inhibitors were
verified by the amplification of a 110-bp fragment of the
ubiquitous human ß-globin gene (23). The primers were PC03
(5'-ACACAACTGTGTTCACTAGC-3') and PC04 (5'-CAA
CTTCATCCACGTTCACC-3') (Bioneer Inc., Daejeon, Korea)
(24). Only samples with a visible ß-globin band were included
in this study. When a sample was negative for ß-globin, an
additional section was taken from the block and re-analyzed.
Successful amplification of the ß-globin gene fragment
indicated that the DNA sample was adequate for HPV DNA
analysis.

HPV DNA detection. We utilized the GP5+/GP6+ (Bioneer Inc.)
consensus general primer pair to amplify a 150-bp fragment
from the L1 gene of general HPV types (GP5+, 5'-TTTGTTA
CTGTGGTAGATACTAC-3'; GP6+, 5'-GAAAAATAAACT
GTAAATCATATTC-3') (25).
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PCR was then performed on the HPV-positive DNA
samples, to determine if they contained genotypes 16 and 18,
using specific primers targeting ~100 bp in the E7 ORF:
HPV-16E7.667 (5'-GATGAAATAGATGGTCCAGC-3'),
HPV-16E7.774 (5'-GCTTTGTACGCACAACCGAAGC-3'),
HPV-18E7.696 (5'-AAGAAAACGATGAAATAGATG
GA-3') and HPV-18E7.799 (5'-GGCTTCACACTTACAAC
ACA-3') (Bioneer Inc.) (26).

Polymerase chain reaction. Amplifications of general HPV
genotypes and ß-globin DNA were done in the same reaction.
A PCR test was performed on each microtube, which con-
tained 5 μl of extracted genomic DNA and the addition of a
mixture reaction containing 12.5 μl PCR Master Mix®

(Promega Corp.), 1.2 μl PC03/PC04 primer, 4.3 μl GP5+/GP6+

primer and 2.0 μl sterile water, for a total volume of 25 μl, and
one mineral oil drop added to the surface of the mixture. The
primers were added to a final concentration of 50 μM. In the
detection of specific HPV subtypes, the PCR mixture contained
5 μl DNA sample, 12.5 μl PCR Master Mix (Promega Corp.),
2 μl HPV-16E7 or HPV-18E7 primers and 5.5 μl sterile water.

For HPV general and specific genotype detection, PCR was
performed with forty amplification cycles in a thermocycler
(PTC-100™, MJ Research, Watertown, MASS, USA) as
follows: 1 cycle at 95˚C x 5 min for initial denaturation,
annealing at 53˚C x 2 min, chain elongation at 72˚C x 2 min,
and 39 subsequent cycles at 94˚C x 1 min for denaturation,
annealing at 51˚C x 2 min and chain elongation at 72˚C x
2 min. A final extension of 72˚C for 10 min followed the last

cycle. As a positive control for the PCR protocol of HPV-16
and HPV-18 genotypes, serial 1:10 dilutions with 5 μl SiHa
and HeLa culture cells was performed in each experiment. For
general HPV detection, a dilution mixture with both positive
controls was realized. Positive controls always produced
amplimers of the correct size. As a negative control, sterile
water was utilized in place of the 5-μl DNA sample. To avoid
false-positive results, all known precautions to avoid a PCR
product carry-over and sample-to-sample contamination were
rigorously carried out. Different steps of the PCR procedure
were performed in separate rooms with different pipettes.
None of the negative control samples were positive in any of
the HPV assays.

DNA analysis. To characterize the amplified products, the
samples were analyzed by electrophoresis in vertical gels of
8% non-denaturing polyacrylamide. They were subjected to
electrophoretic conditions of 200 mA constantly for a 2-h
period, and were stained with AgNO3 according to the method
reported by Bettini et al (26). A 50-bp DNA ladder (Biotools,
B&M Labs, Madrid, Spain) was used as size marker.

Statistical analysis. GraphPad Prism 4.0 for Windows
(GraphPad Software, San Diego, CA, USA) was used for all
statistical analyses. Descriptive statistics were used to
summarize the study data. The χ2 test was performed for
statistical comparisons of the categorical variables between
groups. Kaplan-Meier curves were used for the graphical
representation of survival and the log-rank test was used to

MOLECULAR MEDICINE REPORTS  1:  123-129,  2008 125

Table I. Demographics and clinical features according to tumor localization of the studied Brazilian patients with OSCC (%).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Primary site
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Floor Tongue Hard palate Lower lip Othersa Total
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Cases 26 (29.9) 22 (25.3) 17 (19.5) 13 (14.9) 9 (10.4) 87 (100)

Age
≤60 years 21 (80.8) 13 (59.1) 10 (58.8) 6 (46.2) 4 (44.4) 54 (62.1)
≥60 years 5 (40.9) 9 (40.9) 7 (41.2) 7 (53.8) 5 (55.6) 33 (37.9)

Gender
Male 24 (92.3) 16 (72.7) 15 (88.2) 11 (84.6) 7 (77.8) 73 (83.9)
Female 2 (7.7) 6 (27.3) 2 (11.8) 2 (15.4) 2 (22.2) 14 (16.1)

Recurrence
No 13 (50) 8 (36.4) 8 (47.1) 7 (53.9) 4 (44.4) 40 (46)
Yes 13 (50) 14 (63.6) 9 (52.9) 6 (46.1) 5 (55.6) 47 (54)

Metastasis
No 14 (53.9) 15 (68.2) 10 (58.8) 6 (46.1) 5 (55.6) 50 (57.5)
Yes 12 (46.1) 7 (31.8) 7 (41.2) 7 (53.9) 4 (44.4) 37 (42.5)

Death
No 17 (65.4) 11 (50) 11 (64.7) 10 (76.9) 5 (55.6) 54 (62.1)
Yes 9 (34.6) 11 (50) 6 (35.3) 3 (23.1) 4 (44.4) 33 (37.9)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aOthers anatomical sites include the retromolar trigone, buccal mucosa, gingiva and upper lip.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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analyze significant differences in survival curve comparisons
(27). Analysis was computed by comparing the HPV positive
or negative tumors. Survival data were censored for patients
that were alive at the last follow-up. In addition, the survival
data were censored for those patients with no recurrence of
DFS. Statistical significance was defined as a two-tailed
P-value ≤0.05.

Results

Patient age varied between 46-90 years (mean, 59). Clinical
data from the study population are summarized in Table I.

For each patient, two samples were analyzed, one from the
PT and the other from the corresponding MS. The investigated
MS samples consisted of 49 tumoral recurrences, 28 LNMs
and 10 necropsies.

Internal control amplification with ß-globin primers PC03/
PC04 showed amplifiable DNA in all 174 paraffin-embedded
specimens studied. General amplification with the HPV L1
(GP5+/GP6+) consensus primer pair showed the presence of
HPV DNA in 18 of the 174 (10.4%) specimens and in 17 of
the 87 (19.5%) studied patients (Table II). The HPV-positive
control was amplified in all reactions.

There was HPV DNA positivity in 10 of the 87 (11.5%)
PT-analyzed samples. In the MSs, HPV DNA was identified in
8 of 87 (9.2%) paraffin-embedded OSCC specimens; 4 (4.6%)
were tumoral recurrences, 3 (3.5%) LNM and 1 (1.1%)

necropsy. Of the MSs, 7 (8.1%) were without viral detection
in their corresponding PTs, and only one patient demonstrated
HPV DNA positivity in both samples (Table II). The tongue
was the most prevalent anatomical site for HPV DNA posi-
tivity followed by the hard palate, which had 6 (33.3%) and 4
(22.2%) of the 18 positive paraffin-embedded specimens,
respectively.

The presence of HPV-16 and -18 genotypes was detected in
4 (22.2%) and 3 (16.7%) of the 18 OSCC HPV positive-testing
paraffin-embedded specimens, respectively. Both genotypes
were found in 6 (33.3%) samples and the HPV genotype was
not identified in 5 (27.8%) of them (Table II).

The HPV DNA-positive OSCC patients consisted of 13
males and 4 females, with a male-female ratio of 3.25:1.
However, the HPV positivity rate of males was lower than
that of females (17.8 vs. 28.6%). Both the investigated samples
from one female patient were positive (PT and MS), and four
HPV-positive samples from females were located in the tongue
(Table II). However, no significant differences were found
when HPV infection was analyzed according to gender (Fig. 1,
P=0.460) or age (Fig. 2, P=0.418).

Histological differentiation was not influenced by the
presence of HPV DNA (P=0.296, Table III), although the
majority (12-66.7%) of the 18 HPV-positive specimens were
considered histologically well-differentiated (61.1%). HPV-
positive samples were significantly more frequent among non-
smoking patients (P=0.013, Table IV).
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Table II. HPV infection characteristics obtained from the 17 HPV-positive Brazilian patients with OSCC in their two studied
samples.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Differentiationb

–––––––––––––
No. Age Gender Tobacco usea PT MS PT MS
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1 60 F Non-smoker Tonguec Recurrencec W M
2 54 M Smoker Tonguee Recurrenceg W W
3 60 M Smoker Tonguee Recurrenceg W W
4 61 F Non-smoker Tongued Recurrenceg M W
5 90 F Non-smoker Tongued Recurrenceg W W
6 53 M Smoker Floorg Recurrencec W W
7 53 M Non-smoker Floore Recurrenceg M M
8 57 M Smoker Floorg Metastasisf W W
9 46 M Smoker Floorg Metastasise W W

10 62 M Smoker Lower lipe Recurrenceg W W
11 71 M Smoker Lower lipg Metastasisf W W
12 71 F Non-smoker Lower lipg Recurrencec M P
13 59 M Non-smoker Hard palatef Recurrenceg M M
14 57 M Smoker Hard palatef Recurrenceg W M
15 47 M Non-smoker Hard palatee Metastasisg W M
16 50 M Smoker Hard palateg Recurrenced W M
17 53 M Smoker Retromolarg Necropsyf P P
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
M, male; F, female; PT, primary tumor; MS, matched sample. aAccording to Gillison et al (5). bHistological differentiation according to the
World Health Organization classification (22): W, well; M, moderately; P, poor. cPositive for HPV-16; dpositive for HPV-18; epositive for
both; fHPV subtype was not identified; gHPV DNA absent.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

123-129  14/12/07  15:47  Page 126



The follow-up period ranged from 6 to 118 months
(median 20). There were 33 (37.9%) deaths, 9 in HPV-positive
and 24 in HPV-negative patients. The median DFS was 13
months and the 5-year OS 28.6%. In Kaplan-Meier analyses,
even though HPV-negative patients had better survival in the
OS and DFS curves, no significant results were found in the
survival curve comparisons (OS, P=0.859; DFS, P=0.254).
HPV-negative patients had a 37-month median survival and a
5-year OS of 29.9%. For HPV-positive patients, median
survival was 35 months and 5-year OS 28.5%. Curves for OS
and DFS according to HPV DNA status are presented in
Figs. 3 and 4, respectively.

Discussion

The actual prevalence of HPV DNA in OSCC and its role as a
possible oncogenic agent are still controversial. Some authors
have pointed out that the occasional finding of HPV DNA in
OSCC specimens might not result from viral infection but
rather from an incidental HPV colonization of the oral mucosa,
and that high infection rates with the presence of more than one
HPV genotype could be due to the occurance of opportunistic
and cumulative infection by it and other pathological agents
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Figure 1. Gender distribution of OSCC patients according to HPV infection.

Figure 2. Distribution of OSCC patients according to age and HPV
infection.

Table III. OSCC sample distribution according to histological
differentiation and HPV positivity (%).
–––––––––––––––––––––––––––––––––––––––––––––––––

HPV- HPV+ Total
–––––––––––––––––––––––––––––––––––––––––––––––––
Histological
differentiationa

Well 75 (48.1) 12 (66.7) 87 (50)
Moderately 62 (39.7) 4 (22.2) 66 (37.9)
Poor 19 (12.2) 2 (11.1) 21 (12.1)

Total 156 (100) 18 (100) 174 (100)
–––––––––––––––––––––––––––––––––––––––––––––––––
aHistological differentiation according to the World Health Organi-
zation classification (22).
–––––––––––––––––––––––––––––––––––––––––––––––––

Table IV. Tobacco consumption in OSCC patients according
to HPV status (%).
–––––––––––––––––––––––––––––––––––––––––––––––––

HPV status
–––––––––––––––––––––––––––––––––

HABITa HPV- HPV+ Total
–––––––––––––––––––––––––––––––––––––––––––––––––
Smokers 61 (87.1) 10 (58.8) 71 (81.6)

Non-smokers 9 (12.9) 7 (41.2) 16 (18.4)

Total 70 (100) 17 (100) 87 (100)
–––––––––––––––––––––––––––––––––––––––––––––––––
aAccording to Gillison et al (5).
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 3. Overall survival according to HPV infection in Brazilian OSCC
patients.

Figure 4. Disease-free survival according to HPV infection in Brazilian oral
squamous cell carcinoma patients.
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in the tumoral lesion (28,29). Moreover, high HPV prevalence
rates obtained in some studies may have been influenced by
false-positive results that led to overestimated infection rates
and instigated confusion regarding the etiologic role of HPV in
OSCC (1,17,28).

In the 174 OSCC samples tested in our study, the overall
positivity rate of 18 (10.4%) is very close to the results reported
by Dahlgren et al (7), who studied tongue OSCC (10.9%).
However, their study included mobile and base tongue samples
and, considering only the mobile tongue results, our HPV-
positive rate (22.7 vs. 2.4%) is higher. Our HPV-positive rate
is also higher than results found by Kantola et al (30), who
detected no HPV presence in the 105 (paraffin-embedded)
mobile tongue tumors they analyzed.

Few studies have investigated HPV continuity or reinfec-
tion in the tumoral recurrence, LNM or necropsies samples of
OSCC (11,31). Similar to results reported by Howell and
Gallant (11), we detected HPV-16 in both the PT and MS of
only one OSCC case while, in 7 cases, HPV DNA could only
be detected in the MS and not in the PT. These findings could
suggest that HPV presence is transitory in OSCC progression.

Several reports have proposed a potential role for HPV
genotypes associated with a high risk of cervical cancer in the
malignant transformation of oral mucosa stem cells (32,33).
However, the HPV-16 and -18 individual frequencies we
discovered (22.2 and 16.7%, respectively), as well as the dual
infection frequency (33.3%), were lower than those reported
in other investigations (3,34).

In 5 of the 18 (27.8%) tumoral samples, the HPV genotype
was not identified. Some authors have previously observed that
there is no set of primers that can detect all HPV genotypes,
and that most HPV consensus primers are primarily designed
to detect the HPV genotypes that are common in cervical
samples (35).

Contrary to Cruz et al (36), but in accordance with others
(34,37), the HPV-positive sample distribution showed no
significant difference in histological differentiation grade
classification.

Despite our having the largest number of OSCC male
patients of all the studies that have been conducted, the result
of a higher rate of HPV-positive occurrence in OSCC females
(28.6%) than males has never been seen before. However, this
inverse difference did not reach statistical significance. Most
other investigations also included more males than females,
but had less women with HPV-positive tumors (34,38,39).
Moreover, in contrast to some studies (1,36,37), a significant
HPV prevalence in males or patients less than 60 years old
could not be detected in our investigation.

The association between HPV status and tobacco consum-
ption reached statistical significance, confirming previous
studies that showed HPV infection to be more frequent in
non-smokers (40,41). This may occur due to a protective effect
of the increased keratinization of the normally parakeratinized
mucosal surfaces in smoking patients (42).

Several studies have examined the association between
HPV detection in oral and oropharyngeal squamous cell
carcinomas and patient survival. However, the results of these
investigations have led to different conclusions. A few
studies found that HPV-infected OSCC patients have better
survival than those with HPV-negative tumors (38,39,43).

Ritchie et al described a possible interaction between HPV
infection and gender on survival in oral and oropharyngeal
cancers (39). Due to the small number of HPV-positive
samples in our study, it was not possible to research this
gender association.

We found reduced OS rates and no significant difference
in the survival curves (DFS and OS) of HPV-positive and
-negative samples. Our results demonstrate a smaller discre-
pancy between the 5-year OS rates of HPV-positive and
-negative tumors (28.5 and 29.9%, respectively) than those of
Ritchie et al (39), which indicated a significant difference of 71
and 49% in HPV-positive and -negative tumors, respectively.

The reported frequency of HPV DNA detection varies
considerably between studies. This may be due to variation
in the preservation, preparation and storage of the samples,
different detection methods, distinct study populations and
mixed anatomical areas. In some reports, it is not clear
whether the analyzed samples originate from the oral
(mobile) tongue or from the base of the tongue, which is part
of the oropharynx. Since oropharyngeal tumors have a
different prognosis and are more likely to be HPV positive
than tumors from the oral cavity, tumor localization is a
fundamental survival factor in OSCC studies. This study
addressed the limitations of some previous studies by
focusing only on oral cavity carcinomas.

Many OSCC patients die of second PTs of the upper
aerodigestive tract. Patients with HPV-associated OSCC are
less prone to traditional risk factors, such as tobacco, and it is
less probable that they will develop a second PT, resulting in
a better prognosis for the disease (5,44). The large number of
non-smoking HPV-positive patients as seen in our results,
might explain the better prognosis for patients with HPV
infection. The small number of non-smoking patients with
OSCC makes this research more difficult, resulting in few
studies that describe the possible interaction between smoking
and HPV infection. Additional studies are required to compare
HPV status and survival among non-smokers in order to
further support the notion of a favorable prognosis found in
other studies. We were unable to make this comparison due
to the small number of non-smoking patients.

Although we cannot rule out a possible transient role for
HPV in the induction of OSCC, we think that the occasional
detection of HPV in OSCC resulting from the incidental colo-
nization of OSCC lesions might reflect the true involvement of
HPV in most investigations. We suggest that other methodol-
ogies should be utilized and population studies should be
performed to confirm our results. The few studied OSCC cases
with detectable HPV suggest that this virus does not have the
same etiological influence as tobacco consumption in these
patients. However, a relative HPV contribution to oral carcino-
genesis may occur in a subgroup of patients, mainly in areas
where tobacco use is less common.
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