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Simple Summary: Human papillomavirus (HPV) is a significant factor in certain head and neck cancers, but
its role in head and neck skin cancers is less clear. This study looks at 62 patients with head and neck skin
cancer to understand how often HPV is found and its connection to two proteins, p16 and p53, which are linked
to cancer growth. Our results show that p16 is not a reliable indicator of HPV in these skin cancers, unlike in
other types of head and neck cancers. This research aims to provide new insights into how HPV and these
proteins interact in head and neck skin cancers, particularly in Asian populations. These findings could help
improve how we understand and treat these cancers in the future.

Abstract: The high prevalence of human papillomavirus (HPV) infection in oropharyngeal squamous cell
carcinoma (OPSCC) is well-established, with pl16 expression being a strong predictor. HPV-related tumors
exhibit unique mechanisms targeting p16 and p53 proteins. However, research on HPV prevalence and the
combined predictive value of p16 and p53 expression in head and neck cutaneous squamous cell carcinomas
(HNCSCCQ), especially in Asian populations, is limited. This retrospective study surveyed 62 HNCSCC patients
(2011-2020), excluding those with facial warts or other skin cancers. All patients underwent wide excision and
biopsy. Immunohistochemical staining for HPV, p16, and p53 yielded both positive and negative results. The
relevance of each marker was investigated by categorizing the tumor locations into high-risk (Area H) and
mid-risk (Area M) zones based on recurrence frequency. Of the 62 patients, 20 (32.26%) were male, with an
average age of 82.27 years (26-103). Area H included 19 cases (30.65%), with the eyelid and lip being the most
common sites (five cases, 8.06%). Area M included 43 cases (69.35%), with the cheek being the most common
site (29 cases, 46.77%). pl6 expression was positive in 24 patients (38.71%), p53 expression in 42 patients
(72.58%), and HPV in five patients (8.06%). No significant association was found between p16 expression and
HPV presence (p > 0.99), with a positive predictive value of 8.33%. This indicates that p16, a surrogate marker
of HPV in OPSCC, is not a reliable marker for HPV in HNCSCC. This study enhances our understanding of
the relationship between HPV, p53, and p16 in HNCSCC in Asian populations and offers valuable insights for
further research.
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1. Introduction

Squamous cell carcinoma (SCC) is the second most common skin cancer, following basal cell
carcinoma [1]. It typically arises with precancerous lesions, often in sun-exposed regions, notably the
head and neck. Risk factors for the development of SCC include ultraviolet (UV) radiation, chemical
carcinogens, genetic predisposition, immunosuppression, drugs, and viral infection [1]. Viral
infections, particularly those caused by the human papillomavirus (HPV), are considered a potential
carcinogen that indirectly impair DNA repair mechanisms or apoptotic responses to UV-induced
damage [1]. The carcinogenic potential of HPV infection in SCC is relatively well-known, particularly
in cases of epidermodysplasia verruciformis (EV). EV, an autosomal recessive hereditary dermatosis,
presents a heightened risk for SCC development and exhibits high susceptibility to infection with
beta-genus HPV-5 and HPV-8 [2]. In EV, SCC develops in chronically HPV-infected skin, particularly
in sun-exposed areas [2]. Numerous studies have investigated the occurrence of HPV in
oropharyngeal SCC (OPSCC) [3]. However, studies on the relationship between HPV and non-
oropharyngeal cutaneous SCC (head and neck cutaneous squamous cell carcinomas [HNCSCC]) are
limited. In addition, most studies have been conducted on Caucasians, and few studies have been
conducted on Asians.

p53 is an important driver mutation in SCC with a tumor suppressor function against UV-
induced damage [4]. However, to the best of our knowledge, no studies have been conducted on the
P53 mutation rate in HNCSCC and its association with HPV, which is known to interfere with the
repair of UV-induced damage. P16 is known as a surrogate marker for HPV with a high positive
predictive value (PPV) in OPSCC and is associated with a favorable prognosis [5]. However, its
association with HNCSCC has not yet been studied.

This study aimed to examine the relationship between HPV infection and HNCSCC in an Asian
population. Additionally, we investigated the positivity rates of p53 and p16 in HNCSCC and their
association with HPV.

2. Materials and Methods
2.1. Inclusion and Exclusion Criteria

A cohort of 62 patients diagnosed with HNCSCC who underwent excision and biopsy at a single
institution between 2011 and 2020 was identified. All subjects gave their informed consent for
inclusion before they participated in the study. The study was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved by the Ethics Committee of the Institutional
Review Board of Soonchunhyang University Hospital (IRB exemption No. 2024-05-014). All patients
were histopathologically diagnosed with SCC. Following registration, a computer-generated
randomization process was conducted, resulting in the enrollment of 62 out of 269 patients. The
process ensured balanced by incorporating clinical data including age, sex, and tumor location.

Patients diagnosed with verruca or other cutaneous malignancies of the head and neck region
were excluded. Additionally, individuals of races other than Asian were excluded from the study to
maintain homogeneity within the sample population. Patients with a history of treatment for head
and neck cancer or those with incomplete medical records were also excluded to ensure data
reliability.

2.2. Clinical Information

Clinical information, including sex, age, and patient medical history, was collected.
Additionally, data on tumor size, depth, lymphovascular invasion, and perineural invasion were
recorded. The tumor location was categorized as a high-risk zone (Area H) comprising the central
facial regions (eyelids, eyebrows, periorbital, nose, lips, chin, mandible, preauricular, and
postauricular areas) and a mid-risk zone (Area M) consisting of the cheeks, forehead, and scalp
(Figure 1).
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Figure 1. Classification of tumor location into high-risk zone (Area H) and mid-risk zone (Area M).
Area H (Yellow area) encompasses central facial regions including eyelids, eyebrows, periorbital area,
nose, lips, chin, mandible, preauricular, and postauricular areas. Area M (blue area) includes the
cheeks, forehead, and scalp.

2.3. Construction of Tissue Microarray

Hematoxylin and eosin stained slides were prepared from formalin-fixed paraffin-embedded
tissue blocks. The slides were reviewed under a light microscope to identify the most representative
cancerous regions. The corresponding areas of each paraffin block were then cored twice using a 2
mm-diameter cylinder and transferred to a recipient paraffin block utilizing a tissue microarrayer
(Unitma, Seoul, Korea).

2.4. Immunohistochemistry and Interpretation

Immunohistochemical (IHC) staining of individual 4-pum thick slide sections derived from tissue
microarray (TMA) blocks was performed using the Ventana Benchmark XT automated staining
system (Ventana Medical Systems, Tucson, AZ, USA), according to manufacturer’s protocol. The
following primary antibodies were used: anti-p16 (dilution 1:2; clone E6H4; Roche, Tucson, AZ,
USA), anti-HPV (dilution 1:100; clone K1HS; Dako, Glostrup, Denmark), and anti-p53 (dilution 1:900;
clone DO-7; Dako, Glostrup, Denmark). HPV and p16 expression in tumor cells was classified as
negative and positive (>1%) through cytoplasmic and nuclear staining (Figure 2A, 2B, 4A, 4B). p53
expression in the tumor cells was evaluated as negative or positive by performing nuclear staining
(Figure 3A, 3B).
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Figure 2. Representative human papillomavirus (HPV) staining (A) negative (x200) (B) positive
(x400).

Figure 4. Representative p16 staining (A) negative (x200) (B) positive (x200).

2.5. Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics for Windows (version 26.0;
IBM Corporation, Armonk, NY). Categorical variables are expressed as counts (percentages), while
continuous variables are presented as mean + standard deviation (SD). The chi-square test or Fisher's
exact test for categorical variables and the independent sample t-test for continuous variables were
used to compare the two groups. The Mann-Whitney U test was used to analyze continuous variables
that were not normally distributed. Statistical significance was set at p>0.05.
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3. Results
3.1. Patients Demographics and Tumor Characteristics

The patient demographics and tumor characteristics are shown in Table 1. Among the 62
HNCSCC patients, 20 (32.26%) were male. The average age of the patients was 82.27 years, and
93.55% were over 65 years of age. Nineteen (30.65%) and 43 (69.35%) patients had tumors in Area H
and Area M, respectively. The average size and depth of tumors were 2.73 + 4.60 cm? and 4.06 + 3.62
mm, respectively. The incidence of lymphovascular and perineural invasion was 4.84% (3/62).
Diabetes mellitus and hypertension were present in 14.52% (9/62) and 43.55% (27/62) of patients,
respectively (Table 1).

Table 1. Patient demographics and tumor characteristics.

N (%) N=62 (%)
Sex
Male 20 (32.26)
Female 42 (67.74)
Age group (years)
<50 2 (3.22)
51-65 2(3.22)
65 58 (93.55)
Location
Area H 19 (30.65)
Area M 43 (69.35)
Size of tumor 2.73 +4.60
(cm?)
Invasion depth 4.06 +3.62
(mm)
Lymphovascular
invasion
*) )
0 59
Perineural
invasion
*) )
0 59
DM
*) ’
A 53
HTN
) 27
A 35

3.2. Location of Tumors

Tumor locations are presented in Table 2. Area H accounted for 30.65% (19/62) of the cases, of
which the eyelids and lips were the most common (8.06%), followed by the ears (6.46%), nose (4.84%),
and chin (3.23%). Area M comprised 69.35% (43/62), and the cheek (46.77%) was the most common,
followed by the forehead (17.74%) and scalp (4.84%) (Table 2).
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Table 2. Location of tumors.

N (0/0) N=62 (0/0)
Area H 19 (30.65)
Eyelid 5 (8.06)
Nose 3(4.84)
Lip 5 (8.06)
Chin 2 (3.23)
Ear 4 (6.46)
AreaM 43 (69.35)
Forehead 11 (17.74)
Scalp 3(4.84)
Cheek 29 (46.77)

3.3. Immunohistochemical Study

The HPV, p16, and p53 statuses are presented in Table 3. p16 was positive in 24 (38.71%), p53 in
42 (72.58%), and HPV in five (8.06%) HNCSCC patients. HPV expression varied in intensity, mainly
observed in well-developed tumor cells (Figure 2B). p53 staining often exhibits strong nuclear
expression diffusely (Figure 3B). pl6 positive staining showed strong nuclear and cytoplasmic
expression in continuous tumor cells, which was defined as block positivity (Figure 4B). The
positivity rates of HPV, p53, and p16 showed no significant differences according to sex or age
(p=0.165, 0.125, 0.331, respectively).

There was no significant difference in the presence of HPV according to Area H/M; however,
the Area M ratio in the HPV-positive group was 80%, which was higher than that in the HPV-negative
group (68.42%) (p>0.99).

No statistically significant association was observed between p53 expression and HPV
infection.(p>0.99). The Area H ratio in the p53-positive group was 35.56%, which was higher than
that in the p53-negative group (17.65%), with no statistically significant difference (p=0.172).

There was no significant association between p16 expression and the presence of HPV, and the
positive predictive rate of p16 for HPV was 8.33% (p>0.99). According to the tumor location, the Area
H ratio in the pl6-positive group was 25%, which was lower than that in the pl6-negative group
(34.21%; p=0.444; Table 3).

4. Discussion

SCC is the second most common type of non-melanoma skin cancer, accounting for
approximately 40.2% of malignancies in the head and neck region [6]. Several risk factors for the
development of HNSCC have been identified, including tobacco smoking, alcohol consumption,
dietary factors, and HPV infection [7]. The role of HPV in oral and oropharyngeal carcinogenesis was
first described by Syrjanen et al. in 1983 [8]. Since then, numerous studies have investigated the role
of HPV in HNSCC, particularly in OPSCC. The HPV-positivity rate in OPSCC varies widely, typically
ranging from 40% to 80%, depending on the sensitivity and specificity of the detection method used
[3].

Notably, HPV-positive OPSCC exhibits distinct clinical and demographic characteristics
compared to those of HPV-negative tumors [9]. For instance, HPV-positive OPSCC is more frequently
observed in certain regions, such as the United States, than in Asia or Europe [10]. This geographical
variation in HPV prevalence may be attributed to differences in sexual behavior, cultural practices,
and HPV vaccination rates. Moreover, HPV-positive OPSCC tends to occur more frequently in
younger patients and individuals with a history of multiple sexual partners and higher oral sex
exposure [11]. These behavioral risk factors contribute to the transmission of HPV, particularly high-
risk HPV genotypes such as HPV-16 and HPV-18, which are associated with oncogenic
transformation and the development of OPSCC. Importantly, HPV-positive OPSCC is associated
with a more favorable prognosis compared to that of HPV-negative tumors [12-14]. This improved
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prognosis is thought to be related to the distinct molecular and biological characteristics of HPV-
positive tumors, including overexpression of the pl6 protein and inactivation of the p53 tumor
suppressor gene. These molecular alterations contribute to enhanced sensitivity to radiotherapy and
chemotherapy, resulting in better treatment responses and overall survival rates in HPV-positive
OPSCC patients [15-17].

Clinically, HPV-positive OPSCC typically presents as a single localized tumor in the
oropharynx, most commonly in the tonsillar region or base of the tongue [18]. These tumors often
have a smaller primary tumor size and a lower rate of lymph node involvement than that of HPV-
negative tumors [19,20]. Unlike HPV-negative tumors, HPV-positive OPSCC are less frequently
associated with tobacco and alcohol use, and patients may present with fewer comorbidities and a
better performance status at the time of diagnosis [21].

Unlike OPSCC, HNCSCC has been relatively understudied. However, the HPV infection rate is
higher in SCC, including those occurring in the head and neck regions, than in normal skin [22]. UV
exposure, a known trigger for SCC, can induce immunosuppression, potentially increasing
susceptibility to HPV infection. Conversely, evidence suggests that HPV infection may exacerbate
UV-induced damage, potentially contributing to the development of SCC. Nevertheless, its role in
the maintenance of SCC remains uncertain [23]. Previous studies have reported HPV positivity rates
in HNCSCC ranging between 5% and 20%; however, it is unclear whether HPV is directly involved
in the pathogenesis of HNCSCC [13,24]. Furthermore, most studies have been conducted in
Caucasian populations, with few examining the role of HPV in HNCSCC among Asians [3].

In this study, the positive detection rate of HPV through IHC for HNCSCC was 8.06% (5/62).
This was lower than that reported in a previous study using the polymerase chain reaction (PCR)
method for North Americans, where the HPV positivity rate was 21.8% [25]. The difference in test
methods is considered one of the reasons for this result. PCR testing is the most sensitive method for
detecting HPV [26], and it may show a higher positivity rate than the IHC method used in this study.
In addition, as mentioned above, HPV-positive OPSCC occurs more frequently in the United States
than in Asia [10], and because of similar racial and cultural differences, HPV-positive HNCSCC is
also thought to be lower than that reported in previous studies targeting North Americans.

p53 is the most commonly mutated gene in SCC, occurring in up to 90% of cases [27]. When a
mutation occurs, tumor cells resist apoptosis and cell cycle arrest, leading to clonal expansion.
Mutations in p53 caused by UV damage are involved in the development of SCC [4]. In the past,
studies have been conducted on the effect of p53 overexpression on treatment response or prognosis
in HNCSCC, but no consensus has been reached [28]. In addition, a study was conducted on the
association between the presence of HPV and p53 in SCC. HPV E6 and E7 proteins suppress p53-
mediated gene transcription. This may interfere with the UV-activated cell cycle checkpoint,
exacerbating UV-induced DNA damage and ultimately the oncogenic potential of HPV [29-31].

In this study, p53 was overexpressed in 72.58% (45/62) HNCSCC patients. This is similar to the
79% reported in previous studies on SCC Korean patients [32]. The incidence of UV-induced SCC is
inversely proportional to latitude, and the closer it is to the equator, the higher the incidence [33].
Moreover, the incidence is higher in the UV-sensitive fair skin type than in the dark skin type. This
study was conducted in South Korea, and the frequency of p53 mutations caused by UV damage was
anticipated to be lower than that reported in previous studies on Caucasians [32], but there was no
significant difference. In addition, no significant association was observed between HPV and p53
expression in HNCSCC (p>0.99).

P16 has emerged as a cost-effective surrogate marker for HPV in OPSCC owing to its high
sensitivity and specificity in detecting HPV-related tumors. IHC staining for p16 can reliably identify
tumors with transcriptionally active HPV, making it a valuable tool for diagnostic and prognostic
purposes. Additionally, p16 expression in OPSCC has been associated with a favorable prognosis, as
HPV-positive tumors generally exhibit a better response to treatment and improved survival
outcomes than that of HPV-negative tumors. However, the role of p16 in HNCSCC remains unclear.
A study including HNCSCC patients reported that p16 expression was not related to high-risk HPV
or prognosis [34]. The positivity rate of p16 in this study was 38.71% (24/62), which is similar to 31.9%
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in a previous study on HNCSCC. The PPV of p16 for HPV was 8.33%, which was very low compared
with 92.9% for OPSCC in a previous study [34], and there was no significant relationship between
HPV and p16. (p>0.99) This suggests that the relationship between p16 expression and HPV status
may differ between OPSCC and HNCSCC, highlighting the need for further research to elucidate the
role of p16 in HNCSCC pathogenesis and its potential utility as a prognostic biomarker.

One possible explanation for the low positivity rate of p16 in HNCSCC is the influence of UV
radiation exposure, a known risk factor for cutaneous SCC. UV exposure induces DNA damage and
promotes genomic instability, leading to the accumulation of mutations in key regulatory genes such
as p53, which may disrupt normal cell cycle regulation and override the compensatory mechanism
of pl6 overexpression in HPV-related OPSCC [23]. Furthermore, other environmental and genetic
factors specific to cutaneous SCC may modulate p16 expression independently of HPV status, further
complicating its utility as a prognostic biomarker for HNCSCC. Overall, the contrasting positivity
rates of pl6 in OPSCC and HNCSCC highlight the complex interplay among HPV infection, UV
radiation exposure, and other etiological factors in the pathogenesis of head and neck cancer. Further
research is required to elucidate the mechanisms underlying p16 expression in HNCSCC and its
potential prognostic significance in these tumors.

The location of HNCSCC was classified as Area H and the Area M to indirectly confirm the
relationship between pl6 expression and HNCSCC prognosis. According to the National
Comprehensive Cancer Network guidelines, SCC located in Area H has a high probability of
recurrence and metastasis and requires Mohs microsurgery [35]. In this study, the relationship
between p16 and tumor location was not statistically significant (p=0.444), indication no correlation
between p16 and a favorable prognosis in HNCSCC.

This study has several limitations that should be acknowledged. First, it was conducted at a
single institution and focused on a specific racial demographic, which may limit the generalizability
of the findings to other populations. Additionally, the sample size was relatively small, comprising
only 62 cases with a limited number of HPV-positive samples. Furthermore, HPV, p16, and p53
statuses were determined using IHC staining methods rather than more sensitive techniques such as
PCR. While IHC staining is commonly used for clinical diagnosis, its sensitivity and specificity for
detecting HPV and other molecular markers may vary, potentially leading to the misclassification of
cases [36]. Moreover, the lack of direct information on survival outcomes and prognosis limits the
assessment of the long-term implications of HPV, pl6, and p53 expression patterns on patient
outcomes.

5. Conclusions

This study found that the positive rate of HPV in HNCSCC was lower than that reported in
studies conducted in North America. Furthermore, the positive rate of p53 did not demonstrate a
significant difference compared to findings in Caucasian populations. Notably, p16, which is often
considered a surrogate marker for HPV in OPSCC, was not significantly associated with HPV in
HNCSCC. The PPV of p16 for HPV was 8.33%, indicating that p16 may not be a suitable surrogate
marker for HPV in HNCSCC. Additionally, p16 expression was not associated with a favorable
prognosis in HNCSCC.

This study contributes to our understanding of the relationship between HPV, p53, and p16 in
HNCSCC, an area that has received less attention than OPSCC in previous studies. Moreover, the
study's focus on Asian populations provides valuable insights, as most previous studies have been
conducted on Caucasians. Overall, this study may aid in further elucidating the complex interplay
between HPV infection and the molecular markers of HNCSCC among Asian populations, thus
providing future research directions and clinical management strategies.
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