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Purpose: To explore the e�ect 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 e�ect 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 andOS 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
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e�ect 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.

KEYWORDS

oropharyngeal squamous cell cancer, humanpapillomavirus, prognosis, radiotherapy,

surgery

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 nodemetastases. 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
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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.

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).

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).

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).

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.

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.
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TABLE 1 Patients and treatment characteristics by treatment strategies before and after propensity matching analysis.

Variables Before PSM After PSM

n (%) Radiotherapy (%) Surgery (%) P n Radiotherapy Surgery P

Race

White 905 (90.1) 353 (91.2) 553 (89.5) 0.014 424 212 212 1.000

Black 66 (6.6) 29 (7.5) 37 (6.0) 18 9 9

Other 33 (3.3) 5 (1.3) 28 (4.5) 2 1 1

Age (years)

<50 586 (58.4) 211 (54.7) 375 (60.7) 0.060 242 121 121 1.000

≥50 418 (41.6) 175 (45.3) 243 (39.3) 202 101 101

Gender

Male 753 (75.1) 290 (75.1) 463 (74.9) 0.940 352 176 176 1.000

Female 251 (25.0) 96 (24.9) 155 (25.1) 92 46 46

Primary sites

Palate soft 75 (7.5) 36 (9.3) 39 (6.3) <0.001 22 11 11 1.000

Oropharynx NOS 65 (6.5) 37 (9.6) 28 (4.5) 24 12 12

Tongue base 324 (32.3) 157 (40.4) 167 (27.0) 162 81 81

Tonsil 540 (53.8) 156 (40.4) 384 (62.1) 236 118 118

Differentiation

Well differentiated 68 (6.8) 23 (6.0) 45 (7.3) 0.126 14 7 7 1.000

Moderately differentiated 386 (38.4) 146 (37.8) 240 (38.8) 192 96 96

Poorly/undifferentiated 413 (41.1) 128 (33.2) 285 (46.1) 176 88 88

Unknown 137 (13.6) 89 (23.1) 48 (7.8) 62 31 31

Tumor stage

T1 392 (39.0) 102 (26.4) 290 (46.9) <0.001 132 66 66 1.000

T2 612 (61.0) 284 (73.6) 328 (53.1) 312 156 156

HPV status

HPV-negative 409 (40.7) 159 (41.2) 250 (40.5) 0.817 186 93 93 1.000

HPV-positive 595 (59.3) 227 (58.8) 368 (59.5) 258 129 129

E�ect 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).

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 T1-2N0OPSCC

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
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TABLE 2 Patient and treatment characteristics by HPV status.

Variables n HPV-negative (%) HPV-positive (%) P

Race

White 905 352 (86.1) 553 (92.9) 0.001

Black 66 39 (9.5) 27 (4.5)

Other 33 18 (4.4) 15 (2.5)

Age (years old)

<50 586 211 (51.6) 375 (63.0) <0.001

≥50 418 198 (48.4) 220 (37.0)

Gender

Male 753 272 (66.5) 481 (80.8) <0.001

Female 251 137 (33.5) 114 (19.2)

Primary sites

Palate soft 75 60 (14.7) 15 (2.5) <0.001

Oropharynx NOS 65 37 (9.0) 28 (4.7)

Tongue base 324 157 (38.4) 167 (28.1)

Tonsil 540 155 (37.9) 385 (64.7)

Differentiation

Well differentiated 68 42 (10.3) 26 (4.4) <0.001

Moderately differentiated 386 213 (52.1) 173 (29.1)

Poorly/undifferentiated 413 108 (26.4) 305 (51.3)

Unknown 137 46 (11.2) 91 (15.3)

Tumor stage

T1 392 186 (45.5) 206 (34.6) 0.001

T2 612 223 (54.5) 389 (65.4)

Treatment strategy

Radiotherapy 386 159 (38.9) 227 (38.2) 0.817

Surgery 618 250 (61.1) 368 (61.8)

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 toHPV-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
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FIGURE 1

Patients’ treatment strategies according to the year of diagnosis.

FIGURE 2

Kaplan-Meier plots of cancer-specific survival (A) and overall survival (B) by HPV status before propensity score matching (PSM).

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
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TABLE 3 Multivariate Cox analysis for overall survival and cancers specific survival before and after propensity matching analysis.

Variables Before PSM After PSM

OS CSS OS CSS

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Race

White 1 1 1 1

Black 1.734 (1.110–2.708) 0.016 2.130 (1.185–3.831) 0.012 1.027 (0.363–2.906) 0.959 1.760 (0.506–6.120) 0.374

Other 0.724 (0.295–+1.778) 0.481 0.580 (0.141–2.381) 0.449 — 0.970 — 0.981

Age (years old)

<50 1 1 1 1

≥50 2.014 (1.509–2.687) 0.000 1.569 (1.043–2.361) 0.031 1.843 (1.165–2.915) 0.009 1.293 (0.653–2.561) 0.461

Gender

Male 1 1 1

Female 1.160 (0.858–1.567) 0.335 1.410 (0.923–2.154) 0.112 1.190 (0.722–1.963) 0.495 1.715 (0.835–3.524) 0.142

Primary sites

Palate soft 1 1 1 1

Oropharynx NOS 0.549 (0.283–1.067) 0.077 0.557 (0.188–1.650) 0.291 0.454 (0.124–1.661) 0.232 1.082 (0.129–9.088) 0.942

Tongue base 0.802 (0.515–1.249) 0.328 1.211 (0.617–2.379) 0.578 0.827 (0.360–1.900) 0.655 1.548 (0.332–7.211) 0.578

Tonsil 0.597 (0.380–0.939) 0.026 0.685 (0.337–1.391) 0.295 0.650 (0.280–1.511) 0.317 0.969 (0.200–4.708) 0.969

Differentiation

Well differentiated 1 1 1 1

Moderately differentiated 1.185 (0.703–1.997) 0.524 1.324 (0.593–2.957) 0.494 0.456 (0.172–1.210) 0.115 0.457 (0.099–2.097) 0.338

Poorly/undifferentiated 1.058 (0.607–1.844) 0.824 1.343 (0.584–3.086) 0.488 0.473 (0.166–1.353) 0.163 0.451 (0.088–2.301) 0.365

Tumor stage

T1 1 1 1 1

T2 1.079 (0.796–1.463) 0.625 1.653 (1.050–2.601) 0.030 1.103 (0.665–1.831) 0.703 2.667 (1.088–6.537) 0.032

Treatment strategy

Radiotherapy 1 1 1 1

Surgery 0.768 (0.570–1.035) 0.083 0.983 (0.641–1.507) 0.936 0.840 (0.541–1.306) 0.44 1.102 (0.572–2.125) 0.771

HPV status

HPV-positive 1 1 1 1

HPV-negative 3.782 (2.676–5.343) 0.000 3.795 (2.317–6.215) 0.000 4.188 (2.396–7.322) 0.000 4.399 (1.889–10.245) 0.001

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).
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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.

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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