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Objective

To investigate the clinical characteristics and current treatment status of oropharyngeal squamous cell carcinoma (OPSCC) patients in Shanxi Province, China, and to examine the relationship between these factors and human papillomavirus (HPV) status, as well as identify risk factors influencing prognosis.





Methods

We retrospectively analyzed the medical records of 120 OPSCC patients from two tertiary hospitals in Shanxi Province. Statistical analyses were performed to assess the relationship between various clinicopathological factors, treatment modalities, and p16 status, as well as their impact on patient prognosis.





Results

The most common sub-anatomical sites of OPSCC were the tonsils and the base of the tongue, with a significantly higher proportion of p16-positive cases compared to other sub-sites (P = 0.033). The majority of cases were poorly differentiated squamous cell carcinoma (63 cases, 52.5%), of which 71.4% were p16-positive (P = 0.002). Patients with p16-positive OPSCC were more likely to present with a neck mass as the initial symptom (73.2%, P = 0.019). Overall, p16-positive OPSCC patients had a better prognosis (P = 0.008); however, p16-positive patients with primary tumors located in the soft palate and posterior pharyngeal wall did not show a significant prognostic advantage compared to p16-negative patients. Surgical treatment did not improve survival rates for OPSCC patients, particularly in the p16-positive group, where the survival curves showed significant separation approximately one year after treatment, indicating better outcomes in the non-surgical group.





Conclusion

In North China’s Shanxi Province, the incidence of HPV-associated OPSCC has surpassed that of OPSCC caused by smoking and alcohol use. p16-positive patients with primary tumors located in the soft palate and posterior pharyngeal wall have a poor prognosis, indicating that treatment de-escalation should be approached with caution. Traditional open surgical treatment, without consideration of HPV status, does not appear to benefit patients.
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Highlights

	The incidence of HPV-related OPSCC has reached 57.5% in North China’s Shanxi Province.

	Not all HPV-positive OPSCC cases exhibit favorable prognosis.

	Traditional open surgery, regardless of HPV status, does not benefit patients.






1 Background

In recent years, the proportion of human papillomavirus-associated oropharyngeal squamous cell carcinoma (HPV-OPSCC) among head and neck squamous cell carcinomas has significantly increased, leading to a rising incidence of OPSCC globally, with over 100,000 cases reported in 2020 (1). There is a marked variation in HPV infection rates among OPSCC patients in different countries. A 2021 study (2) reported a global HPV positivity rate of 31% among OPSCC patients, with rates ranging from 0% to 85% depending on the geographic region, and higher rates were observed in economically developed regions—for instance, the proportion of HPV-positive OPSCC cases in the United States had already increased to 75% by 2015.

Due to the significantly better prognosis associated with HPV-OPSCC, the latest American Joint Committee on Cancer (AJCC) staging system for oropharyngeal cancer now includes HPV tumor status, which can significantly reduce the tumor stage. Several clinical trials (3–6) are actively exploring treatment de-escalation approaches. However, as research progresses, some scholars (7) have found that not all HPV-OPSCC cases have favorable outcomes, with approximately 17.3% of HPV-OPSCC patients experiencing locoregional recurrence and 6.5% developing distant metastases within three years after treatment. Another study (8) showed that up to 5% of HPV-OPSCC patients experience persistent disease progression despite receiving curative treatment, leading to poor prognosis.

It is important to note that the role of HPV in OPSCC varies significantly depending on geographic, economic, and cultural differences. Most related studies have focused on developed Western countries, with fewer studies conducted in China. The epidemiology, clinical characteristics, and prognosis of HPV-positive OPSCC patients in the real-world setting of Shanxi, an economically underdeveloped region in North China, remain unclear. This issue warrants further investigation to address existing knowledge gaps and to provide evidence-based support for the development of precise diagnostic and treatment strategies for OPSCC across different regions of China. It holds substantial practical significance and broad applicability.




2 Materials and methods



2.1 General information



2.1.1 Study population

This study included 120 hospitalized patients with pathologically confirmed OPSCC who were treated between January 2017 and January 2024 at Shanxi Province Cancer Hospital and Shanxi Bethune Hospital.




2.1.2 Inclusion criteria

Eligible patients met the following criteria: A. Pathologically confirmed primary OPSCC with complete medical records; B. Completion of the standard diagnostic and treatment procedures; C. No concomitant malignant tumors during the study period; D. Availability of biopsy or postoperative pathological specimens; E. Comprehensive and complete follow-up data; F. Full understanding by the patients and their families of the multimodal treatment plan and postoperative follow-up requirements for OPSCC, with signed informed consent.




2.1.3 Follow-up

The first follow-up visit was conducted one month after treatment completion. Subsequently, follow-up was scheduled every 3 months within the first year, every 6 months for the next five years, and annually thereafter. The final follow-up date for this study was September 1, 2024.




2.1.4 Study endpoint and grouping

The primary endpoint of this study was overall survival (OS), defined as the time from initial diagnosis to death from any cause or the date of the last follow-up.

Patients were grouped based on p16 expression status. Age was dichotomized according to the median value of 58 years. Primary tumor subsites were classified into two categories based on the degree of lymphoid tissue enrichment. Treatment modality was grouped into surgical and non-surgical categories. The smoking index was calculated using pack-years (PY), defined as the number of cigarettes smoked per day divided by 20 and multiplied by the number of smoking years (PY = [cigarettes/day ÷ 20] × years). Patients were grouped based on the median PY value of 10. Tumor staging was determined according to the AJCC 8th edition TNM classification system.





2.2 P16 immunohistochemical staining

Formalin-fixed paraffin-embedded (FFPE) tissue blocks were sectioned into 4 μm-thick slices and baked at 72°C for 45 minutes using a drying oven (Model YD-A, Yidi Medical, Jinhua, Zhejiang, China). Immunohistochemical staining was performed using the Bond-III automated stainer (Leica Biosystems, Germany), which conducted deparaffinization, rehydration, antigen retrieval, and antibody incubation steps in sequence.

The primary antibody was a mouse anti-human p16 monoclonal antibody (clone E6H4, catalog no. 705-4713, Roche/Ventana), and the secondary antibody was EnVision FLEX/HRP (catalog no. K800021-2, Agilent/Dako). DAB chromogen solution (catalog no. DAB-0031, Solarbio) was applied for 3 minutes to visualize the immunoreactivity.

After DAB staining, the slides were rinsed with tap water and counterstained with hematoxylin solution (catalog no. HM-0102, Maixin Biotech) for 1 minute, differentiated for 1–2 seconds, and then blued in running water for 10–15 minutes. The slides were subsequently dehydrated through a graded ethanol series (75%, 95%, and 100%) and cleared in xylene I and II using an automated staining machine (Model HRS-14B, Hangu Medical Technology Co., Ltd., Wuhan, China). Coverslipping was completed using an automated coverslipper (CV5030, Leica Biosystems), and neutral resin (catalog no. NM-0055, Maixin Biotech) was used as the mounting medium.

Microscopic evaluation was performed using an Olympus BX53 optical microscope at 200× and 400× magnifications. Suspected positive regions were first screened at 200×, followed by evaluation at 400× magnification. Five high-power fields (HPFs) were assessed per slide, with at least 200 tumor cells per field and a total of ≥1000 tumor cells evaluated.

Scoring Criteria: Immunohistochemical results were independently evaluated by two experienced pathologists. P16 positivity was defined as strong and diffuse nuclear and cytoplasmic staining in ≥70% of tumor cells (classified as HPV-positive). Focal, weak, or less than 70% staining was considered p16-negative (classified as HPV-negative).




2.3 Statistical analysis

All statistical analyses were performed using SPSS version 29.0 (IBM Corp., Armonk, NY, USA). Continuous variables were expressed as mean ± standard deviation (SD) or median with interquartile range (IQR), while categorical variables were presented as counts and percentages [n (%)]. Comparisons between groups were conducted using the Chi-square test or Fisher’s exact test, as appropriate.

Kaplan–Meier survival curves were generated to assess OS, and differences between groups were evaluated using the log-rank test. Cox proportional hazards regression models were applied for univariate and multivariate analyses to identify potential prognostic factors influencing OS. A two-sided P value < 0.05 was considered statistically significant.





3 Results



3.1 General health characteristics and clinicopathological features of patients with OPSCC

The general health characteristics and clinicopathological features of the 120 patients are summarized in Table 1.


Table 1 | Comparison of general health and clinicopathological characteristics between p16-positive and p16-negative OPSCC patients.



The most common anatomical sub-sites of OPSCC were the tonsils and base of the tongue (90 cases, 75%), where the proportion of p16-positive cases was significantly higher compared to other sub-sites (63.3%, P=0.033). Most patients exhibited poorly differentiated pathology (63 cases, 52.5%), with the proportion of p16-positive cases reaching 71.4% in this group (P=0.002). Among OPSCC patients who presented with neck masses as the initial symptom, 73.2% were p16-positive (P=0.019). According to the AJCC 8th edition staging system, 68 patients (56.7%) were categorized as stage I/II, while 52 patients (43.3%) were classified as stage III/IV. The p16 status had no statistically significant impact on the T stage or M stage at diagnosis. However, 62 patients (89.9%, P=0.005) with p16-positive status were classified as N0/N1. In early-stage patients (stages I/II), the p16-positive rate was 91.2% (P=0.000), indicating that p16 positivity was associated with a significant downstaging of the tumor. p16 status was not related to the choice of treatment modality.




3.2 Survival analysis: risk factors affecting the prognosis of OPSCC patients



3.2.1 Univariate and multivariate COX regression

The follow-up duration for the 120 patients ranged from 1 to 223 months, with a median follow-up time of 13.5 months. Univariate Cox regression analysis (Table 2) showed that alcohol consumption (HR = 2.403, 95% CI: 1.101–5.241, P=0.028), advanced TNM stage (stage III/IV) (HR=3.007, 95% CI: 1.333–6.783, P=0.008), and p16 positivity (HR=0.343, 95% CI: 0.150–0.783, P=0.011) were significantly associated with OS. Variables with P < 0.1 in univariate analysis were included in the multivariate Cox regression model (Table 2). In the multivariate analysis, none of the variables reached statistical significance; however, p16 positivity remained marginally associated with improved OS (HR = 0.457, 95% CI: 0.184–1.130, P = 0.090).


Table 2 | Univariate and Multivariate Cox Regression Analysis of Factors Associated with Overall Survival in Patients with OPSCC.






3.2.2 Kaplan-Meier survival analysis



3.2.2.1 Combined analysis of p16 status and tumor subsite

p16 status was identified as a significant prognostic factor (P = 0.008, Figure 1). Kaplan-Meier survival analysis was conducted with both p16 status and the primary tumor sub-site as prognostic factors. For patients with OPSCC originating from the tonsils and base of the tongue, 57 were p16-positive and 33 were p16-negative. p16 positivity was associated with a significantly reduced mortality rate (P = 0.002, Figure 2). However, when the primary tumor was located in the soft palate or posterior pharyngeal wall, there was no significant difference in prognosis between the p16-positive and p16-negative groups (P = 0.920, Figure 3).




Figure 1 | Kaplan-Meier survival curves showing the impact of p16 status on the prognosis of OPSCC patients. p16 positivity is associated with significantly improved prognosis in patients with OPSCC (P=0.008).






Figure 2 | Kaplan-Meier survival curves for OPSCC originating from the tonsil and base of the tongue with different p16 statuses. p16-positive status significantly extends survival in patients with OPSCC originating from the tonsil and base of the tongue (P = 0.002).






Figure 3 | Kaplan–Meier survival curves for OPSCC originating from the soft palate or posterior pharyngeal wall with different p16 statuses. p16-positive status did not significantly improve survival in patients with OPSCC from these subsites (P = 0.920).






3.2.2.2 Combined analysis of p16 status and alcohol consumption

A subgroup survival analysis was also conducted by combining p16 expression and alcohol consumption (Figure 4). Patients were categorized into four groups: p16-positive/non-drinker(n=46), p16-positive/drinker (n=23), p16-negative/non-drinker(n=30), p16-negative/drinker(n=21). The Kaplan–Meier survival curves showed significant differences among the four groups (P =0.004). The best survival outcome was observed in the p16-positive/non-drinker group, whereas the p16-negative/drinker group had the poorest prognosis. Notably, regardless of alcohol consumption status, the survival curves of the two p16-positive groups consistently remained above those of all four groups.




Figure 4 | Kaplan–Meier curves of overall survival (OS) based on combined p16 expression and alcohol consumption status. The survival difference among the four groups was statistically significant (P = 0.004, log-rank test). Patients with p16-positive/non-drinker status showed the best prognosis, while those with p16-negative/drinker status had the poorest overall survival.







3.2.3 Treatment modalities

The treatment modalities of 120 patients were divided into two groups based on whether they underwent surgery. A total of 89 patients (74.2%) received surgical treatment, including surgery alone (12 patients), postoperative concurrent chemoradiotherapy (18 patients), postoperative radiotherapy alone (47 patients), or postoperative chemotherapy alone (12 patients). A total of 31 patients (25.8%) received non-surgical treatment, including concurrent chemoradiotherapy (17 patients), radiotherapy (4 patients) or chemoradiotherapy (3 patients) alone, and no treatment (7 patients).

Surgical treatment had no impact on prognosis (P = 0.149, Figure 5), and this result was validated in the p16-negative group (P = 0.708, Figure 6). Although there was no statistically significant impact of surgery on prognosis in the p16-positive group (P = 0.083, Figure 7), the survival curves showed a noticeable separation trend after about one year of treatment, with the surgical group exhibiting a worse prognosis.




Figure 5 | Kaplan-Meier survival curves for OPSCC patients with or without surgery. Numbers indicate the number of surviving patients at each time point. Surgical treatment did not significantly affect prognosis (P = 0.149).






Figure 6 | Kaplan-Meier survival curves for p16-negative OPSCC patients with or without surgery. In p16-negative patients, surgical treatment did not significantly impact prognosis (P = 0.708).






Figure 7 | Kaplan-Meier survival curves for p16-positive OPSCC patients with or without surgery. Although the impact of surgery on prognosis in the p16-positive group was not statistically significant (P = 0.083), the survival curves began to show a noticeable divergence approximately one year after treatment, with the surgical group exhibiting a worse prognosis.








4 Discussion

HPV is a family of sexually transmitted viruses that affect mucosal and skin epithelia (9) and has been identified as a major risk factor for cervical cancer (10). Currently, the incidence of HPV-positive OPSCC in the U.S. and U.K. has surpassed that of cervical cancer (11). The recognition of the association between HPV and oropharyngeal cancer, along with the increasing incidence of HPV-OPSCC, has significantly influenced the screening, diagnosis, and treatment strategies for this disease. Immunohistochemical detection of the p16 protein has been validated as a surrogate marker for HPV-related cancers and is strongly correlated with HPV DNA (12, 13). The 8th edition of the AJCC staging system introduced a distinct staging framework for p16-overexpressing (HPV-associated) OPSCC, acknowledging the favorable prognosis of this subtype (14). Despite the better response to chemoradiotherapy and the improved prognosis associated with HPV positivity, the rising incidence remains a concern. Over the past decade, the incidence of HPV-OPSCC in China has been relatively low (11%-21.28%) (15–17). However, recent data from Fudan University Cancer Center, covering patients from 2019 to 2022, show that the HPV-positive rate has surged to 60% (18). In our study, the number of p16-positive cases among 120 patients reached 69 (57.5%), which is consistent with these findings.

The biological behavior of HPV-OPSCC differs significantly from oropharyngeal cancer driven by traditional risk factors (11, 19). Among the 120 patients in our study, p16 overexpression was not associated with smoking or alcohol consumption, although a history of these habits remained linked to a worse prognosis (20). By combining p16 expression with alcohol consumption status, we found that patients with p16-negative tumors and a history of alcohol use had the poorest prognosis. In contrast, the survival curves of both p16-positive groups consistently remained above those of all four subgroups. These findings suggest that, in oropharyngeal squamous cell carcinoma, p16 status may have a greater impact on prognosis than alcohol consumption. In recent years, the disease burden of OPSCC has increasingly shifted towards older males (21, 22), with a study observing a rapid rise in incidence among white males aged 65 years and older, and nearly 10% of cases occurring in individuals aged 70 and above (11). In our study, although age and gender were not associated with p16 overexpression, approximately 86.7% of the patients were male, with a median diagnosis age of 58 years, and 17.5% were aged 70 years or older, which aligns with the aforementioned research.

OPSCC primarily arises in the tonsils, the base of the tongue, the soft palate, and the posterior pharyngeal wall. Histologically, the mucosal invaginations of the tonsils and base of the tongue form crypts lined with specialized epithelium, known as the “lymphoepithelial region,” which has been shown to provide a favorable environment for HPV-driven tumorigenesis. Conversely, the soft palate and posterior pharyngeal wall are lined with non-keratinized stratified squamous epithelium, referred to as the “non-lymphoepithelial region,” similar to the oral mucosa, which may act as a barrier to HPV infection (23). In our cohort, the most common primary anatomical subsites were the tonsils and the base of the tongue (90 cases, 75%), with a higher proportion of p16 positivity compared to other sites (63.3%, p=0.033). Previous research has indicated that squamous cell carcinomas originating from tonsillar tissue predominantly exhibit non-keratinizing and basaloid histopathology, whereas those arising from non-tonsillar tissues are characterized by keratinizing and non-basaloid appearances (24). Tumors from these distinct anatomical regions may represent different clinical and prognostic entities (25). Additionally, OPSCC originating in the “lymphoepithelial region” tends to metastasize early to lymph nodes, which are often larger (26). In our study, poorly differentiated squamous cell carcinoma was more common in p16-positive patients (65.2%, P=0.002), and a higher proportion of patients with p16 positivity presented with neck masses as the initial symptom (73.2%, P=0.019). Based on these findings, some researchers (27) have proposed that, in cases of cervical metastatic squamous cell carcinoma with an unknown primary site, the tonsils and base of the tongue should be prioritized as potential sites for thorough evaluation.

As research progresses, more studies have suggested that the impact of HPV on survival in OPSCC patients differs between “lymphoepithelial” and “non-lymphoepithelial” subsites (28–30). Our study similarly found that p16-positive patients had significantly better prognoses than p16-negative patients (P=0.008). Specifically, for OPSCC originating from the tonsils and base of the tongue, p16 positivity continued to confer a survival advantage (P=0.002). However, for patients with primary tumors located in the soft palate and posterior pharyngeal wall, there was no statistically significant difference in survival between p16-positive patients and p16-negative patients (P=0.920). The prognostic value of HPV infection for OPSCC patients with primary tumors in the soft palate and posterior pharyngeal wall appears less reliable, raising questions about the applicability of the current AJCC staging system to these sites of squamous cell carcinoma (31). Thus, caution should be exercised when considering de-escalation treatment in such cases.

Currently, clinical guidelines have not differentiated treatment strategies for oropharyngeal cancer based on HPV status, and de-escalation treatment remains in the clinical research phase. In our study, the choice of treatment was independent of HPV status and tumor stage, with post-operative radiotherapy being the primary treatment option (I/II stage: 23 cases, 33.8%; III/IV stage: 24 cases, 46.2%). Surgical procedures included primary tumor resection (with or without neck dissection) or isolated neck dissection, all performed as open surgeries without using transoral robotic surgery. Surgery did not statistically improve the prognosis of oropharyngeal cancer patients (P=0.149), particularly in the p16-positive group, where the prognosis of surgically treated patients was slightly worse than that of the non-surgical group, especially after one year of treatment. Traditional open surgery is not conducive to preserving oropharyngeal function and improving the quality of life, especially for HPV-OPSCC patients, who should consider this treatment option with caution.




5 Conclusions

In conclusion, our study demonstrates that HPV-OPSCC has unique biological and clinical characteristics. With economic development, the incidence of HPV-OPSCC in China has rapidly increased, and in the less-developed Shanxi region, the proportion of HPV-positive patients among OPSCC cases has surpassed that of oropharyngeal cancer caused by smoking and alcohol consumption. De-escalation treatment for HPV-OPSCC has not yet been implemented, but aggressive treatment without considering HPV status does not benefit patients. Not all HPV-positive OPSCC cases have a favorable prognosis, and the anatomical subsite of the primary tumor should be carefully considered when planning de-escalation treatment in the future. Identifying potential biomarkers for poor prognosis in HPV-positive OPSCC and combining specific biomarkers to achieve precise risk stratification for OPSCC patients will be crucial in selecting individualized treatment strategies.

This study is a retrospective analysis with a relatively small sample size, particularly for patients with primary tumors located in the soft palate or posterior pharyngeal wall, who were significantly fewer than those with tonsillar or base of tongue cancers, which may have introduced selection bias. In addition, the follow-up period was relatively short, and post-treatment quality of life was not assessed, representing certain limitations. In the future, prospective multi-center studies with larger sample sizes, balanced inclusion of patients across different primary tumor sites, extended follow-up durations, and incorporation of multidimensional outcomes such as quality of life assessments are warranted.
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