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Abstract

Obijectives: To examine the association between the human papillomavirus (HPV)
infection and overall survival rate in patients with oral cancer.

Methods: This retrospective cohort study examined HPV status in 454 patients who
were diagnosed with oral squamous cell carcinoma (OSCC) using the records of
patients who underwent an initial treatment for OSCC between 2012 and 2021 at
our institution as retrieved from the Cancer Registry database. The survival rates of
the HPV-positive and HPV-negative groups were assessed and compared, and inde-
pendent factors associated with survival were analyzed using multivariate Cox
regression models.

Results: Of the 454 patients with OSCC included in this study, 73 were excluded for
invalid HPV tests. Of the remaining patients, 39 and 342 patients were categorized
into HPV-positive and HPV-negative groups, respectively. The prevalence of HPV-
positive in the patients with OSCC was 10.2% (95% confidence interval 7.2%-
13.2%). The 3-year overall survival rates were 56.2% and 53.9% in the HPV-positive
and HPV-negative groups, respectively. The 3-year disease-specific survival rates in
the HPV-positive and HPV-negative groups were 60.2% and 56.9%, respectively.
The survival differences were not statistically significant. HPV-positive status was
not a significant predictor of overall survival in the multivariable Cox regression ana-
lyses (p = 0.728).

Conclusion: The prevalence of HPV-positivity among patients with OSCC in the
study was 10.2%. No association was found between HPV-positive status and 3-year
overall survival in patients with oral cancer.

Level of evidence: Level 3.
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1 | INTRODUCTION

Approximately 90% of all oral cancers are squamous cell carcinoma.®
It is the sixth most common type of cancer worldwide,? and the lead-
ing cause of head and neck malignancies in the Thai population.® In
addition, oral cancer accounts for the highest number of outpatient
visits and admissions among all head and neck cancers in Thailand.*
In southern Thailand, patients with oral cancer have a 5-year survival
rate of only 33%,> whereas the US Surveillance, Epidemiology, and
End Results database reported a rate of 68.5%.° Despite improve-
ments in universal healthcare and early diagnosis in Thailand, sur-
vival rates have not improved,” underlining the need for more
intensive research on the risk factors and maximization of treatment
efficacy.

Proven risk factors for oral cancer include tobacco smoking, betel
nut chewing, and excessive alcohol consumption (>60 g/day or >4-7
drinks per week).® New data obtained in the past decade provide
strong evidence for a correlation between human papillomavirus
(HPV) and oropharyngeal cancer, leading to an evolving perspective
on the attribution of oral cancers to this virus. HPV is a double-
stranded deoxyribonucleic acid (DNA) virus that affects stratified
squamous epithelial cells, particularly those in the skin and mucosa.’
The mucosal cells in the oral cavity are, thus, susceptible to HPV
infection. HPV DNA integration; E5, E6, and E7 gene expression; and
p53/pRb host protein repression promote cell proliferation, which
contributes to the carcinogenesis induced by this virus.1° HPV is clas-
sified into high-risk (HPV 16, 18, 31, 33-35, 39, 45, 51, 52, 56, 58,
59, 66, 68, 70, 73, 82) and low-risk (HPV 6, 11, 42-44) subgroups.
High-risk HPV is generally considered oncogenic, while low-risk HPV
is associated with benign epithelial lesions.}>*? The predominant
genotype in head and neck malignancies is HPV 16, followed by HPV
18,1314 which is thought to have a higher but under-reported preva-
lence in non-oropharyngeal head and neck cancers.!!

The established correlation between HPV infection and favorable
survival rates of oropharyngeal cancer has influenced changes in the
staging system,'® and has created momentum for clinical trials imple-
menting treatment de-escalation.’® A recent study found a marked
prevalence of HPV in oral cancer,'” suggesting a possible causative
relationship. However, the role of HPV infection in oral cancer and its
impact on patient prognosis remains unclear. Some studies have
found a favorable prognostic impact of HPV positivity on overall sur-
vival in patients with oral cavity cancer.’®72* Conversely, other studies

22224 \while other

reported unfavorable survival outcomes,
studies found no significant association between HPV status and sur-
vival outcomes.?>~3? Several study limitations could have contributed
to these conflicting data, including a variety of HPV test sensitivities,
resulting in marked differences in the prevalences of HPV in oral can-
cer ranging from 3.9% to 19.0%22243032-34. the influence of con-
founding factors, including proven causative factors such as tobacco
and betel nut chewing'®; and marked heterogeneities of the research
populations. These differences complicate attempts to identify signifi-
cant correlations between HPV and oral cancer prognosis, thereby

highlighting the requirement for large, standardized investigations.

To date, no clear evidence has demonstrated a simple correlation
between HPV infection and overall survival in patients with oral can-
cer, and information on the HPV genotypes in oral cancer is limited.
Moreover, few studies with large sample sizes have been conducted
to confirm the HPV status using HPV DNA polymerase chain reac-
tions (PCR). Therefore, we aimed to investigate the association
between HPV infection in oral cancer and overall survival, in a large,
standardized study of a homogeneous population, to aid in the devel-
opment of more optimal staging and treatment regimens for HPV-

positive oral cancer patients in the future.

2 | MATERIALS AND METHODS

21 | Patient selection
In this retrospective cohort study, the data of patients diagnosed with
oral cavity cancer between January 2012 and December 2021 were
extracted from the Cancer Registry Database of the Head and Neck
Surgery Division of the Department of Otolaryngology, Prince of
Songkla University, the major tertiary care center in Southern
Thailand. The inclusion criteria were squamous cell carcinoma of the
oral cavity (ICD-10 topology code: C00-C06) and treatment with
curative intent. Patients who had been previously treated with sur-
gery, radiotherapy, or chemotherapy were excluded.

Ethical approval for the study was granted by the relevant institu-
tional review board, and all data were anonymized in a secure data-
base. The need for informed consent was waived owing to the

retrospective nature of the study.

2.2 | Data collection

All patients were pathologically confirmed to have squamous cell car-
cinoma. The cancers were staged according to the American Joint
Commission on Cancer Staging Manual at the time of the patient's
diagnosis. We collected information on demographic characteristics,
Eastern Cooperative Oncology Group (ECOG) performance status
score, underlying diseases, risk factors, tumor subsites, pretreatment
TNM stages, modality of treatment, resection margin, date of diagno-
sis, date and status of last contact, and HPV status. Treatment modali-
ties were classified as surgery, radiotherapy for early-stage cancer,
surgery with postoperative radiotherapy, surgery with postoperative
chemoradiotherapy, concurrent chemoradiotherapy, and sequential
treatment by induction chemotherapy followed by surgery with post-
operative radiotherapy for advanced-stage cancer.

HPV detection and genotyping of oral cancer tissues were per-
formed using Anyplex Il HPV28 (Seegene, Seoul, South Korea), an
assay that employed multiplex real-time PCR for 28 HPV genotypes,
including both high- (16, 18, 26, 31, 33, 35, 39, 45, 51-53, 56, 58,
59, 66, 68, 69, 73, 82) and low-risk (6, 11, 40, 42-44, 54, 61, 70)
types.3* The sensitivity and specificity for cervical malignancies were
98.9% and 93.6%, respectively.>>%¢
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The tissue samples obtained from the oral tumors were trans-
ferred to a test kit plate and placed in an automated real-time PCR
detection system. The data were analyzed using the Seegene Viewer

program (https://www.seegene.com/software/seegene_viewer).

2.3 | Statistical analysis

Descriptive statistics were used to describe frequency and percentage
or median and interquartile range, as appropriate. The chi-squared
and Fisher's exact tests were used to compare differences in disease
characteristics between the HPV-positive and HPV-negative groups.
The log-rank test was used to compare the survival probabilities
between the HPV-positive and HPV-negative groups. Exploratory
analyses were conducted on all potential variables associated with
overall survival using a univariable Cox proportional hazards model.
Independent variables related to overall survival that were significant
at a level of <0.2 and/or had clinical relevance in the univariable Cox
proportional hazards model were included in the multivariable

TABLE 1
study patient.

Baseline characteristics of

Age

< 60years (%)

> 60vyears (%)
Sex

Male (%)

Female (%)
Weight, median (IQR)
Height, mean (SD)
ECOG score

X X

X

0
1
2
3
4

’\";\3""

)
)
)
)
)

X

Underlying disease

Hypertension (%)

Type 2 diabetes mellitus (%)

Dyslipidemia (%)

Cardiovascular disease (%)

Pulmonary disease (%)

HIV (%)
Others (%)

Cox proportional hazards model. A proportional hazards test was per-
formed to ensure that the essential assumptions of the Cox regression
models were not violated. A p value of <0.05 was considered statisti-
cally significant. All statistical analyses were performed using R soft-

ware (https://www.r-project.org/).

3 | RESULTS
Of the 454 patients with oral cancer eligible for inclusion in this study,
73 were excluded because of invalid HPV tests. Of the remainder,
342 (89.8%) patients were HPV-negative and 39 (10.2%) were HPV-
positive. Of the HPV-positive patients, 32 (82.1%) had HPV type
16, three (7.7%) had HPV type 18, three (7.7%) had HPV type 33, and
one was co-infected with HPV types 16 and 33. The ages of the
patients ranged from 21 to 80 years, with a median age of 60. Table 1
summarizes the demographic characteristics of the patients.

No significant differences in baseline characteristics, including
sex, weight, height, and underlying diseases (hypertension, type

HPV status
Positive (n = 39) Negative (n = 342) p value
0.986"
20(51.3) 170 (49.7)
19 (48.7) 172 (50.3)
0.999"
24 (61.5) 208 (60.8)
15 (38.5) 134 (39.2)
54.5 (48.0, 64.5) 56.8 (49.7,64.0) 0.797%
159.5 (9.0) 160.7 (8.5) 0.410°
0.5921
12 (30.8) 83(24.3)
27 (69.2) 250 (73.1)
0(0.0) 8(2.3)
0(0.0) 1(0.3)
0(0.0) 0(0.0)
12 (30.8) 92 (26.9) 0.746"
5(12.8) 32(9.4) 0.565
5(12.8) 39 (11.4) 0.7911
1(2.6) 10 (2.9) 0.9991
3(7.7) 9 (2.6) 0.1141
0(0.0) 4(1.2) 0.999"
10 (25.6) 37(10.8) 0.017"

Note: Values with p value <0.05 shown in bold.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; HIV, human immunodeficiency virus; HPV,
human papillomavirus; IQR, interquartile range; SD, standard deviation.

TChi-squared test.
*Rank-sum test.
St-test.

IFisher's exact test.
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2 diabetes mellitus, dyslipidemia, cardiovascular disease, pulmonary
disease, human immunodeficiency virus infection, and other diseases)
were found between the HPV-positive and HPV-negative groups.
Most patients had ECOG performance status scores of O or 1, while
the remaining had ECOG performance status scores of 2 or 3. Consid-
ering the risk factors, tumor subsite, and staging, significant differ-
ences were observed between the groups in terms of betel nut
chewing (p = 0.040) and tumor subsite (p = 0.007) (Table 2). Seven
sites of oral squamous cell carcinoma (OSCC) were examined in this
study: the floor of the mouth, gingiva, hard palate, buccal mucosa, lips,
oral tongue, and retromolar trigone. The most common tumor site
was the tongue (46.2% and 49.1% in the HPV-positive and HPV-
negative groups, respectively). According to the American Joint Com-
mittee on Cancer (AJCC) staging, no statistically significant differences
were found in tumor stage, nodal stage, or overall staging. However,
T2 was most common in the HPV-positive group at 35.9%, while T4a
was most commonly found in the HPV-negative group (33.9%). The
highest numbers of patients in both the HPV-positive and
HPV-negative groups were NO (51.3% and 45.0%, respectively), and
overall stage IVa (41.0% and 44.7%, respectively). We also evaluated
the type of treatment administered to the patients and found that sur-
gery was the most frequent form of treatment in both groups, with
most cases having negative surgical margins, with no significant differ-
ence in the resection margins between the two groups (p = 0.988).

The median follow-up time was 28.7 (10.9-64.0) months. The
3-year overall survival rates were 56.2% and 53.9% in the HPV-
positive and HPV-negative groups, respectively, which was not a sig-
nificant difference (p = 0.645). The 3-year disease-specific survival
rates in the HPV-positive and HPV-negative groups were 60.2% and
56.9%, respectively, and the difference was not statistically signifi-
cant. Multivariate analysis using Cox proportional hazards model
showed that ECOG performance status scores 2 and 3, overall stages
IVa and IVb, and treatment with concurrent chemoradiation and
sequential treatment were predictors of overall survival probability
(Table 3), while HPV-positive status was not a significant predictor of
survival in the Cox regression model (p = 0.728).

4 | DISCUSSION

In this study, we compared the survival outcomes of patients with
HPV-positive and HPV-negative OSCC. The prevalence of HPV-
positive oral cancer was 10.2% (95% Cl 7.2-13.2%). The 3-year over-
all survival rates and the 3-year disease-specific survival rates were
not statistically significantly different between the groups.

The patient demographics were similar to those reported in previ-
ously published studies. The prevalence of HPV-positive OSCC in our
study was in the low range compared to earlier studies that had prev-
alences ranging from 3.9% to 19.0%%0%234: these variations may be
attributed to social factors such as differences in sexual behaviors and
socioeconomic status.3>3¢ We also found that HPV-positive OSCC
was most common in patients younger than 60 years of age (50.3%)

and in males (60.8%); these findings were consistent with those of

previous studies that demonstrated that the highest HPV prevalence
was commonly observed in younger age groups,®” with a significantly
higher prevalence of HPV-positive OSCC in men.®® The oral tongue
was the predominantly affected subsite in the HPV-positive group
(46.2%), similar to that in the HPV-negative group (49.1%), which
could be explained by the high incidence of oral cancer in the tongue
subsite in the Thai population.®® Another possible reason is that the
oral tongue is covered with rough mucosa containing numerous taste
buds that increase the surface area for virus exposure. Additionally,
the epithelium covering the oral tongue is easily disrupted by HPV.*°
In terms of the AJCC staging, no significant differences in tumor stage,
nodal stage, or overall staging were found between the HPV-positive
and HPV-negative OSCC groups. The T1 and T2 tumor stages were
higher in the HPV-positive group than in the HPV-negative group.
However, in both groups, most patients were stage |Va, similar to the
findings of a previous study conducted in Thailand.** Education and
socioeconomic status could be the causes of late presentation to the
hospital.*?

In our assessment of survival outcomes in oral cancer, we identi-
fied several factors of interest. ECOG performance status scores of
2 and 3, along with the more advanced disease stages IVa and Vb,
were negatively associated with patient survival. Treatment methods,
specifically concurrent chemoradiation and sequential treatment—
which are not the preferred options—were significantly associated
with poorer survival rates. However, our analysis found that
HPV-positive status was not a significant factor for predicting survival
outcomes, even after adjusting for potential confounders in the multi-
variate analysis. This finding aligns with previous studies that found
no significant association between HPV status and survival outcomes

1.3 conducted a retro-

in oral cavity cancer. For instance, Nauta et a
spective cohort study involving 940 patients with oral cancer and
found no significant correlation between HPV positivity and survival.
Similarly, Abreu et al.** and Schneider et al.** reported comparable
findings in their studies. They also found no significant differences in
survival between HPV-positive and HPV-negative patients with oral

1.7 reported a favorable

cancer. Contrary to these findings, Tian et a
impact of HPV infection on survival outcomes in oral cancer. How-
ever, this finding was exclusively confined to cases of stage llI-IVb

.2* identified a higher survival rate

oral cancer. Similarly, Sugiyama et a
among HPV-16 positive patients without nodal metastasis. However,
the absence of adjustments for confounding factors such as smoking,
alcohol consumption, or betel nut chewing may have introduced
uncertainty into the observed outcomes. Several potential factors
may account for the lack of an association between HPV status and
survival outcomes in oral cavity cancer. First, oral cavity tumors origi-
nate from diverse anatomical sites and may exhibit heterogeneous
molecular characteristics.*> This heterogeneity may contribute to the
variability in clinical outcomes observed among HPV-positive oral
cancer cases. Second, the pathogenic mechanisms underlying HPV-
associated oral carcinogenesis may differ from those in other anatomi-
cal sites. HPV-driven oropharyngeal cancers are frequently found to
have mutations in tumor suppressor genes, which play pivotal roles in

cell cycle regulation and apoptosis.***” However, the prevalence and
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TABLE 2 Clinicopathological characteristics and treatment modalities of study patients.

Risk factors
Smoking (%)
Alcohol consumption (%)
Betel nut chewing (%)
Family history of head and neck cancer (%)
Tumor subsite
Oral tongue (%)
Buccal mucosa (%)
Lips (%)
Gingiva (%)
Floor of mouth (%)
Hard palate (%)
Retromolar trigone (%)
Tumor stage
T1 (%)
T2 (%)
T3 (%)
T4a (%)
T4b (%)
Nodal stage
NO (%)
N1 (%)
N2a (%)
N2b (%)
N2c (%)
N3a (%)
N3b (%)
Stage
1(%)
11(%)
111 (%)
IVa (%)
IVb (%)
Treatment
Surgery (%)
RT (%)
Surgery + PORT (%)
Surgery + POCCRT (%)
CCRT (%)
Sequential treatment (%)
Resection margin
Negative margin (%)
Positive margin (%)
Treated by RT or CCRT (%)

Note: Values with p value <0.05 shown in bold.

HPV status

Positive (n = 39)

21(53.8)
17 (43.6)
19 (48.7)
6(15.4)

18 (46.2)
7 (17.9)
6(15.4)
5(12.8)
3(7.7)
0(0.0)
0(0.0)

6(15.4)
14 (35.9)
7(17.9)
11 (28.2)
1(2.6)

20(51.3)
5(12.8)
2(5.1)
5(12.8)
6(15.4)
0(0.0)
1(2.6)

6(15.4)
7(18.0)
8(20.5)
16 (41.0)
2(5.1)

12 (30.8)
0(0.0)
16 (41.0)
8(20.5)
3(7.7)
0(0.0)

27 (69.2)
9(23.1)
3(7.7)

Negative (n = 342)

203 (59.4)
142 (41.5)
106 (31.0)
48 (14.0)

168 (49.1)
41 (12.0)
7 (2.0)

41 (12.0)
47 (13.8)
22 (6.4)
16 (4.7)
56 (16.4)
95(27.8)
62 (18.1)
116 (33.9)
13(3.8)

154 (45.0)
51 (14.9)
4(1.2)
61(17.8)
55(16.1)
2(0.6)

15 (4.4)

47 (13.7)
54(15.8)
59 (17.3)
153 (44.7)
29 (8.5)

89 (26.0)
5(1.5)
134 (39.2)
86 (25.1)
26 (7.6)
2(0.6)

233(68.1)
80(23.4)
29 (8.5)

p value

0.624F
0.9391
0.040"
0.8441
0.007*

0.858"

0.575%

0.914"

0.953%

0.988%

Abbreviations: CCRT, concurrent chemoradiotherapy; HPV, human papillomavirus; PORT, postoperative adjuvant radiotherapy; POCCRT, postoperative

adjuvant chemoradiotherapy; RT, radiotherapy.
TChi-squared test.
*Fisher's exact test.
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TABLE 3 Results of the univariate and multivariate analyses for overall survival in study patients.

Age
< 60vyears
> 60years
ECOG score

0
1
2
3
Risk factors
None
Smoking
Alcohol consumption
Betel nut chewing
Family history of head and neck cancer
Stage
|
Il
1]
IVa
IVb
Treatment
Surgery
RT
Surgery + PORT

Surgery + POCCRT
CCRT

Univariate HR (95% Cl)

1 (reference)

1.09 (0.84, 1.40)

1 (reference)
1.63 (1.15, 2.31)
2.56 (1.09, 6.04)

80.12 (9.66, 664.38)

1 (reference)
1.31(0.97, 1.75)
1.15(0.90, 1.49)
0.92(0.70, 1.20)
1.02 (0.70, 1.47)

1 (reference)

1.53(0.80, 2.91)
2.13(1.16, 3.92)
2.87 (1.67,4.95)
5.11(2.64, 9.89)

1 (reference)

2.17 (0.67, 7.04)
1.38(0.93,2.04)
2.38(1.57, 3.61)
4.21(2.50, 7.10)
9.43 (2.26, 39.45)

Sequential treatment

HPV status
Negative 1 (reference)
Positive 0.86 (0.54,1.37)

Note: Values with p value <0.05 shown in bold.

p value Multivariate HR (95% Cl) p value
0.514
1 (reference)
0.007 1.41(0.98, 2.01) 0.061
0.032 2.74 (1.14, 6.57) 0.024
<0.001 42.11 (4.78, 371.32) <0.001
0.076
0.268
0.540
0.223
1 (reference)
0.199 1.35 (0.69, 2.62) 0.380
0.014 1.88 (0.94, 3.78) 0.075
<0.001 2.17 (1.11, 4.24) 0.024
<0.001 3.22(1.45,7.15) 0.004
1 (reference)
0.196 1.75(0.52, 5.90) 0.367
0.113 0.96 (0.59, 1.57) 0.876
<0.001 1.51(0.88, 2.58) 0.134
<0.001 2.09 (1.08, 4.04) 0.029
0.002 6.09 (1.38, 26.93) 0.017
1 (reference)
0.539 0.92 (0.57,1.48) 0.728

Abbreviations: CCRT, concurrent chemoradiotherapy; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; HPV, human
papillomavirus; PORT, postoperative adjuvant radiotherapy; POCCRT, postoperative adjuvant chemoradiotherapy; RT, radiotherapy.

significance of these mutations in HPV-positive oral cancers remain
uncertain. Third, the influence of co-factors such as tobacco, betel nut
chewing, and alcohol consumption, which are prevalent risk factors
for oral cavity cancers, may modify the biological behavior of HPV-
infected oral tumors and impact patient outcomes.*® Finally, the lack
of an association between HPV status and survival outcomes in
patients with oral cancers may also reflect differences in clinical man-
agement approaches. Although HPV-positive oropharyngeal cancers
exhibit heightened sensitivity to chemoradiation therapy, the optimal
treatment strategies for HPV-positive oral cavity tumors are primarily
surgery-based. These variations in treatment modalities may influence
patient outcomes and obscure the prognostic significance of HPV sta-
tus in oral cancer. Therefore, our findings suggest that HPV status is

not associated with overall survival in patients with OSCC.

This study conducted a comprehensive analysis involving a sub-
stantial sample size to document the survival rates of patients with
HPV-related oral cancer. The robustness of our survival outcome anal-
ysis was strengthened by integrating staging and other prognostic var-
iables into the multivariate analysis models. Furthermore, our
investigation used PCR to ascertain HPV-positive status, delineating a
distinct subset of oral cancer originating from HPV-related causes.
However, a notable limitation of our study arose from the occurrence
of invalid HPV-test results. The Anyplex Il HPV28 assay is generally
reliable for detecting HPV DNA in formalin-fixed paraffin-embedded
(FFPE) specimens; however, we encountered instances of invalid test
results. Typically, such occurrences are associated with prolonged
storage of FFPE specimens, resulting in DNA degradation over time

or the presence of DNA fragments too small to effectively bind the
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test primer. Consequently, these invalid test results led to a reduction
in the number of specimens available for review, potentially impacting
the accuracy of our survival outcome estimations. To mitigate this
problem in future studies, we recommend considering short-term
storage of FFPE specimens to optimize the reliability and detection
rate of HPV DNA. Our findings deviate from the association of HPV
with oropharyngeal cancer as reported in previous studies, as HPV-
positive status was not correlated with survival outcomes in OSCC
patients in this study. Consequently, the necessity for pre-treatment
evaluation of HPV in oral cancer cases remains uncertain, and further
studies on HPV in oral cancer are required to provide additional
insights into its clinical implications.

5 | CONCLUSION

Our study found a low prevalence of HPV infection among patients
diagnosed with OSCC in Thailand, and no significant association was
observed between HPV-positive status and 3-year overall survival

rates in this patient population.

ACKNOWLEDGMENTS

We would like to acknowledge Ms. Jirawan Jayuphan and Mr. Sittidet
Nualnim in the research consultation department for their suggestions
and assistance, and Mr. David L. Patterson for the English language

editing of the manuscript.

FUNDING INFORMATION
This research was financially supported by a grant from the Faculty of

Medicine, Prince of Songkla University, Thailand.

CONFLICT OF INTEREST STATEMENT

The authors have no conflicts of interest to declare.

ORCID

Manupol Tangthongkum " https://orcid.org/0000-0002-5718-3034
Virat Kirtsreesakul \= https://orcid.org/0000-0002-3338-8975
REFERENCES

1. Johnson NW, Jayasekara P, Amarasinghe AAHK. Squamous cell carci-
noma and precursor lesions of the oral cavity: epidemiology and
aetiology. Periodontol. 2000;57(1):19-37. doi:10.1111/j.1600-0757.
2011.00401.x

2. Shah JP, Gil Z. Current concepts in management of oral cancer - sur-
gery. Oral Oncol. 2009;45:394-401. doi:10.1016/j.oraloncology.2008.
05.017

3. Dhanuthai K, Rojanawatsirivej S, Thosaporn W, et al. Oral cancer: a
multicenter study. Med Oral Patol Oral Cirugia Bucal. 2018;23(1):e23-
e29. doi:10.4317/medoral.21999

4. Tangjaturonrasme N, Vatanasapt P, Bychkov A. Epidemiology of head
and neck cancer in Thailand. Asia Pac J Clin Oncol. 2018;14(1):16-22.
doi:10.1111/ajco.12757

5. Tangthongkum M, Kirtsreesakul V, Supanimitjaroenporn P,
Leelasawatsuk P. Treatment outcome of advance staged oral cavity
cancer: concurrent chemoradiotherapy compared with primary

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

surgery. Eur Arch Otorhinolaryngol. 2017;274(6):2567-2572. doi:10.
1007/s00405-017-4540-9

Cancer of the Oral Cavity and Pharynx—Cancer Stat Facts. SEER.
Accessed March 12, 2024 https://seer.cancer.gov/statfacts/html/
oralcav.html

Sungwalee W, Vatanasapt P, Suwanrungruang K, Promthet S. Com-
paring survival of oral cancer patients before and after launching of
the universal coverage scheme in Thailand. Asian Pac J Cancer Prev
APJCP. 2016;17(7):3541-3544.

Chi AC, Day TA, Neville BW. Oral cavity and oropharyngeal squamous
cell carcinoma—an update. CA Cancer J Clin. 2015;65(5):401-421. doi:
10.3322/caac.21293

Sabatini ME, Chiocca S. Human papillomavirus as a driver of head and
neck cancers. Br J Cancer. 2020;122(3):306-314. doi:10.1038/
s41416-019-0602-7

Tommasino M. The human papillomavirus family and its role in carci-
nogenesis. Semin Cancer Biol. 2014;26:13-21. doi:10.1016/j.
semcancer.2013.11.002

Kreimer AR, Clifford GM, Boyle P, Franceschi S. Human papillomavi-
rus types in head and neck squamous cell carcinomas worldwide: a
systematic review. Cancer Epidemiol Biomarkers Prev. 2005;14(2):467-
475. doi:10.1158/1055-9965.EPI-04-0551

Sano D, Oridate N. The molecular mechanism of human papillomavirus-
induced carcinogenesis in head and neck squamous cell carcinoma. Int J
Clin Oncol. 2016;21(5):819-826. doi:10.1007/s10147-016-1005-x
Rautava J, Kuuskoski J, Syrjanen K, Grenman R, Syrjanen S. HPV
genotypes and their prognostic significance in head and neck squa-
mous cell carcinomas. J Clin Virol. 2012;53(2):116-120. doi:10.1016/j.
jcv.2011.11.005

Kingma DW, Allen RA, Moore W, et al. HPV genotype distribution in
oral and oropharyngeal squamous cell carcinoma using seven in vitro
amplification assays. Anticancer Res. 2010;30(12):5099-5104.
Wierzbicka M, Napierata J. Updated National Comprehensive Cancer
Network guidelines for treatment of head and neck cancers 2010-2017.
Pol J Otolaryngol. 2017;71(6):1-6. doi:10.5604/01.3001.0010.7193
Rihle A, Grosu AL, Nicolay NH. De-escalation strategies of (chemo)
radiation for head-and-neck squamous cell cancers—HPV and
beyond. Cancer. 2021;13(9):2204. doi:10.3390/cancers13092204
Chaitanya NCSK, Allam NSJ, Gandhi Babu DB, Waghray S,
Badam RK, Lavanya R. Systematic meta-analysis on association of
human papilloma virus and oral cancer. J Cancer Res Ther. 2016;12(2):
969-974. doi:10.4103/0973-1482.179098

Elango KJ, Suresh A, Erode EM, et al. Role of human papilloma virus
in oral tongue squamous cell carcinoma. Asian Pacific J Cancer Prev.
2011;12:889-896.

Tian S, Switchenko JM, Jhaveri J, et al. Survival outcomes by high-risk
HPV status in non-oropharynx head and neck squamous cell carcino-
mas: a propensity-scored analysis of the National Cancer Data Base.
Cancer. 2019;125(16):2782-2793. doi:10.1002/cncr.32115

Schwartz SR, Yueh B, McDougall JK, Daling JR, Schwartz SM. Human
papillomavirus infection and survival in oral squamous cell cancer: a
population-based study. Otolaryngol Neck Surg. 2001;125(1):1-9. doi:
10.1067/mhn.2001.116979

Sugiyama M, Bhawal UK, Kawamura M, et al. Human papillomavirus-
16 in oral squamous cell carcinoma: clinical correlates and 5-year sur-
vival. Br J Oral Maxillofac Surg. 2007;45(2):116-122. doi:10.1016/j.
bjoms.2006.04.012

Lee LA, Huang CG, Tsao KC, et al. Human papillomavirus infections
are common and predict mortality in a retrospective cohort study of
Taiwanese patients with oral cavity cancer. Medicine (Baltimore).
2015;94(47):e2069. doi:10.1097/MD.0000000000002069

Bosetti C, Carioli G, Santucci C, et al. Global trends in oral and pha-
ryngeal cancer incidence and mortality. Int J Cancer. 2020;147(4):
1040-1049. doi:10.1002/ijc.32871


https://orcid.org/0000-0002-5718-3034
https://orcid.org/0000-0002-5718-3034
https://orcid.org/0000-0002-3338-8975
https://orcid.org/0000-0002-3338-8975
info:doi/10.1111/j.1600-0757.2011.00401.x
info:doi/10.1111/j.1600-0757.2011.00401.x
info:doi/10.1016/j.oraloncology.2008.05.017
info:doi/10.1016/j.oraloncology.2008.05.017
info:doi/10.4317/medoral.21999
info:doi/10.1111/ajco.12757
info:doi/10.1007/s00405-017-4540-9
info:doi/10.1007/s00405-017-4540-9
https://seer.cancer.gov/statfacts/html/oralcav.html
https://seer.cancer.gov/statfacts/html/oralcav.html
info:doi/10.3322/caac.21293
info:doi/10.1038/s41416-019-0602-7
info:doi/10.1038/s41416-019-0602-7
info:doi/10.1016/j.semcancer.2013.11.002
info:doi/10.1016/j.semcancer.2013.11.002
info:doi/10.1158/1055-9965.EPI-04-0551
info:doi/10.1007/s10147-016-1005-x
info:doi/10.1016/j.jcv.2011.11.005
info:doi/10.1016/j.jcv.2011.11.005
info:doi/10.5604/01.3001.0010.7193
info:doi/10.3390/cancers13092204
info:doi/10.4103/0973-1482.179098
info:doi/10.1002/cncr.32115
info:doi/10.1067/mhn.2001.116979
info:doi/10.1016/j.bjoms.2006.04.012
info:doi/10.1016/j.bjoms.2006.04.012
info:doi/10.1097/MD.0000000000002069
info:doi/10.1002/ijc.32871

Laryngoscope
8of 8

24,

25.

26.

27.

28.

29.
30.
31
32.

33.
34.
35.
36.

37.

TANGTHONGKUM ET AL.

Saghravanian N, Zamanzadeh M, Meshkat Z, Afzal Aghaee M,
Salek R. Evaluation of the prevalence rate and the prognostic effect
of human papilloma virus infection in a group of patients with oral
cavity squamous cell carcinoma. Iran J Cancer Prev. 2016;9(3):e3998.
doi:10.17795/ijcp-3998

de Abreu PM, C6 ACG, Azevedo PL, et al. Frequency of HPV in oral
cavity squamous cell carcinoma. BMC Cancer. 2018;18:324. doi:10.
1186/512885-018-4247-3

Kim SM, Kwon 1J, Myoung H, Lee JH, Lee SK. Identification of human
papillomavirus (HPV) subtype in oral cancer patients through microar-
ray technology. Eur Arch Otorhinolaryngol. 2018;275(2):535-543. doi:
10.1007/s00405-017-4828-9

Kumar M, Nanavati R, Modi TG, Dobariya C. Oral cancer: etiology
and risk factors: a review. J Cancer Res Ther. 2016;12(2):458-463. doi:
10.4103/0973-1482.186696

Annertz K, Rosenquist K, Andersson G, Jacobsson H, Hansson BG,
Wennerberg J. High-risk HPV and survival in patients with oral and
oropharyngeal squamous cell carcinoma—5-year follow up of a
population-based study. Acta Otolaryngol (Stockh). 2014;134(8):843-
851. doi:10.3109/00016489.2014.890289

Ni Y, Zhang X, Wan Y, et al. Relationship between p16 expression
and prognosis in different anatomic subsites of OSCC. Cancer Biomark
Sect Dis Markers. 2019;26(3):375-383. doi:10.3233/CBM-192402
Blahak J, Zelinka J, Gumulec J, Machacek C, Danek Z, Bulik O. HPV,
protein p16 and squamous cell carcinoma of the oral cavity. Biomed
Pap. 2020;164(3):292-299. doi:10.5507/bp.2019.026

Nauta IH, Heideman DAM, Brink A, et al. The unveiled reality of
human papillomavirus as risk factor for oral cavity squamous cell car-
cinoma. Int J Cancer. 2021;149(2):420-430. doi:10.1002/ijc.33514
Lingen MW, Xiao W, Schmitt A, et al. Low etiologic fraction for high-
risk human papillomavirus in oral cavity squamous cell carcinomas.
Oral Oncol. 2013;49(1):1-8. doi:10.1016/j.oraloncology.2012.07.002
Kriiger M, Pabst AM, Walter C, et al. The prevalence of human papil-
loma virus (HPV) infections in oral squamous cell carcinomas: a retro-
spective analysis of 88 patients and literature overview.
J Craniomaxillofac Surg. 2014;42(7):1506-1514. doi:10.1016/j.jcms.
2014.04.022

Huang SF, Li HF, Liao CT, et al. Association of HPV infections with
second primary tumors in early-staged oral cavity cancer. Oral Dis.
2012;18(8):809-815. doi:10.1111/j.1601-0825.2012.01950.x

Rollo F, Dona MG, Pichi B, Pellini R, Covello R, Benevolo M. Evalua-
tion of the anyplex Il HPV28 assay in the detection of human papillo-
mavirus in archival samples of oropharyngeal carcinomas. Arch Pathol
Lab Med. 2020;144(5):620-625. doi:10.5858/arpa.2019-0199-0OA
Baasland |, Romundstad PR, Eide ML, Jonassen CM. Clinical perfor-
mance of Anyplex Il HPV28 by human papillomavirus type and viral
load in a referral population. PLoS One. 2019;14(1):e0210997. doi:10.
1371/journal.pone.0210997

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

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Kreimer AR, Bhatia RK, Messeguer AL, Gonzédlez P, Herrero R,
Giuliano AR. Oral human papillomavirus in healthy individuals: a sys-
tematic review of the literature. Sex Transm Dis. 2010;37(6):386-391.
doi:10.1097/0LQ.0b013e3181c94a3b

Serrano B, Brotons M, Bosch FX, Bruni L. Epidemiology and burden
of HPV-related disease. Best Pract Res Clin Obstet Gynaecol. 2018;47:
14-26. doi:10.1016/j.bpobgyn.2017.08.006

Giuliano AR, Nyitray AG, Kreimer AR, et al. EUROGIN 2014 roadmap:
differences in HPV infection natural history, transmission, and HPV-
related cancer incidence by gender and anatomic site of infection. Int J
Cancer J Int Cancer. 2015;136(12):2752-2760. doi:10.1002/ijc.29082
Pai SI, Westra WH. Molecular pathology of head and neck cancer:
implications for diagnosis, prognosis, and treatment. Annu Rev Pathol.
2009;4:49-70. doi:10.1146/annurev.pathol.4.110807.092158
Anantharaman D, Abedi-Ardekani B, Beachler DC, et al. Geographic het-
erogeneity in the prevalence of human papillomavirus in head and neck
cancer. Int J Cancer. 2017;140(9):1968-1975. doi:10.1002/ijc.30608
Abreu PM, Valle IB, Damasceno TCD, et al. Human papillomavirus
E6/E7 mRNA detection by in situ hybridization in oral cavity squa-
mous cell carcinoma. Arch Oral Biol. 2020;116:104746. doi:10.1016/j.
archoralbio.2020.104746

Schneider K, Jakobsen KK, Jensen JS, et al. Impact of
plé-overexpression on overall and progression-free survival out-
comes in oral cavity squamous cell carcinomas: a semi-national,
population-based study. Oral Oncol. 2020;111:105031. doi:10.1016/
j.oraloncology.2020.105031

Gillison ML, Koch WM, Capone RB, et al. Evidence for a causal asso-
ciation between human papillomavirus and a subset of head and neck
cancers. J Natl Cancer Inst. 2000;92(9):709-720. doi:10.1093/jnci/92.
9.709

Pan C, Issaeva N, Yarbrough WG. HPV-driven oropharyngeal cancer:
current knowledge of molecular biology and mechanisms of carcino-
genesis. Cancers Head Neck. 2018;3:12. doi:10.1186/s41199-018-
0039-3

Santacroce L, Di Cosola M, Bottalico L, et al. Focus on HPV infection
and the molecular mechanisms of oral carcinogenesis. Viruses. 2021;
13(4):559. doi:10.3390/v13040559

D'Souza G, Kreimer AR, Viscidi R, et al. Case-control study of human
papillomavirus and oropharyngeal cancer. N Engl J Med. 2007;
356(19):1944-1956. doi:10.1056/NEJM0a065497

How to cite this article: Tangthongkum M, Phisalmongkhon S,
Leelasawatsuk P, Supanimitjaroenporn P, Kirtsreesakul V,
Tantipisit J. Impact of human papillomavirus status on survival
in patients with oral cancer. Laryngoscope Investigative
Otolaryngology. 2024;9(3):€1294. doi:10.1002/1i02.1294


info:doi/10.17795/ijcp-3998
info:doi/10.1186/s12885-018-4247-3
info:doi/10.1186/s12885-018-4247-3
info:doi/10.1007/s00405-017-4828-9
info:doi/10.4103/0973-1482.186696
info:doi/10.3109/00016489.2014.890289
info:doi/10.3233/CBM-192402
info:doi/10.5507/bp.2019.026
info:doi/10.1002/ijc.33514
info:doi/10.1016/j.oraloncology.2012.07.002
info:doi/10.1016/j.jcms.2014.04.022
info:doi/10.1016/j.jcms.2014.04.022
info:doi/10.1111/j.1601-0825.2012.01950.x
info:doi/10.5858/arpa.2019-0199-OA
info:doi/10.1371/journal.pone.0210997
info:doi/10.1371/journal.pone.0210997
info:doi/10.1586/14737140.2015.957189
info:doi/10.1097/OLQ.0b013e3181c94a3b
info:doi/10.1016/j.bpobgyn.2017.08.006
info:doi/10.1002/ijc.29082
info:doi/10.1146/annurev.pathol.4.110807.092158
info:doi/10.1002/ijc.30608
info:doi/10.1016/j.archoralbio.2020.104746
info:doi/10.1016/j.archoralbio.2020.104746
info:doi/10.1016/j.oraloncology.2020.105031
info:doi/10.1016/j.oraloncology.2020.105031
info:doi/10.1093/jnci/92.9.709
info:doi/10.1093/jnci/92.9.709
info:doi/10.1186/s41199-018-0039-3
info:doi/10.1186/s41199-018-0039-3
info:doi/10.3390/v13040559
info:doi/10.1056/NEJMoa065497
info:doi/10.1002/lio2.1294

	Impact of human papillomavirus status on survival in patients with oral cancer
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Patient selection
	2.2  Data collection
	2.3  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


