
ORIGINAL ARTICLE

Clinical and Molecular Characterization of Surgically Treated
Oropharynx Squamous Cell Carcinoma Samples

Ana Carolina de Carvalho1
& Matias Eliseo Melendez1 & Cristina da Silva Sabato3

& Edenir Inez Palmero1,3
&

Lidia Maria Rebolho Batista Arantes1 & Cristovam Scapulatempo Neto1,4
& André Lopes Carvalho1,2

Received: 4 January 2018 /Accepted: 7 August 2018 /Published online: 11 August 2018
# Arányi Lajos Foundation 2018

Abstract
A better understanding of the clinical and molecular features of oropharyngeal squamous cell carcinomas (OPSCC) may help in
the development of strategies for a better patient management, improving survival rates. This retrospective study conducted a
clinical and molecular characterization of surgically treated OPSCC samples. Paraffin-embedded samples from a series of cases
were screened for high-risk (HR) human papillomavirus (HPV) infection, methylation of a 5-gene panel, p53 expression, and
TP53 mutation. The study was conducted at Barretos Cancer Hospital. Twenty-five surgically treated OPSCC with available
tissue were included in the study. Samples were classified according to HPV status and molecular features and some of these
characteristics were associated to clinical data. Twenty percent of the cases were HR-HPV positive and 62.5% presented TP53
mutations.DAPK hypermethylation was associated with HPV status (p = 0.023), while methylatedCCNA1was inversely related
to TP53mutations in primary tumors (p = 0.042) and associated with a better disease-free survival (22.3% vs. 100.0%; p = 0.028)
and overall survival (8.0% vs. 100.0%; p = 0.012). The results show differences regarding molecular and clinical characteristics
in the oropharynx cases identified that should be validated in more cases to confirm whether these differences are able to classify
patients according to outcome and help in a more thorough patient management.

Keywords Oropharyngeal cancer . Human papillomavirus . Methylation .Mutation . Prognosis

Introduction

Tobacco smoking and alcohol consumption are traditional-
ly the main risk factors for oral cavity and larynx tumors,
while oncogenic human papillomavirus infections have
been increasingly reported as an etiologic factor for tumors

in the oropharynx [1–5]. Despite recent improvements in
the epidemiology, pathogenesis and treatment modalities
for oropharyngeal squamous cell carcinoma (OPSCC), sur-
vival rates are still unsatisfactory [6, 7].

Human papillomavirus-positive (HPV-positive) OPSCC
are distinct from HPV-negative OPSCC in many settings [1,
8–14]. In short, these tumors mainly affect a younger pop-
ulation comprised by men, with lower rates of smoking and
who commonly present early T stage with advanced nodal
disease [1, 8, 9, 10–12, 15].

Traditional treatment for OPSCC tumors includes chemo
and radiotherapy-based multimodality therapies [16].
Although HPV-positive patients usually present with ad-
vanced stage disease at diagnosis, their prognosis is more
favorable regarding both overall and progression free survival
[13, 17]. However, most of these studies involved patients
undergoing radiotherapy (RT) or chemoradiotherapy (CRT),
while few have addressed surgical therapy [10, 13, 18–21].

Currently efforts are being made to better characterize mo-
lecular alterations in OPSCC tumors associated with their
clinical outcomes so that more tolerable and function-
preserving therapies can be safely administrated to those cases
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that harbor better-outcome characteristics. On the other hand,
traditional intensive treatment can be correctly offered to pa-
tients that will more likely have a worse outcome. Therefore,
this study aims at identifying molecular alterations that better
characterize, together with clinical variables, OPSCC who
underwent surgical resection, according to their outcome.

Materials and Methods

Study Population and DNA Extraction

This retrospective study included formalin-fixed paraffin-em-
bedded (FFPE) oropharynx samples from 25 patients surgi-
cally treated between 2006 and 2012 at the Department of
Head and Neck Surgery of the Barretos Cancer Hospital,
Barretos, SP, Brazil. The inclusion criteria were as follows:
previously untreated patients with primary OPSCC, submitted
to surgery as the first therapeutic modality with curative intent.
The use of these samples was approved by the Barretos
Cancer Hospital Institutional Review Board. Hematoxylin &
eosin sections corresponding to paraffin blocks containing the
samples of interest were reviewed by an expert pathologist to
confirm the diagnosis and for characterization of the cellular
components present in the samples. Scrapings from the region
of tissue identified as having at least 80% of tumor cells were
processed using QIAamp DNA FFPE Tissue Kit (Qiagen,
Germany). DNA was quantified in the Qubit fluorometer
(Invitrogen, Carlsbad, CA) and stored at −20 °C until use.

p16 and p53 Immunoexpression

The status of p16 and p53 proteins expression was assessed by
IHC using anti-p16 (prediluted, monoclonal mouse anti-
human p16INK4A protein, Clone E6H4TM, ready for use,
Ventana, Tucson, AZ, USA) and anti-p53 (monoclonal mouse
anti-human p53 protein, Clone DO-7, dilution 1:1200, Cell
Marque, Rocklin, CA, USA) antibodies in an automated sys-
tem (Ventana Benchmark ULTRA, Tucson, AZ, USA).
Briefly, 4 μm thick sections of formalin-fixed, paraffin-
embedded tumor specimens were deparaffinized by heating
(75 °C for 4 min). Antigen retrieval was achieved by use of
cell conditioning buffer 1 (CC1) at 95 °C for 30 min.
Incubation time for anti-p16 and anti-p53 antibody were re-
spectively 20 and 32 min and the reactions were revealed
using ultraView Universal DAB Detection Kit polymer am-
plification system (Ventana Medical Systems, Tucson, AZ,
USA) according to manufacturer’s instructions. A cervical
adenocarcinoma was used as positive control for p16 staining
and negative controls were obtained by omitting the primary
antibodies. Samples with strong and diffuse nuclear and cyto-
plasmic in more than 75% of the tumor cells were considered
positive for p16 [22, 23]. A colon carcinoma sample with a

diffuse nuclear p53 staining was used as a positive control for
p53 labelling whilst a breast carcinoma sample was used as a
negative control. The slides were evaluated for nuclear expres-
sion, and samples with at least 10% of strong nuclear staining
[24, 34] were considered positive for p53 expression. All scor-
ings were conducted with no knowledge of clinical character-
istics or outcome by a head and neck pathologist (CSN).

TP53 Sequencing

The analysis of TP53 exons 4 to 9 was performed by PCR
followed by direct Sanger sequencing. Briefly, using specific
pairs of primers, the target regions were amplified by PCR
with an initial denaturation at 96 °C for 15 min, followed by
35 cycles of 96 °C denaturation for 45 s, 60 °C for 45 s and
72 °C elongation for 45 s, and a final elongation at 72 °C for
10 min, in a Verity PCR machine (Applied Biosystems,
Carlsbad, California, USA). Amplification of PCR products
was confirmed by agarose gel electrophoresis. Sequencing
PCR was performed using a Big Dye terminator v3.1 cycle
sequencing ready reaction kit (Applied Biosystems) and the
ABI PRISM 3500 xL Genetic Analyzer (Applied
Biosystems). Data were analysed using SeqScape software
v2.7 (Applied Biosystems) and all nucleotide numbers refer
to the wild-type genomic DNA sequence of the TP53 gene as
logged in NCBI (NM_000546.5). All TP53 inactivating var-
iants identified were classified according to their deleterious
consequence and clinical effect using the IARC TP53 data-
base, CLinVar and COSMIC.

Target Gene Selection for Methylation Assays

A total of 5 genes were selected to test for methylation abnor-
malities. The panel included genes with tumor suppressor ac-
tivities and reported as targets for epigenetic silencing in dif-
ferent human tumors, therefore, their silencing could contrib-
ute to the tumorigenesis process. Among these genes are
CCNA1 and DAPK which are involved in cell cycle control
and apoptosis and CDH8, PCDH10 and TIMP3 which are
involved in cell adhesion. Previous studies have shown that
the expression ofCCNA1, DAPK, and TIMP3may be affected
by aberrant promoter methylation in different types of human
malignancies. For CDH8 and PCDH10, our group observed
low expression of these genes in a head and neck cancer cell
line and the restoration of gene expression upon treatment
with 5-azacytidine (unpublished data).

Quantitative Methylation-Specific PCR

Sodium-bisulphite conversion of 1 μg of DNAwas performed
using the EpiTect Bisulphite Kit (Qiagen, Valencia, CA), fol-
lowing the manufacturer’s recommendations. Briefly, incuba-
tion of the target DNA with sodium bisulphite resulted in
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conversion of unmethylated cytosine residues into uracil, leav-
ing the methylated cytosines unchanged. Converted DNAwas
used for quantitative methylation-specific PCR analyses
(qMSP) as previously described [25] in a 7900HT Fast Real-
Time PCR System (Applied Biosystems, Carlsbad, California,
USA). Primers and probes for methylated CCNA1, DAPK and
TIMP3 were obtained from the literature. For CDH8 and
PCDH10, assays were designed in frequently methylated
CpG sites in the TCGA database. The gene ACTB was used
as an internal control. Primer and probe sequences are provided
in Supplementary Table S1. Samples were considered methyl-
atedwhen the amplification of at least two of the triplicates was
detected. The percentage of methylation on each sample
(PMR) was obtained by the equation: mean number of meth-
ylated copies of target gene/average number of copies of
ACTB X 100. A cut-off value of ≥0.1% was used to score
the samples as positive for all genes. Cut-off values were used
to exclude very low-level background readings [26].

Statistical Analysis

Statistical analysis was performed using the software IBM
SPSS Statistics 23 for Windows. Categorical variables were
compared using Fisher’s exact test. Survival curves were cal-
culated by Kaplan-Meier method and differences between
groups were compared using the log-rank test. Disease-free
survival (DFS) was defined as the interval between the date
of initial treatment and the diagnosis of recurrence (local, re-
gional or distant), while the overall survival (OS) interval was
defined as the interval between the date of initial treatment and
the last follow up visit/information or death. For all analysis,
we considered statistical significance when p value ≤0.05.

Results

Patient Characteristics and Clinical Predictors

Clinical and histopathological data of the 25 oropharyngeal
cancer patients enrolled in this study are presented in Table 1.
Most of the patients profiled in this cohort were male (88.0%)
with age ranging from 42 to 77 years (median = 61 years).
Tobacco and alcohol consumption was self-reported by 88.0
and 64.0% of the cases, respectively. The expression of p16
protein, commonly used as a surrogate marker for the infec-
tion of high-risk HPV, was detected in 5/25 samples (20.0%),
which were then considered positive for HPV infection.

The majority of patients had advanced disease at diagnosis
(80.0%). Tumor sites within the oropharynx were as follows:
36.0% in the tonsils and base of tongue and 28.0% in the soft
palate. All patients underwent surgery as the primary modality
of treatment and 84.0% of them underwent postoperative RT:
32.0% had posit ive surgical margins, 64.0% had

compromised dissected lymph nodes and, of these, 62.5%
had extracapsular spread.

The median follow up period for these patients was
26.25 months (range: 1.38 to 72.89 months). Local recurrence
occurred in 6 cases (24.0%), neck lymph node metastases
occurred in 8 cases (32.0%), while 2 patients had distant me-
tastases (8.0%).

Molecular Evaluation of Tumor Samples

A summary of the clinical and molecular data observed in
these samples is presented in Supplementary Table 2.

Sixty-four percent of the samples had methylation of at
least one of the genes evaluated. CCNA1 was found methyl-
ated in 16.0% of the cases, CDH8 in 10.0%, DAPK in 32.0%,
TIMP3 in 24.0% and PCDH10 in 36.0% (Fig. 1).

Table 1 Clinical and pathological data of the patients enrolled in the
study

Characteristic Number of cases (%)

Total patients 25 (100)

Age 59, 61, 42–77 years
Mean, median, range

< 60 years 12 (48)

> 60 years 13 (52)

Tobacco consumption

No 3 (12)

Yes 22 (88)

Alcohol consumption

No 8 (33)

Yes 16 (66)

HPV status

Negative 20 (80)

Positive 5 (20)

Clinical TNM Stage

Initial (I/II) 5 (20)

Advanced (III/IV) 20 (80)

Primary tumor site

Tonsil 9 (36)

Base of tongue 9 (36)

Soft palate 7 (28)

Surgical margins

Negative 16 (67)

Positive 8 (33)

Pathologic lymph node

Negative 3 (16)

Positive 16 (84)

Recurrence

Local 6 (24)

Neck 8 (32)

Distant 2 (8)
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The immunoexpression of p53 was evaluated and 64.0%
(16/25) of the samples harbored strong expression of this pro-
tein. Regarding TP53 mutation status, for 1 of the HPV-
positive samples, it was not possible to get reliable results
since the quality of the DNA was not appropriate. The se-
quencing results showed that 62.5% (15/24) of the samples
had inactivating mutations of this gene. Interestingly, even
though 100.0% of the HPV-positive samples were heavy-
smokers, only 1 case presented inactivating TP53 mutation;
on the other hand, 13 out of 17 (76.5%) HPV-negative/heavy-
smokers were mutated for TP53. Table 2 contains the clinical-
ly significant genetic variants found in the samples evaluated.

Molecular Profile and Clinical Data Associations

The association between clinical and molecular data was eval-
uated (Table 3). All patients with positive surgical margins
had positive p53 expression (p = 0.009); and 90.9% of patients

with clinically T1/T2 tumors had unmethylatedPCDH10 (p =
0.033). Moreover, all patients with extracapsular spread had
unmethylated CDH8 and DAPK (p = 0.036 and p = 0.008, re-
spectively). The presence of CCNA1 methylation showed an
association with a higher disease-free survival (22.3% vs.
100%; p = 0.028; Fig. 2) and an increase in overall survival
(8.0% vs. 100.0%; p = 0.012; Fig. 3).

Next, the association between molecular variables was
evaluated (Table 4). When comparing the methylation data
with the presence of mutation in TP53, 100.0% of the meth-
ylated samples for CCNA1 and 71.4% of the samples methyl-
ated forDAPKwere wild-type for changes in TP53 (p = 0.042
and 0.061, respectively). DAPK methylation was also associ-
ated with HPV status: 80.0% of HPV-positive samples pre-
sented methylatedDAPK (p = 0.023). Moreover, although not
statistically significant, 70.0% of HPV-negative samples and
only 25.0% of HPV-positive samples showed inactivating
changes (p = 0.130). As expected, there was an association
between p53 expression and the presence of TP53 mutation
(80.0% of patients with positive expression of the protein had
TP53 inactivating variants; p = 0.036).

Discussion

More than 400,000 cases of OPSCC are diagnosed each year
worldwide [27], with a world incidence ranging from 7 to 17
cases per 100,000 individuals [27] which is rising in devel-
oped countries, particularly in young males [8].

Over the last 20 years, management of oropharyngeal can-
cer has changed dramatically [28]. Initially, treatment was
based on surgery with or without radiation therapy or primary
radiation therapy without neck dissection with cumulative 5-

Fig. 1 Scatter plot of the percentage of methylated reference (PMR) of
genes CCNA1, CDH8, DAPK, PCDH10 and TIMP3 in the samples
analyzed in the study

Table 2 List and information
about the clinically relevant TP53
variants found in the samples
evaluated this study

Genetic variant Aminoacid change Mutation type ClinVara COSMICb

c.659A >G p.Tyr220Cys Missense Pathogenic Pathogenic
c.742C > T p.Arg248Trp Missense Pathogenic Pathogenic
c.488A > C p.Tyr163Ser Missense n/a Pathogenic
c.451C >A p.Pro151Thr Missense Pathogenic Pathogenic
c.535C > T p.His179Tyr Missense Pathogenic Pathogenic
c.524G >A p.Arg175His Missense Pathogenic Pathogenic
c.559 + 1G >A n/a Intronic (affects splice site) n/a n/a
c.742C > T p.Arg248Trp Missense Pathogenic Pathogenic
c.748C >A p.Pro250Thr Missense n/a Pathogenic
c.743G >A p.Arg248Gln Missense Pathogenic Pathogenic
C.779C > T p.Ser260Phe Missense n/a Pathogenic
c.722C > T p.Ser241Phe Missense Pathogenic Pathogenic
c.748C > T p.Pro250Ser Missense n/a Pathogenic
c.839G >A p.Arg280Lys Missense Pathogenic Pathogenic
c.916C > T p.Arg306Ter Missense Pathogenic Pathogenic
c.832C > T p.Pro278Se Missense n/a Pathogenic

a ClinVar: www.ncbi.nlm.nih.gov/clinvar/
b COSMIC: http://cancer.sanger.ac.uk/cosmic
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year survival rates of 43–47% [29]. However, this approach
was associated with a 23% rate of severe complication in the
primary surgical group and only 6% in the primary radiation
group, leading to the assumption that non-operative therapy
was superior to operative therapy for OPSCC of all stages
[28]. More recently a large meta-analysis comparing primary
radiotherapy with chemoradiotherapy concluded an absolute
survival benefit of 8.1% after 5 years in OPSCC patients treat-
ed with concurrent chemoradiotherapy [30].

Currently, the standard of care of OPSCC is multimodality
therapy based on several factors, including clinical stage, indi-
vidual patient factors such as comorbidities and preferences, and
the institutional preference [31]. Data suggest that most institu-
tions prefer organ-preservation protocols in advanced OPSCC
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Fig. 2 Kaplan–Meier curve comparing the probability of disease-free
survival in patients according to CCNA1 methylation (5-years disease-
free survival: 22.3% vs. 100%; p = 0.028)

Fig. 3 Kaplan–Meier curve comparing the probability of overall survival
in patients according toCCNA1methylation (5-years overall survival: 8%
vs. 100%; = 0.012)
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patients, therefore, the majority of publications have focused on
patients with OPSCC who received definitive RT [31].

The presence of HPV infection in OPSCC is a major deter-
minant in prognosis. Generally, patients with HPV-positive
OPSCC have a better outcome compared with HPV-negative
patients [13, 32–34]. At the clinical level, Ang and collabora-
tors were one of the first to show that tumor HPV status is a
strong and independent prognostic factor for survival among
patients with oropharyngeal cancer [13].

However, this favorable prognosis has been demonstrated
in clinical studies that were focused on patients treated by
primary radiotherapy (RT) or chemoradiotherapy (CRT). Lee
et al., 2016 reported that HPV-positive OPSCC, treated with
surgery followed by radiotherapy with or without chemother-
apy, showed significantly better 5-year disease-free survival
and overall survival than those with HPV-negative tumors.
This could be understood in the same context of the previous
studies showing an improvement in prognosis of HPV-
positive patients treated with primary RT and CRT [13, 33,
35]. Therefore, HPV-positive OPSCC seems to be a distinct
type of cancer with a generally better outcome, irrespective of
the treatment modality chosen [31].

In our study, we could not observe a significant change in
survival rates between HPV-positive and HPV-negative
cases treated with surgery (DFS: 32.4% vs. 40.0%, p =
0.555; OS: 19.3% vs. 30.0%, p = 0.330). However, a posi-
tive association may have been hindered due to the small
number of cases evaluated. Previous studies report that de-
spite the overall good prognosis for HPV-positive OPSCC,
some aggressive subtypes have been described, character-
ized by distant spread [36] and advanced nodal stage [37]
which are associated with a poor outcome [31]. In this co-
hort of HPV-positive cases, 20.0% (1/5) of HPV-positive
had distant metastases, in comparison to only 5.0% (1/20)
of HPV-negative cases; and 80.0% (4/5) versus 55.0% (11/
20) had positive dissected lymph nodes, respectively.
Moreover, in spite of the very small number of positive
cases for HPV (20.0%), all of these cases were heavy-
tobacco smokers. A retrospective analysis by Ang et al.,
stratified 433 patients with OPSCC according to different
risk-of-death and found that HPV-positive/smokers patients
had intermediate survival rates in comparison to HPV-pos-
itive/non-smokers and HPV-negative/smokers [13].
Therefore, even though HPV is a very relevant prognostic
factor in OPSCC, when heavy tobacco smoking is also pres-
ent in this cohort, viral infection status has a smaller influ-
ence in prognosis and a subset of these patients seem to have
an outcome more related to tobacco. Moreover, the results
here presented regarding HPV-status and survival come
from the evaluation of a small number of cases and cannot
be expanded to the entire population of HPV-positive/
smokers patients. More cases should be evaluated in order
to allow a unbiased comparison to previous studies.

Recently, a few studies characterizing the spectrum of mo-
lecular alterations in head and neck tumors by whole-exome
sequencing in a large number of samples were published,
enabling a better understanding of the molecular alterations
that play a role in the head and neck carcinogenesis [38–41]. A
high level of intertumoral heterogeneity was observed and
confirmed the biological complexity commonly associated
with these tumors [42]. The favorable prognosis in HPV-
positive OPSCC seems to be more related to the distinct mo-
lecular pathways implicated in HPV-associated HNSCC,
characterized by the integration of DNA from high-risk
HPV serotypes into the host genome, causing the constitutive
expression of E6 and E7 viral oncogenes and promotion of
DNA replication and degradation of p53 and pRb [42].
Moreover, HPV-driven tumors are more likely to harbor typ-
ically wild type TP53 status and, as a consequence, more
genetic stability. A common finding in HNSCC exome se-
quencing studies is that HPV-negative tumors have a higher
mutation burden than HPV-positive. A study performed a
comprehensive view of genetic alterations in 32 HNSCC
and found obvious differences in the genetic landscapes of
HPV-associated and HPV-negative head and neck squamous
cell carcinomas (HNSCC), with far fewer genes mutated per
tumor in the HPV-associated tumors regardless of smoking
status. Moreover, TP53 mutations were not found in any of
the HPV-associated tumors, while present in 78% of HPV-
negative ones [41]. In the same year, another study performed
whole-exome sequencing in 74 tumor-normal pairs and re-
ported again that the mutation rate of HPV-positive tumors
was approximately half of that found in HPV-negative
HNSCC and once more observed an inverse correlation be-
tween HPV status and TP53mutation [39]. On the other hand,
The Cancer Genome Atlas Network published the results of
the molecular profile of 279 HNSCC samples and, in contrast
with previous reports, the mutation rates did not differ byHPV
status. However, the different profile previously found was
confirmed at the molecular level, with frequent helical domain
mutations of the oncogene PIK3CA in HPV-positive cases
and TP53 mutations and CDKN2A inactivation in HPV neg-
ative cases comprehensive [43]. All these data suggest that in
HPV-negative tumors, the absence of the oncogenic effect
from HPVoncoproteins requires the accumulation of multiple
genetic aberrations to allow malignant transformation [42].

In the present study, clinical features and molecular char-
acteristics related to the methylation and mutation status of
genes important in the carcinogenesis were evaluated in order
to make possible the determination of a group of factors that
help in the classification of a population of surgically treated
OPSCC patients.

Cell-cycle is one of the key cellular processes that is com-
monly deregulated in cancer cells to overcome senescence and
to obtain limitless replicative potential [44]. TP53 is a well-
established tumor suppressor gene involved in the regulation
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of the cell cycle and that is targeted by mutations in HNSCC
[45]. Somatic mutations in TP53 are found in 60–80% of
HNSCC cases and are usually associated to tobacco-driven
tumors [46–48]. In the present study, 62.5% of the OPSCC
samples evaluated harbored somatic TP53 mutations and as
expected, there was a good correlation between TP53 muta-
tions and p53 expression (80.0% of positive cases were also
mutated for TP53). TP53mutations are uncommon (0%–3%)
in HPV-positive primary HNSCC [13, 49–51]. Even though
all HPV positive cases in this study were heavy-smokers, only
1 had mutated TP53, and other 2 cases harbored strong p53
expression. The patient with positive expression and mutated
TP53 (62-year old male), had a very poor outcome and died
shortly after the treatment of a local recurrence (9 months
overall survival). Leemans et al., hypothesized that TP53mu-
tation in a subset of HPV-positive tumors may be associated
with tobacco use, occur later in tumor evolution, and reflect
poorer prognosis [45]. The patient with negative TP53 muta-
tion and positive expression (62-year old male) had a second
primary tumor in the oral tongue (HPV-negative) and distant
metastases in the lung. In this case, even though the HPV
status was positive this tumor was very likely to be caused
by tobacco smoking through a p53-independent pathway. For
the last positive case for protein expression, the TP53 muta-
tional status could not be evaluated since the quality of the
DNA was not appropriate, however, this 48-years old male
was alive and disease-free at the last follow-up (60 months).
Therefore, we could hypothesize that this is a truly HPV-
induced tumor.

Additionally, when considering all patients, despite of HPV
status, patients with positive surgical margins had positive p53
expression in the primary tumors. This finding agrees with
previous studies that found TP53-mutated DNA and or p53
expression in tumor and surgical margins to be related to the
presence of precursor lesions and locoregional treatment fail-
ure [47, 52, 53].

Among the common molecular alterations in the carcino-
genesis of head and neck tumors, silencing of genes by meth-
ylation of their promoter region is a more frequent event than
inactivation of genes by mutation. Protocadherins constitute
the largest subgroup in the cadherin superfamily of cell adhe-
sion molecules. PCDH10 was found methylated and silenced
in nasopharyngeal carcinoma and several other carcinomas,
but not in normal tissues. The reversion of PCDH10 transcrip-
tional silencing suppressed tumor cell growth, migration, in-
vasion and colony formation [54]. In the present study, the
majority of patients with clinically T1/T2 tumors had
unmethylated PCDH10, therefore agreeing with the reported
results showing that the expression of this protein suppresses
tumor growth.

Death-associated protein kinase 1 (DAPK-1) is a positive
mediator of gamma-interferon induced programmed cell death
[55]. Loss of its expression via promoter hypermethylation

has been associated with the formation of metastases and ad-
vanced disease stages in multiple cancer types, including head
and neck cancers [56]. CDH8 codes for a type II classical
cadherin from the cadherin superfamily, integral membrane
proteins that mediate calcium-dependent cell-cell adhesion,
no previous studies evaluated the role of this gene in head
and neck carcinogenesis. Therefore, the finding that all pa-
tients with extracapsular spread had unmethylated CDH8
andDAPK (p = 0.036 and p = 0.008, respectively) agrees with
previous data on DAPK and also with the described function
of CDH8.

Several articles have explored the association between
HPV status in head and neck tumors and methylation status
[57–59]. The analysis of the 25 cases of oropharyngeal tumors
of this cohort, of which 20.0% are HPV-positive, showed a
significant association between the presence of DAPK meth-
ylation and the status of HPV infection. A recent study eval-
uated the profile of gene-methylation of head and neck tumors
and found a significant higher methylation of DAPK, among
other genes, in HPV-positive cases compared to HPV-negative
[60], however, this study only evaluated a few oropharynx
cancer cases, no other study reports an association with spe-
cifically oropharyngeal tumor samples. Moreover, a trend to-
ward association of this gene with wild-type TP53 was ob-
served, suggesting a relationship with HPV status, since HPV-
positive samples often show wild-type TP53.

The presence of CCNA1 gene methylation in the samples
evaluated showed an statistically significant association with
better DFS and OS, suggesting that this alteration seems to
induce advantageous changes in the genomic safeguarding
leading to a better prognosis in this group of patients.
Kostareli and colleagues evaluated the protein expression of
ccna1 in 81 HNSCC samples and found an association be-
tween the expression of this gene (p < 0.001), the presence
of HPV16 (p = 0.001) and a worse recurrence-free survival
(p = 0.002) [61]. Therefore, considering that the presence of
CCNA1 methylation leads to the silencing of this gene in
HPV-positive samples, and Kostareli found that the presence
of CCNA1 protein expression is related to a worse prognosis,
our results are consistent. In another study, CCNA1 methyla-
tion was present in 45.0% of the evaluated HNSCC samples,
and showed an association with absence of mutation in TP53
[62]. We also observed a significant association between
methylated CCNA1 and wild-type TP53 suggesting that a bet-
ter prognosis in patients with CCNA1 methylation may be
related to the presence of wild-type TP53, independent of
HPV status and smoking.

Our study has several limitations, being the small popula-
tion size the most remarkable one. Because there is a prefer-
ence in this institution to treat oropharynx tumor patients with
organ preservation protocols, we were only able to include a
small number of cases, restricted to patients that had other
comorbidities that discouraged the choice for chemoradiation
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treatment and patients who preferred to undergo surgery.
Therefore, studies evaluating surgically-treated oropharynx
tumors cohorts tend to have smaller number of cases. The
differential of our study is the fact that these rare samples were
broadly evaluated at the molecular level through the assess-
ment of several markers. Moreover, it is well-known that in
Brazil the prevalence of HPV-positive cases among orophar-
ynx cancer tumors is low [63, 64], therefore even though only
20.0% of the cases were positive, the cohort evaluated in this
study was enriched for HPV-positive cases.

In conclusion, even though all samples analyzed were of
the oropharynx, several differences regarding molecular and
clinical characteristics were identified. This scenario raises
questions about the influence of HPV and tobacco in these
patients exposed to both etiological factors and about the tu-
mor heterogeneity within the group of tumors comprised by
the oropharynx. Knowing that some patients with HPV-
positive OPSCC remain at risk of poor outcome, more cases
should be evaluated in order to assess whether the differences
identified are able to classify these patients according to their
outcome and help in a more thorough patient management.
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