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Introduction: This study aimed to investigate the positive rate of human papillomavirus (HPV) and its trend in head and neck squamous cell carcinoma (HNSCC) in South Korea and to evaluate the clinical differences between HPV-positive and -negative tumors.

Methods: We studied 300 patients with HNSCC arising in the oropharynx (n = 77), oral cavity (n = 65), larynx (n = 106), hypopharynx (n = 40), and sinonasal cavity (n = 12), treated in a tertiary university hospital in South Korea from January 2008 to July 2020. HPV status was determined using p16 immunohistochemical staining of formalin-fixed paraffin-embedded tissues.

Results: Of the 300 patients with HNSCC, the positive rate of p16 was 30.3% (91/300). The p16 positive rate was 70.1, 13.9, 20.8, 15, and 0% in the oropharynx, oral cavity, larynx, hypopharynx, and sinonasal cavity, respectively. HPV-positive oropharyngeal squamous cell carcinoma (OPSCC) patients were significantly younger than HPV-negative OPSCC patients. The positive rate of HPV in OPSCC has increased over time from 2008 to 2020, but has not changed significantly in the other primary sites. The disease-free survival curve of HPV-positive OPSCC was significantly better than that of HPV-negative tumors.

Conclusion: The positive rate of HPV in Korean patients with OPSCC is significantly high (70.1%), similar to that in North America and Europe, and has increased abruptly in the past 12 years.
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INTRODUCTION

Traditionally, smoking and alcohol drinking have been known to be major causes of head and neck squamous cell carcinoma (HNSCC). Recently, human papillomavirus (HPV) infection emerged as an important cause of HNSCC, especially for oropharyngeal squamous cell carcinoma (OPSCC) (1–5).

HPV is a double-stranded DNA virus that causes abnormal cell proliferation and genomic instability (6). HPV acts as a carcinogen in the cervix, vulva, vagina, penis, anus, and the oropharynx. HPV for head and neck cancer was reported first in 1983 (7). In 2007, the International Agency for Research on Cancer (IARC) recognized HPV as a carcinogen for HNSCC (4). Of more than 200 types of HPV, the most common high-risk type HPV for HNSCC is type 16, followed by type 33 and type 18 (8). As HPV infection is mostly sexually transmitted, an increasing number of HPV-positive HNSCC might be related with changes in sexual behavior (5, 9, 10). HPV-positive OPSCC patients generally tend to be younger and sexually active males, consume less or no alcohol, and are non-smokers (11, 12). Most HPV-positive OPSCC present with early T classification, while often having cystic and multi-level nodal metastases (13). However, HPV-positive OPSCC showed better survival outcomes compared with HPV-negative tumors (5, 14, 15).

The prevalence of HPV in HNSCC is quite diverse, depending on the region and country. In general, the incidence of HPV-related OPSCC has increased over time, and most HPV-unrelated HNSCC decreased or remained stable (2, 16). According to a systematic review study performed in Europe, the positive rate of HPV in OPSCC ranges from 18–65% (17). Another meta-analysis study reported a sharp increase in the proportion of HPV-positive OPSCC up to 72.2% between 2005 and 2009 in North America and Europe (18).

However, the HPV positive rate and recent incidence trend in HNSCC have not been thoroughly investigated in South Korea. Thus, this study aimed to investigate the positive rate of HPV and its trend in HNSCC in South Korea and to evaluate the clinical differences between HPV-positive and HPV-negative HNSCC, especially for OPSCC.



MATERIALS AND METHODS

We retrospectively analyzed all patients with HNSCC in the oropharynx, oral cavity, larynx, hypopharynx, and sinonasal cavity treated in a tertiary university hospital in Seoul, South Korea, from January 2008 to July 2020. All patients were diagnosed with squamous cell carcinoma (SCC) pathologically. We excluded patients with nasopharyngeal cancer, salivary cancer, skin cancer, and unknown primary tumors. We also excluded those who had malignant tumors other than SCC, those who had incomplete medical records or were not followed up for at least six months, or those whose formalin-fixed paraffin-embedded tissue blocks were not available (especially patients diagnosed before 2008 because the paraffin blocks were available from 2008 in our institute) from the study. After these exclusions, finally, 300 patients were included and analyzed in this study. This study was approved by the Institutional Review Board (IRB) (IRB No: 2020-07-046).

HPV status of primary tumors was determined using p16 immunohistochemistry (IHC) staining. IHC was performed on 4-μm thick, formalin-fixed, paraffin-embedded tissue sections using the Ventana Benchmark XT automated staining system (Ventana Medical Systems, Tucson, AZ, USA) according to the manufacturer's instructions. Immunohistochemical staining for p16 was performed using the CINtec Histology Kit (clone E6H4, REF 805-4713, Ventana Medical Systems, Tucson, AZ, USA). P16 IHC results were considered positive when there was diffuse moderate or strong nuclear and cytoplasmic staining with grade 2 (moderate) or 3 (strong) intensities and more than 75% distribution in the tumor cells according to the American Joint Commission on Cancer (AJCC) 8th guidelines (19).

We reviewed the medical records and analyzed the demographic and clinicopathological characteristics, including smoking, alcohol consumption, extracapsular spread, TNM stage, treatment methods, recurrence, and survival. TNM staging was categorized according to the American Joint Commission on Cancer (AJCC) Staging Manual 8th edition (19).

SPSS 21.0 (IBM, Armonk, NY) was used for statistical analysis. The chi-square test and Fisher's exact test were used to compare sex, extracapsular spread, smoking, alcohol consumption, TNM staging, and treatment methods between patients with HPV-positive and -negative tumors. A t-test was used for age. Statistical significance was set at P < 0.05. Overall survival (OS) and disease-free survival (DFS) curves were analyzed over 5 years using the Kaplan-Meier method.



RESULTS

Of 300 patients with HNSCC, the distribution of the primary site was the oropharynx in 77 patients (25.7%), oral cavity in 65 (21.7%), larynx in 106 (35.3%), hypopharynx in 40 (13.3%), and sinonasal cavity in 12 (4%).

The demographics and clinicopathological characteristics of the patients are summarized in Table 1. Of the 300 patients, 246 were males and 54 were females. The proportion of females was higher in the oral cavity cancer site than in the other primary sites (P < 0.001). The mean age was 62.3 ± 11.3 years. The mean age was not significantly different between the five primary sites (P = 0.081). Thirty-nine percent of the patients were smokers, and 46% of patients consumed alcohol. The incidence of alcohol consumption was higher in hypopharyngeal cancer than in the four other primary site cancers (P = 0.026). The proportion of patients with advanced stage (stage III/IV) was higher in hypopharyngeal and sinonasal cancers (P < 0.001). In terms of treatment, the proportion of definitive radiation or concurrent chemoradiation therapy was higher in hypopharyngeal and sinonasal cancers (P < 0.001).


Table 1. Demographics and characteristics of patients with head and neck squamous cell carcinoma.
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Of the 300 patients, the positive rate of p16 was 30.3% (91/300). The positive rate of p16 was 70.1, 13.9, 20.8, 15, and 0% in the oropharynx, oral cavity, larynx, hypopharynx, and sinonasal cavity, respectively. The HPV-positive rate was significantly higher in OPSCC than in the other primary sites (P < 0.05) (Table 1).

Comparisons of HPV-positive and HPV-negative tumors are shown in Table 2. In the oropharynx, the mean age of HPV-positive OPSCC was significantly lower than that of HPV-negative OPSCC (58.6 and 64.2 years in HPV-positive and -negative OPSCC, respectively, P = 0.024). The proportion of patients with advanced stage (stage III/IV) was significantly lower in HPV-positive OPSCC than in HPV-negative tumors (P < 0.001). Sex, smoking, alcohol consumption, T classification, and N classification were not different between HPV-positive and HPV-negative OPSCC. In the other primary sites, including the oral cavity, larynx, hypopharynx, and sinonasal cavity, all parameters, such as age, sex, smoking, alcohol consumption, TNM stage, and treatment methods did not differ between the HPV-positive and-negative tumors.


Table 2. Comparisons of head and neck squamous cell carcinoma according to HPV status.
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When comparing the four sub-sites of the oropharynx, the positive rate of HPV was 78.4% (40/51) in the tonsil, 61.9% (13/21) in the base of the tongue, 0% (0/1) in the soft palate, and 25% (1/4) in the posterior wall (Table 3).


Table 3. Comparisons of oropharyngeal squamous cell carcinoma according to the sub-site.
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HPV positivity in OPSCC tended to increase over time from 2008 to 2020 (Figure 1). The positive rate of HPV infection in OPSCC was 33.3% in 2008–2009 and increased to 83.3% in 2020. The incidence of HPV-positive and HPV-negative OPSCC was reversed between 2009 and 2010 (Figure 1). In the other primary sites, the positive rate of HPV did not change significantly over the years (Figure 2).


[image: Figure 1]
FIGURE 1. Positive rate of human papillomavirus (HPV) in oropharyngeal squamous cell carcinoma.
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FIGURE 2. Positive rate of human papillomavirus (HPV) in squamous cell carcinoma of the oral cavity, larynx, hypopharynx, and sinonasal cavity.


The median follow-up time after treatment was 34 months (range, 6–124 months). The Kaplan-Meier curve of DFS of HPV-positive OPSCC was significantly higher than that of HPV-negative OPSCC (Figure 3). The OS curves were not statistically different between HPV-positive and HPV-negative OPSCC, although the OS of HPV-positive OPSCC tended to be higher than that of negative tumors. The DFS and OS curves did not differ between HPV-positive and HPV-negative tumors in patients with oral cancer, laryngeal cancer, and hypopharyngeal cancer. According to the stage, the DFS of stage I/II disease was significantly higher than that of stage III/IV disease in OPSCC and cancer of other primary sites.
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FIGURE 3. Disease-free survival of oropharyngeal squamous cell carcinoma according to human papillomavirus (HPV) status (P = 0.028).




DISCUSSION

The prevalence of HPV in OPSCC is rising worldwide, starting from developed Western countries, and it differs significantly across different countries and cultures (16, 20). The well-known high-burden regions for HPV in OPSCC are North America and northern Europe, including the United States [81.6% (21), 74% (22), 67% (23), 66% (24), 65% (25), and 58% (26)], Canada (57%) (27), Sweden [68% (28), 70% (29), and 85% (30)], Denmark (52%) (31), France [46.5% (32) and 50.4% (33)], and Norway [52% (34) and 77% (35)].

Southeast Europe is known to be a relatively low-burden region in Western countries. However, a study conducted in Greece showed an increased rate of HPV-positive OPSCC in 2000–2007 (50%) compared to that in 1992–1998 (17%) (36). A recent increased incidence of HPV-positive OPSCC was also reported in Spain from 8.2% in 2007–2011 to 21.5% in 2012–2016 (37). Another study conducted in Italy also showed an increase in HPV-positive OPSCC from 16.7% in early 2000–2006 to 46.2% in 2013–2018 (38). In Australia, the positivity rate of HPV in OPSCC increased from 20.2% in 1987–1995 to 63.5% in 2006–2010 (10). In Brazil, a study using a birth cohort revealed an increase in HPV-related oropharyngeal/oral cancer in young males and females (12).

Asia has a relatively lower prevalence of HPV-positive OPSCC, although the incidence has been increasing in recent years. One study revealed an increasing incidence of HPV in Thailand, with an annual increase of 2% from 16% in 2012 to 26% in 2017 (39). The HPV-positive rate of OPSCC in Asia was reported to be 28% in Thailand (40), 12.6% in Taiwan (41), 22.8% in India (42), 39% in southern China (43), 45% in Singapore (44), and 44% in Japan (45).

In this study, the HPV-positive rate of OPSCC was 70.1%, and the positive rate showed a dramatic increase from 33.3% in 2008–2009 to 80% in 2020. HPV-positive OPSCC outnumbered HPV-negative OPSCC in 2009–2010. The recent positive rate of HPV in OPSCC in South Korea seems to be similar to that in Western countries. Chaturvedi et al. revealed a rising incidence of HPV-positive OPSCC in the United States, from 16.3% in the 1980s to 71.7% in the 2000s (9). In their study, HPV-positive OPSCC outnumbered HPV-negative OPSCC in the mid-1990s (9). The time gap when HPV-positive OPSCC overtakes HPV-negative OPSCC is approximately 15 years between the United States and South Korea.

In previous studies performed in South Korea for patients in 1994–2010, the positive rate of HPV in OPSCC ranged from 23.4 to 49.5% (46–50). In a recent study conducted in South Korea, the positive rate of HPV was 73% by p16 IHC in patients with OPSCC between 2011 and 2019, similar to that shown in this study (51). Recently, Jung et al. performed a study using the Korea Central Cancer Registry to evaluate the recent incidence trend of head and neck cancer (52). They reported increased HPV-related oropharyngeal cancer and a slight decrease in HPV-unrelated head and neck cancer. Interestingly, the incidence of tonsillar cancer increased continuously from 1999 to 2011 but seemed to stabilize thereafter until 2020 (52). However, they did not evaluate the HPV status in their study. Therefore, they could not confirm that the increase in tonsillar cancer was associated with increased HPV-positive cancer. The current study showed that the positive rate of HPV in OPSCC tended to increase over time from 2008 to 2020, similar to the increase in oropharyngeal cancer in Jung's study. Therefore, this study might suggest that the increased incidence of OPSCC in South Korea is associated with an increase in HPV-positive tumors.

Generally, the positive rate of HPV in the other primary sites is low compared to that in the oropharynx. In this study, HPV positivity was 13.9, 20.8, and 15% in the oral cavity, larynx, and hypopharynx, respectively. The incidence of HPV positivity in oral cancer was reported to be 26% in Croatia (53), 31% in India (42), 6.9% in the United States (54), 10.5% in France (32), 3.4% in Brazil (55), and 0.6% in South Korea (51). The HPV-positive rate of laryngeal cancer was also diverse across countries. It was 4% in Mexico (56), 7.2% in Thailand (39), 9% in Italy (57), 10.6% in Austria (58), 11.6% in South Korea (51), 20% in Turkey (59), 25.8% in China (43), and 60% in Spain (60). The HPV positivity of hypopharyngeal cancer varied from 5% (61) and 21.6% (62) in the United States, 4.1% in Austria (58), 5% in Spain (60), 16.5% in Sweden (63), and 10% in South Korea (64). An international multicenter study performed in 2016, including 29 countries, reported a 3.9% HPV positivity rate in hypopharyngeal cancer (65).

In sinonasal cancer, the rate of HPV positivity was 20% in India (66), 23% (67) and 53% (68) in the United States, 15.7% in Eastern China (69), and 28% in South Korea (51). The current study revealed 0% (0/12) of HPV positivity in sinonasal cancer, which is significantly different from that found in other studies. This might be associated with the small sample size of the 12 patients in this study. Further studies with a larger sample size are necessary to clarify the positive rate of HPV in sinonasal cancer.

Currently, there is no standard method to examine the HPV status of clinical cancer samples. The targets for HPV testing might include p16 protein, HPV DNA or mRNA, viral oncoproteins, and HPV-specific serum antibodies (6). The reliable and effective tool is determined by accuracy, feasibility, and cost-effectiveness. The method of directly detecting viral DNA using polymerase chain reaction (PCR) has high sensitivity and can identify high-risk HPV (70). In situ hybridization (ISH) enables direct identification of HPV in topographical relationship to tumor cells (70). However, the most popular and cost-effective method for the detection of HPV is p16 IHC. The overexpression of p16 is a surrogate indicator of HPV infection (70). The eighth edition of the AJCC cancer staging guidelines recommends p16 IHC as a standard marker for HPV infection in OPSCC (19). However, p16 IHC might not be sufficient as a single marker for detection of HPV infection because approximately 10–15% of p16 positive tumors do not reveal the presence of HPV in ISH or PCR testing for the virus (71, 72). This study evaluated HPV status using only p16 IHC, which is more widely used clinically than HPV PCR or ISH. Therefore, caution should be exercised when interpreting the results of this study.

It is known that the survival rate of HPV-positive OPSCC is better than that of HPV-negative tumors (5, 14, 15, 35). This study confirmed that the DFS of HPV-positive OPSCC is significantly better than that of HPV-negative tumors (P = 0.028), similar to that reported in previous studies.

This study had some limitations. First, it was a retrospective study conducted in a single institute, and this study included a relatively small sample size. Therefore, selection bias is inevitable. The results of this study may not represent the actual HPV status of HNSCC in South Korea. Second, we performed only p16 IHC staining without HPV genotyping to analyze the HPV status. Therefore, HPV status might not be determined precisely, although the AJCC guidelines recommend p16 IHC as the standard method. A further multicenter study with a larger study sample and additional HPV genotyping is necessary to overcome the limitations of this study.

Despite these limitations, it is noteworthy that this study is the first to show a significant increase in HPV positivity in OPSCC in South Korea during the past 12 years, close to the positive rate found in Western countries.



CONCLUSIONS

The positive rate of HPV was significantly higher in OPSCC than in other head and neck primary site cancers in South Korea. The HPV positivity of OPSCC has been increasing abruptly during the past 12 years, and it is becoming similar to the positive rate found in North America and Europe. The DFS of HPV-positive OPSCC was significantly better than that of HPV-negative tumors.
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