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Purpose: To explore the effect of human papillomavirus (HPV) status on prognosis and further investigate whether human papillomavirus (HPV) status has an impact on the local treatment strategies for T1-2N0 oropharyngeal squamous cell cancer (OPSCC) patients.

Methods: Patients diagnosed with T1-2N0 OPSCC between 2010 and 2015 were included from the Surveillance, Epidemiology, and End Results database. Data were analyzed using propensity score matching (PSM), Chi-square test, Kaplan-Meier survival analysis, and Cox multivariable analyses.

Results: A total of 1,004 patients were identified, of whom 595 (59.3%) had HPV-related tumors. Of all the patients, 386 (38.4%) and 618 (61.6%) received definitive radiotherapy and radical surgery, respectively. HPV status had no significant effect on local treatment strategies for early-stage OPSCC (P = 0.817). The 3-year cancer-specific survival (CSS) and overall survival (OS) were 89.6 and 80.1%, respectively. Compared to those with HPV-negative diseases, patients with HPV-positive diseases had better CSS and OS. A total of 222 pairs of patients were completely matched after PSM. The results of multivariate Cox regression analysis showed that patients with HPV-positive disease had significantly better CSS (P = 0.001) and OS (P < 0.001) compared to those with HPV-negative tumors. However, local treatment strategy was not associated with survival outcomes after PSM (CSS, P = 0.771; OS, P = 0.440). The subgroup analysis showed comparable CSS and OS between those treated with radical surgery and definitive radiotherapy regardless of HPV status.

Conclusions: HPV status is an independent prognostic factor for the survival of stage T1-2N0 OPSCC patients. Local treatment strategies had no significant effect on the survival of early-stage OPSCC regardless of HPV status. Patients with early-stage OPSCC should be informed regarding the pros and cons of definitive radiotherapy or radical surgery.
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Introduction

The steady rise in the incidence of oropharyngeal cancer (OPC) has aroused people's concern (1). Approximately 93,000 cases were newly diagnosed with OPC and 51,000 cases died worldwide in 2018 (2). Squamous cell carcinoma (SCC) is the most common histological subtype in patients with tumors located in the oropharynx. Human papillomavirus (HPV) may play a leading role in the elevated incidence of OPC (1). The statistics from the United States (US) showed that the proportion of HPV-positive OPC patients increased from 16.3% in the year 1984–1989 to 71.7% in the year 2000–2004 (3). HPV-positive oropharyngeal squamous cell carcinoma (OPSCC) has specific clinical features, including poorly differentiation, lower tumor stage, and higher nodal stage. In addition, HPV-related tumors have better sensitivity to radiotherapy and chemotherapy contributing to a better survival outcome (4–7).

Unlike oral cancer, most patients with OPSCC are diagnosed with locally advanced stage (60 vs. 89%) (8, 9). Although the proportion of early-stage (T1-2N0) OPSCC is relatively low, they have excellent outcomes, especially for those with HPV-positive tumors. In the current National Comprehensive Cancer Network (NCCN) treatment guidelines, radical surgery or definitive radiotherapy is the optional treatment for early-stage OPSCC regardless of the HPV status (10). However, the role of HPV status in local treatment strategies of early-stage OPSCC remains unclear. Since different local treatment strategies have their pros and cons, exploring the effect of different local treatment strategies on survival outcomes according to different HPV status have important clinical implications for early-stage OPSCC. In light of this, our study aimed to explore the effect of HPV status on prognosis and further investigate whether HPV status has an impact on the local treatment strategies for T1-2N0 OPSCC patients.



Materials and methods


Database and patient selection criteria

The database of head and neck cancer (HNC) with HPV status was released by the Surveillance, Epidemiology, and End Results (SEER) program in 2018 (11). It includes 40,866 HNC patients including HPV status and treatment strategies from 2010 to 2015. The HPV status in the database were classified as HPV-positive, HPV-negative, and unknown. Patients who met the following criteria were included: (1) stage T1-2N0 OPSCC; (2) diagnosed between 2010 and 2015; (3) known HPV status; (4) received definitive radiotherapy or radical surgery. Patients who were treated with partial excision of the primary site, local tumor excision, or local tumor destruction were excluded. HPV status was tested using immunohistochemistry for p16 and/or polymerase chain reaction (PCR) or in situ hybridization (ISH)-based methods of pathologic specimens from either the primary oropharyngeal tumors or the corresponding cervical lymph node metastases. This HPV data set is reviewed by a SEER data-quality team to ensure accuracy (12). This study used a public de-identified SEER database and the institutional review board approval was waived.



Data collection

Details were selected including age at diagnosis, gender, race, primary tumor sites, tumor grade, tumor (T) stage, HPV status, and local treatment strategies. We included oropharynx cancer involving soft palate, tongue base, pharyngeal tonsil, and oropharynx not otherwise specified (NOS). The seventh edition of the American Joint Committee on Cancer staging system was used to classify TNM staging. Cancer-specific survival (CSS) and overall survival (OS) were selected as the primary endpoints in this study. CSS was defined as the time from the initial diagnosis of OPSCC to the death of head and neck cancer. OS was defined as the time from the initial diagnosis of OPSCC to death from various causes.



Statistical analysis

The association of categorical variables was compared using the Chi-square test and Fisher's exact test. The Kaplan-Meier methods were used to sketch survival curves and a log-rank test was used to compare the difference in survival outcomes. Multivariable Cox regression models were performed to determine the independent factors associated with CSS and OS. Propensity score matching (PSM) was used to reduce selection bias, including the following characteristics: race, age at diagnosis, gender, primary tumor site, tumor grade, T stage, and HPV status (13). SPSS statistical software (version 25.0, IBM Corporation, Armonk, NY, USA) was used for data analysis. P < 0.05 was considered to be statistically significant.




Results


Patients' clinicopathological characteristics before PSM

A total of 1,004 patients were included in this study (Table 1). Of these patients, the majority were male (n = 753, 75.1%), T2 stage (n = 612, 61.0%), and white race (n = 905, 90.1%). Tonsil predominated with 53.8% (n = 540) of the primary tumor site, followed by tongue base (n = 324, 32.3%), palate soft (n = 75, 7.5%), and oropharyngx NOS (n = 65, 6.5%). Of the 867 patients with available tumor grade, 7.8% (n = 68), 44.5% (n = 386), and 47.6% (n = 413) of patients had well differentiated, moderately differentiated, and poorly or undifferentiated diseases.


TABLE 1 Patients and treatment characteristics by treatment strategies before and after propensity matching analysis.
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Regarding the HPV status, there were 595 (59.3%) patients with HPV-positive tumors and 409 (40.7%) with HPV-negative tumors. The rate of HPV positivity was 52.9, 53.7, 55.9, 64.4, 57.9, and 62.9% from 2010 to 2015, respectively (P = 0.210). Patients with HPV-positive disease were more likely to be white race (P = 0.001), aged <50 years (P < 0.001), male (P < 0.001), tumor located in the tonsil (P < 0.001), poorly or undifferentiated disease (P < 0.001), and T2 stage (P = 0.001; Table 2).


TABLE 2 Patient and treatment characteristics by HPV status.
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Local treatment strategies

Of all the patients, 618 (61.6%) received radical surgery, and 386 (38.4%) were treated with definitive radiotherapy. In patients who received radical surgery, 274 (44.3%) received additional post-operative radiotherapy, and one (0.2%) patient received intraoperative irradiation. Moreover, in patients who received definitive radiotherapy (n = 386), two patients were treated by a combination of the beam with implants or isotopes. Patients with white race (P = 0.014), tumor located in the tongue base (P < 0.001), and T2 stage (P < 0.001) were more likely to receive definitive radiotherapy. Patients with T2 disease had a higher rate of post-operative radiotherapy than those with T1 disease (P < 0.001). However, HPV status had no significant effect on local treatment strategies for early-stage OPSCC (P = 0.817).

The proportion of local treatment strategies over time has been depicted in Figure 1. There was no significant difference in the receipt of definitive radiotherapy or radical surgery over time (P = 0.794), and there was also no significant difference between the two treatment arms over time regardless of HPV status (HPV-negative, P = 0.525; HPV-positive, P = 0.637). Similar results were found after stratification by T stage (all P > 0.05).


[image: Figure 1]
FIGURE 1
 Patients' treatment strategies according to the year of diagnosis.




Survival

With a median follow-up of 31 months (range, 0–83 months), 96 patients died from head and neck cancer, including 70 patients with HPV-negative tumors. The 3-year CSS and OS were 89.6 and 80.1%, respectively. Compared to those with HPV-negative diseases, patients with HPV-positive diseases had better survival outcomes. The 3-year CSS was 95.2 and 81.1% in those with HPV-positive and HPV-negative diseases, respectively (P < 0.001, Figure 2A). The 3-year OS was 90.9 and 65.7% in those with HPV-positive and HPV-negative diseases, respectively (P < 0.001, Figure 2B).


[image: Figure 2]
FIGURE 2
 Kaplan-Meier plots of cancer-specific survival (A) and overall survival (B) by HPV status before propensity score matching (PSM).




Prognostic analyses before and after PSM

Multivariate Cox regression analyses were used to determine prognostic factors related to CSS and OS (Table 3). The results showed that black race [hazard ratio (HR) 2.130, 95% confidence interval (CI) 1.185–3.831, P = 0.012], age ≥50 years (HR 1.569, 95%CI 1.043–2.361, P = 0.031), T2 stage (HR 1.653, 95%CI 1.050–2.601, P = 0.030) and HPV-negative status (HR 3.795, 95%CI 2.317–6.215, P < 0.001) were the independent prognostic factors associated with inferior CSS. Regarding OS, the results indicated that black race (HR 1.734, 95%CI 1.110–2.708, P = 0.016), age ≥50 years (HR 2.014, 95%CI 1.509–2.687, P < 0.001), and HPV-negative status (HR 3.782, 95%CI 2.676–5.343, P < 0.001) were the independent prognostic factors associated with inferior OS. Patients with primary tumors located in the tonsil (HR 0.597, 95%CI 0.380–0.939, P = 0.026) had better OS compared to those with tumors located in the palate soft. However, the local treatment strategy was not associated with survival outcomes in the multivariate analysis before PSM.


TABLE 3 Multivariate Cox analysis for overall survival and cancers specific survival before and after propensity matching analysis.
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A total of 222 pairs of patients were completely matched after PSM (Table 1). The results of multivariate Cox regression analysis showed that patients with HPV-positive disease had significantly better CSS (HR 0.227, 95%CI 0.098–0.529, P = 0.001) and OS (HR 0.239, 95%CI 0.137–0.417, P < 0.001) compared to those with HPV-negative tumors. In addition, T stage and age at diagnosis were also the independent prognostic factors associated with survival outcomes. However, local treatment strategy was also not associated with survival outcomes after PSM.



Effect of local treatment strategies on survival according to HPV status before and after PSM

For patients with HPV-negative diseases, there was no significant difference in CSS between the radical surgery group and definitive radiotherapy group (P = 0.198) (Figure 3A) before PSM. However, patients treated with radical surgery had better OS compared to those treated with definitive radiotherapy (P = 0.005) (Figure 3B). A total of 93 pairs of HPV-negative patients were completely matched after PSM. The results also showed comparable CSS (surgery vs. radiotherapy: P = 0.922) and OS (surgery vs. radiotherapy: P = 0.288) between those treated with radical surgery and definitive radiotherapy after PSM (Figures 4A,B).
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FIGURE 3
 Kaplan-Meier plots of cancer-specific survival (A) and overall survival (B) for HPV-negative patients and cancer-specific survival (C) and overall survival (D) for HPV-positive patients before PSM.
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FIGURE 4
 Kaplan-Meier plots of cancer-specific survival (A) and overall survival (B) for HPV-negative patients and cancer-specific survival (C) and overall survival (D) for HPV-positive patients after PSM.


Regarding HPV-positive tumors, there was no significant difference in CSS (P = 0.750) and OS (P = 0.444) for patients treated with definitive radiotherapy compared to those treated with radical surgery before PSM (Figures 3C,D). A total of 129 pairs of HPV-positive patients were completely matched after PSM. Similar results also found after PSM (CSS: P = 0.666; OS: P = 0.986) (Figures 4C,D).




Discussion

In our study, we aimed to identify the effect of HPV status on prognosis and local treatment strategies in stage T1-2N0 OPSCC patients. We found that patients with HPV-related OPSCC had better survival outcomes compared to those with HPV-negative tumors. However, local treatment strategies had no significant effect on survival outcomes regardless of HPV status.

The percentage of HPV-related OPSCC was 44.8% of OPSCC patients worldwide according to a large meta-analysis (14). There were significant differences in the rate of HPV positivity between the Eastern and Western countries. The prevalence can reach up to about 60–74.5% in several Western countries including Sweden, Denmark, and the US (15–17). However, in the Eastern countries including China and Japan, only 20–40% of patients were diagnosed with HPV-related OPSCC (18, 19). These findings can be explained by regional differences in HPV infection rates. In our study, using the data from the US SEER program, there were 59.3% of patients suffered from HPV-related OPSCC. We should notice that the proportion of HPV-related OPSCC has increased from 16.3 to 71.7% over the past 15 years in the US (3). Although there were no statistically significant differences, we found that the HPV positivity rate increased from 52.9% in 2010 to 62.9% in 2015.

Similar to the previous studies, we also found that patients with HPV-related OPSCC were more likely to be male, younger, with poorly or undifferentiated disease, and with tumors located in the tonsil (3–5, 20–22). In those with HPV-OPSCC, male patients were more likely than female patients to have an HPV infection (80.8 vs. 19.2%). This may be due to the fact that the HPV viral load of the female genital mucosa is higher HPV than that of the male genital mucosa/skin, and thus men who perform oral sex to women have higher viral dose exposures than vice versa (23, 24). However, patients with HPV-related OPSCC were less likely to have a history of tobacco and alcohol use compared to HPV-negative OPSCC patients (24). Therefore, HPV-positive OPC has specific demographic and clinicopathological features. However, prior studies have shown that patients with HPV-positive tumors were more likely to be smaller primary tumors (25, 26), while more patients with HPV-related tumors had a higher incidence of larger tumor size (T2 stage) than those with HPV-negative tumors in our study. We only included patients with stage T1-2 and node-negative diseases in this study, which was not consistent with the above studies that included patients with stage T1-4N0-3 disease (25, 26). Moreover, it is well known that HPV status is a favorable prognostic factor, HPV-positive OPSCC patients have a better survival outcome compared to HPV-negative patients (7). In this study, we included patients with stage T1-2N0 OPSCC, we also found those with HPV-related tumors had significantly better survival outcomes than those with HPV-negative tumors.

In the current treatment recommendation from the NCCN guidelines, radical surgery or definitive radiotherapy is an optional treatment despite HPV status in early-stage OPSCC (11). Similar treatment strategies are currently recommended in the new version of the Chinese Society of Clinical Oncology (CSCO) guidelines (27). Radiotherapy is a non-invasive technique to cure head and neck cancer patients with organ preservation. However, radiotherapy to the head and neck region may also have several short-term and long-term side effects, including radiation-induced oral mucositis and xerostomia (28, 29). In the contemporary radiotherapy era, those side effects have greatly decreased because the dose to the organs at risk has been significantly reduced (30). The results from Di Gravio et al. showed that patients receiving modern intensity-modulated radiation therapy had outstanding survival and low rates of severe toxicity (31). Meanwhile, minimally transoral robotic surgery (TORS) has been rapidly developed for the treatment of OPSCC which could reduce the toxicity of surgery due to incisions including tracheostomy and deglutition (32–34). According to the study by Cracchiolo et al. using National Cancer Data Base (NCDB), they found that the proportion of surgical treatment increased from 56% in 2004 to 82% in 2013 because the US Food and Drug Administration approved TORS in 2009 (35).

In our cohort, the trend that radical surgery was the first choice for the majority of patients (57.1–64.7%) was stable over time. The ORATOR study compared the quality of life (QOL) and survival outcome between TORS and radiotherapy (RT) for T1-T2N0-2 OPSCC patients (88% of patients had HPV-related tumors) (36). Longitudinal QOL scores were statistically superior after radiotherapy. However, TORS and radiotherapy had differing toxicity profiles, but comparable long-term survival outcomes. TORS group started to use more nutritional supplements at 3 years, while dry mouth scores were higher in the radiotherapy group over time. We should notice that 71% of patients received additional post-operative radiotherapy after TORS in the ORATOR study. In our cohort, 44.5% of patients received additional radiotherapy after radical surgery. Kelly et al. also found that up to 59.1% of OPSCC patients with positive margins and/or extracapsular extension received additional concurrent chemoradiotherapy after receiving surgery (37). Post-operative radiotherapy can bring additional side effects, and ~50% of early-stage OPSCC still requires post-operative radiotherapy. Therefore, patients with early-stage OPSCC should be informed regarding the pros and cons of both treatment options before treatment begins.

In our study, we also investigated whether the HPV status would impact the local treatment strategies in early-stage OPSCC, and we found similar survival between definitive radiotherapy and radical surgery after PSM regardless of HPV status. Two previous studies included stage T1-2N1-2b OPSCC, both came to the same conclusion that the OS was comparable between surgery and definitive radiotherapy regardless of HPV status (37, 38). Thus, HPV status is more indicative of prognosis rather than being included in treatment strategies for OPSCC. There were amounts of studies aiming at reducing the treatment intensity appropriately for HPV-positive OPSCC to improve QOL, without impairing survival outcomes (39).

There are several limitations to the content of this study. First, although we have used PSM analysis to minimize potential selection bias, our findings were from a retrospective observational study and the treatment was not randomized. Second, it was not unambiguous of HPV testing methods and whether HPV status was identified before or after the surgery. In the SEER database regarding HPV status, p16, PCR, or ISH methods were used to determine the status of HPV infection. However, the specific testing methods for HPV status are not recorded in the SEER database. A previous study showed high concordance among the three diagnostic tests, with sensitivity and specificity of 88–97% and 82–88% for the three HPV testing methods, respectively (40). Furthermore, several factors that may influence the prognosis were not recorded, including the status of resection margin, smoking, and alcohol consumption. Moreover, the radiotherapy technique, as well as the surgical technique, were also not recorded in the SEER database. Finally, the patterns of locoregional and distant recurrence were also not included in the SEER database.



Conclusions

HPV status is an independent prognostic factor for the survival of stage T1-2N0 OPSCC patients. Local treatment strategies had no significant effect on the survival of early-stage OPSCC regardless of HPV status. Patients with early-stage OPSCC should be informed regarding the pros and cons of definitive radiotherapy or radical surgery.
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