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Abstract

Objectives: Most transoral robotic surgery (TORS) literature for HPV-positive oropharyngeal 

squamous cell carcinoma (HPV-OPC) derives from high-volume tertiary-care centers. This 

study aims to describe long-term recurrence and survival outcomes among Veterans Health 

Administration patients.

Materials and Methods: Using the US Veterans Affairs database, we identified patients with 

HPV-OPC treated with TORS between January 2010 and December 2016. Patients were stratified 

in risk categories: low (0–1 metastatic nodes, negative margins), intermediate (close margins, 

2–4 metastatic nodes, lymphovascular or perineural invasion, pT3-pT4 tumor), or high (positive 
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margins, extranodal extension (ENE), and/or ≥5 metastatic nodes). Primary outcomes included 

overall survival (OS), disease-specific survival (DSS), and recurrence-free survival (RFS).

Results: The cohort included 161 patients of which 29 (18%) were low-risk, 45 (28%) 

intermediate-risk, and 87 (54%) high-risk. ENE was present in 41% of node-positive cases and 

24% had positive margins. Median follow-up was 5.6 years (95%CI, 3.0–9.3). The 5-year DSS 

for low, intermediate, and high-risk groups were: 100%, 90.0% (95%CI, 75.4–96.1%), and 88.7% 

(78.3–94.2%). Pathologic features associated with poor DSS on univariable analysis included 

pT3-T4 tumors (HR 3.81, 95%CI, 1.31–11; p=0.01), ≥5 metastatic nodes (HR 3.41, 95%CI, 1.20–

11; p=0.02), and ENE (HR 3.53, 95%CI, 1.06–12; p=0.04). Higher 5-year cumulative incidences 

of recurrence were observed in more advanced tumors (pT3-T4, 33% [95%CI, 14–54%] versus 

pT1-T2, 13% [95%CI, 8–19%]; p=0.01).

Conclusions: In this nationwide study, patients with HPV-OPC treated with TORS followed by 

adjuvant therapy at Veterans Affairs Medical Centers demonstrated favorable survival outcomes 

comparable to those reported in high-volume academic centers and clinical trials.

Lay Summary:

In this nationwide study, patients with HPV+ oropharyngeal carcinoma treated with TORS 

followed by adjuvant therapy at Veterans Affairs Medical Centers demonstrated favorable survival 

outcomes comparable to those reported in high-volume academic centers and clinical trials.

Keywords

HPV; Oropharyngeal carcinoma; Transoral surgery; Oncologic outcomes

INTRODUCTION

Human papillomavirus (HPV) represents a common sexually transmitted infection 

worldwide, and an increasingly important cause of oropharyngeal squamous cell carcinoma 

(OPC).1,2 HPV-positive oropharyngeal carcinoma (HPV-OPC) constitutes approximately 

three-quarters of oropharyngeal cancers, represents the most common HPV-driven 

malignancy in the United States, and continues to increase in incidence.2 An important 

feature of HPV-OPC is that it carries a favorable prognosis compared to HPV-negative 

OPC.3 Current National Comprehensive Cancer Network (NCCN) therapeutic guidelines 

offer high cure rates but often also impart considerable short- and long-term toxicity.4 In 

light of these observations, treatment guidelines are shifting toward approaches to balance 

high cure rates with treatment-related toxicity, and multiple clinical trials are ongoing 

to evaluate treatment de-intensification with the goal of preserving favorable oncologic 

outcomes while mitigating toxicity.5

Minimally invasive surgical techniques such as transoral robotic surgery (TORS) and, to a 

lesser extent transoral laser surgery (TLS), have been increasingly applied to HPV-OPC as 

strategies to reduce the impact of surgical access to decrease morbidity to patients with a 

generally favorable disease. Decisions on post-operative adjuvant radiotherapy are dictated 

upon review of pathologic features of the surgical specimen. To date, the majority of TORS 

outcomes data have been reported from clinical trial settings and single and multi-institution 
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groups at tertiary care academic institutions. These studies have delineated clinicopathologic 

risk stratification strategies and adjuvant treatment protocols to optimize patient survival 

and minimize therapy-associated morbidities.6 In the tertiary care academic setting, primary 

resection of resectable HPV-OPC by TORS has been demonstrated to maintain excellent 

oncologic outcomes, including in cases for which adjuvant radiotherapy may be avoided.6,7

Most patients with HPV-OPC who undergo TORS are treated at academic medical centers. 

A minority (~14%) are treated outside of the academic setting.8 The treatment patterns 

and long-term outcomes of HPV-OPC treated with transoral surgery in non-tertiary care or 

non-academic settings in the United States remains largely unknown. The Veterans Affairs 

Medical Centers (VAMC) represents a health care setting comprised of 172 medical centers 

across the United States with regional variation in clinical practice, which may represent a 

unique patient population compared to that described in high-volume academic centers and 

clinical trials.9 While many VAMC facilities are affiliated with academic medical centers, 

VAMC surgical staff more closely resemble those found in non-academic settings.

The VAMC maintains a centralized medical record system and cancer registry enabling the 

identification and analysis of specific clinical contexts. Importantly, VAMC medical records 

overcome limitations of other national hospital-based and epidemiologic databases, which 

only measure overall survival, by enabling the interrogation of vital oncologic outcomes 

including incidence of first recurrence, progression-free survival, and disease-specific 

survival. Taking advantage of these features of the Veterans Health Administration registry, 

the present study evaluated oncologic outcomes, adjuvant treatment patterns, recurrence 

rates, and survival in risk-stratified patients with HPV-OPC treated with primary transoral 

surgery.

METHODS

Data Sources

This study was conducted using data from the Veterans Affairs National Electronic Health 

Record (VANEHR), Corporate Data Warehouse (CDW), and Veterans Affairs Central 

Cancer Registry (VACCR) accessed with the VA Informatics and Computing Infrastructure 

(VINCI). The VACCR conforms with standards set by the North American Association of 

Central Cancer Registries for detecting and reporting incident cancer cases and treatments. 

The VA records demographic, clinical and treatment parameters for more than one million 

veterans treated at 172 medical centers. This study was approved by the San Diego VAMC 

Institutional Review Board.

Patient cohort and data collection

Patients with biopsy-confirmed p16-positive squamous cell carcinoma of the oropharynx 

without distant metastatic disease who were treated with either transoral laser or robotic 

resection of the primary tumor between 2010 and 2016 met inclusion criteria for this study. 

Using pre-defined oncologic data fields in VINCI, patients were selected for oropharynx 

anatomic subsites, squamous cell carcinoma histopathology, p16 or HPV-positive tumor 

status, absence of distant metastasis, and surgical treatment.
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Manual patient record review was performed independently (by A.K. & D.C.) and closely 

reviewed by a fellowship-trained Head and Neck Surgical Oncologist (R.K.O.) to confirm 

all patients met inclusion criteria for p16-positive and/or HPV-positive tumor status and 

primary surgical excision. Manual medical document review was employed to verify all data 

elements including age, sex, race/ethnicity, performance status, cumulative primary exposure 

to tobacco, surgical margin status (positive, close [defined as < 3 mm], and negative), 

presence of perineural invasion (PNI), presence of lymphovascular invasion (LVI), presence 

of extranodal extension (ENE) in patients with pathologic node-positive disease, number of 

pathologic lymph nodes, adjuvant treatment modality, and radiation dosage. Two percent 

of patients had unknown margin status and were excluded from analyses related to margin 

status. Charlson Comorbidity Index (CCI) was calculated using data from one year prior to 

diagnosis and categories were assigned based on the distribution of scores across the patient 

cohort.

National Death Index (NDI) data from the US Department of Defense were used to identify 

date and cause of death. Cause of death was secondarily confirmed with manual review of 

patient records. Anatomical location and date of recurrence was determined from manual 

review of patient records. The last day of follow-up was March 11, 2020 (last day of data 

collection).

The ECOG-ACRIN 3311 (E3311) schema were referenced to guide risk-group 

categorization.5 Low-risk subjects were defined as pT1-T2, pN0-N1 and no other adverse 

features. Intermediate-risk subjects included those with close surgical margins, 2 to 4 

pathological lymph nodes, presence of LVI or PNI, and no high-risk features. Of note, 

pathologic T3 or T4 tumor status was included as an intermediate risk classifier although 

this was not included as an intermediate risk factor in E3311 because it has broadly 

been reported to be associated with poor survival.10 High-risk subjects displayed disease 

with positive surgical margins (PSM), extranodal extension, and/or greater than 5 lymph 

pathological nodes.

Study Endpoints

The primary endpoint was disease-specific survival (DSS). Secondary endpoints included 

incidence of first recurrence, overall survival (OS), progression-free survival (PFS), and 

disease-unrelated specific survival (DUS). DSS was defined as time from diagnosis to death 

from oropharyngeal cancer. For DSS, causes of death attributable to non-oropharyngeal 

cancer etiologies were treated as competing events. OS was determined from the date of 

diagnosis to the date of death from any cause. DUS was defined as time from diagnosis 

to death from any cause other than oropharyngeal cancer. PFS was defined as the date 

of diagnosis to date of first recurrence. Local recurrence was defined by the detection 

of a histopathologically similar carcinoma at or directly adjacent to the primary site 

after the completion of curative-intent treatment. Recurrence in the cervical lymph nodes 

represented regional recurrence and distant recurrence was defined by the detection of a 

histopathologically similar carcinoma distant to local and regional sites.
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Statistical Analysis

Cumulative incidence estimates were used to evaluate first-recurrence across risk groups 

and were adjusted for the competing risk of death from any cause. Cumulative incidence 

estimates were used to evaluate death from cancer across risk groups and were adjusted 

for the competing risk of non-cancer death. This method is similar to the Kaplan-Meier 

method of censoring patients alive at last follow-up, but instead accounts for patient 

death before recurrence to avoid overestimating survival rates. We modeled disease-specific 

survival (DSS) using competing events of cancer versus non-cancer death with a Fine-Gray 

regression and reported hazard ratios (HR) with 95% confidence interval (CI). We modeled 

overall survival (OS) using a Cox proportional hazards model. All statistical tests were 

performed using SAS version 9.4 (SAS Institute Inc.), two-sided tests, and an alpha 

threshold of p<0.05.

RESULTS

Baseline Characteristics

The VHA cohort consisted of 161 patients from a total of 54 VA sites. The majority of 

patients were White (81%) and male (98%). Median age was 64 years-old (95%CI, 51–81). 

At the time of presentation, most patients reported a clinically significant smoking history 

(≥10 pack years: 57%), and were documented to have excellent performance status (ECOG 

0 or KPS 100: 56%, Table 1).

A larger proportion of patients presented with primary tumors of the palatine tonsils than 

the base of tongue (80% vs 20%). Most patients had pT1-pT2 primary tumors (87%) and 

pN0-pN1 nodal disease (96%). More than one-third of patients had extranodal extension 

(ENE) (41%) and positive or close surgical margins occurred in 24% and 14%, respectively. 

Lymphovascular invasion was seen in 22% and perineural invasion in 11% of cases (Table 

1).

Application of the E3311 risk group definitions classified 54% of the patients as high-risk, 

28% as intermediate-risk, and 18% as low-risk. Primary adverse features contributing 

to high-risk classification included ENE (present in 66% of high-risk patients), positive 

margins (44%), and ≥ 5 involved lymph nodes (26%). High-risk patients with ENE were 

more likely to receive post-operative chemoradiation (CRT) than radiotherapy (RT) alone 

(81% vs 19%; p=0.01). Intermediate group patients were more likely to receive RT than 

CRT (64% vs 29%; p=0.005). Low-risk disease patients did not receive adjuvant therapy in 

48% of cases, while 34% received RT, and 17% adjuvant CRT (Table 2). Three intermediate-

risk (10%) and six high-risk patients (7%) were offered adjuvant treatment but declined 

treatment. Adjuvant treatment by surgical margin status, ENE, and number of positive nodes 

are detailed in Table S1.

The number of cases treated with primary surgery increased over time from 39 in 2009–

2012, to 122 in 2013–2016. Positive surgical margins (PSM) were less common in later 

years. From 2009–2014, there were 114 cases with an overall 30% PSM rate (p=0.02) 

versus 47 cases from 2015–2016 with an overall 5% PSM rate. There were no statistically 
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significant differences in PSM between pT1-pT2 and pT3-pT4 disease (24% vs 25%; 

p=0.57). Adverse features by pathological tumor category are shown in Table S2.

Overall and Disease-Specific Survival

The median follow-up time was 5.6 years (95%CI, 3.0–9.3). At the end of the study period, 

124 (77%) patients remained alive, 14 (9%) had died from HPV-OPC, and 23 (14%) had 

died from causes unrelated to HPV-OPC. The respective 2-year and 5-year disease-specific 

cumulative incidences of mortality were 1.3% (95%CI, 0–3.3%) and 8.6% (95%CI, 4.4–

14.4%). The respective 2-year and 5-year all-cause cumulative incidences of mortality were 

5.3% (95%CI, 2.5–9.6%) and 21% (95%CI, 15–29%). Across risk categories, the 2-year 

overall survival (OS) ranged from 90–94%, 5-year OS from 71–88%, 2-year disease-specific 

survival (DSS) from 97–100%, and 5-year DSS from 89–100% (Table 3). DSS did not 

significantly differ by risk category (Figures S1A).

Only cumulative primary tobacco exposure was associated with overall survival (HR 2.11, 

95%CI, 1.03–4.29; p=0.04). Factors associated with worse DSS included pT3-pT4 category 

(HR 3.81, 95%CI, 1.31–11; p=0.01), 5 or greater positive lymph nodes (HR 3.41, 95%CI, 

1.20–11; p=0.02), ENE (HR 3.53, 95%CI, 1.06–12; p=0.04), and non-White race (HR 2.96, 

95%CI, 1.00–8.72; p=0.05) (Figures 1 and S1, Table S3).

Patterns and Outcomes of Recurrence

Twenty-four patients (15%) experienced disease recurrence, with a median time to 

recurrence of 1.6 years (95%CI, 0.3–5.1) from initial diagnosis. Recurrences occurred 

locally in 38%, regionally in 33%, and at distant sites in 29% of cases. The respective 

5-year cumulative incidences of first recurrence for the low, intermediate, and high-risk 

categories were 17% (95%CI, 6–33%), 18% (95%CI, 8–30%), and 13% (95%CI, 7–22%, 

Figure S2), respectively. Advanced pathological tumor category represented the only factor 

associated with incidence of first recurrence (Figure 2). The 5-year cumulative incidence of 

distant metastasis with death as a competing event for the low, intermediate, and high-risk 

categories was 0%, 12% (95%CI, 8–30%), and 8% (95%CI, 4–24%), respectively.

Among the 24 patients who recurred, 14 (54%) died of disease, 5 intermediate-risk and 9 

high-risk patients. Death from recurrent disease occurred at a median of 1.3 years (95%CI, 

0.3–4.8 years) after recurrence: (Table 4). Twenty-two patients (92%) received salvage 

treatment: CRT (n=8), RT (n=7), surgery (n=4), and chemotherapy (n=3). Of the 9 patients 

with intermediate or high-risk disease who declined adjuvant therapy, 2 recurred regionally 

and 1 succumbed to disease.

Higher 5-year cumulative incidences of recurrence were observed in patients with more 

advanced primary tumors (pT3-T4, 33% [95%CI, 14–54%] versus pT1-T2, 13% [95%CI, 

8–19%]; p=0.01). Rates of recurrence with respect to adverse features are shown for all 

patients (Figures 2 and S2) and for high-risk patients (Figure S3).
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DISCUSSION

Herein, we present a large multi-institutional cohort of patients with HPV-OPC treated 

with primary transoral surgery. Existing literature describing oncologic outcomes for HPV-

OPC patients is mainly derived from high volume centers and clinical trials with stringent 

surgeon credentialing requirements.6,11 Although oncologic outcome data for patients with 

HPV-OPC is available in other national hospital-based and epidemiological databases; 

these datasets only offer insight on overall survival.8 Using the novel Veterans Affairs 

Informatics and Computing Infrastructure (VINCI) data source, we provide insight into 

treatment patterns and oncologic outcomes in patients with HPV-OPC treated with upfront 

surgery across centers in the United States. VAMC maintain considerable regional variation 

in clinical practice that may represent a patient population unique to high-volume academic 

centers and clinical trials.

We demonstrate favorable oncologic outcomes for patients with HPV-OPC treated with 

upfront transoral surgery in VAMC settings. Specifically, we found that two- and five-year 

OS and DSS in patients who received transoral surgery for HPV-OPC at VAMC settings 

were similar to rates reported in studies from academic medical centers.6,7,11,12 Our study 

offers further support for the efficacy of upfront transoral surgery in HPV-OPC, particularly 

in low-risk patients who displayed a 5-year DSS rate of 100%, despite 50% of patients who 

received adjuvant radiotherapy.

Adverse pathological features in HPV-OPC have been associated with worse outcomes.13 

However, the prognostic role of adverse features in HPV-associated disease remains 

unclear.14,15 We demonstrate that ENE was associated with 3.5-fold greater risk of disease-

specific death (HR=3.53), despite approximately 80% of these patients receiving adjuvant 

chemoradiotherapy. Patients presenting with 5 or more pathological lymph nodes also had a 

nearly 3.5-fold risk of disease-specific mortality (HR=3.41), consistent with its classification 

as a high-risk feature.4 While transoral surgical resection is not commonly performed in 

patients with T3 or T4 disease (<5%),8 our cohort included 23 T3/T4 cases (13%). We 

found that advanced primary tumor category was associated with significantly worse DSS 

(HR=3.81) than pT1 or pT2 disease, underscoring the need for careful patient evaluation 

selection prior to offering transoral surgery.

The rate of positive surgical margins (PSM) in OPC is decreasing nationally.16,17 The PSM 

rate in our cohort was 24%. This high-rate in our study population could be derived in 

part from heterogeneity in surgeon experience. The PSM rate did diminish from 30% in 

2009–2014 to 5% in 2015–2016, suggesting an improvement in surgical technique or patient 

selection. High-volume academic centers have reported positive surgical margin rates in 

patients treated with transoral surgery of approximately 10%,18 meanwhile National Cancer 

Database (NCDB) studies have observed higher rates at approximately 16–20%.19,20 A 

study of 2,661 patients treated with transoral surgery found that positive margins were 

present in 15.3% at academic centers and 24.5% at nonacademic centers.16 At 161 cases 

over 6 years between 54 VA sites, the VAMC may be considered low-volume centers, and 

as such, shows similar positive margin rates as low-volume centers reported in the literature. 

With regard to extranodal extension status, in our cohort 41% were positive for ENE, 
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consistent with an NCDB analysis reporting 44% ENE rate in HPV-OPC.13Interestingly, 

we did not find an association between positive surgical margins and DSS. Similarly, a 

retrospective analysis of 106 patients with surgically-treated HPV-OPC at a quaternary 

cancer center demonstrated that margin status was not associated with worse 5-year DSS 

(p=0.592).21

In this cohort, recurrence in the low-risk group was not uncommon (17%), but recurrent 

disease in these patients tended to occur locally. Consistent with reports from high-

volume academic centers many of these patients underwent successful salvage therapy.22–

24 Furthermore, no low-risk patients died of disease during the study follow-up period. 

Alternatively, patients with intermediate and high-risk disease displayed recurrence rates 

between 13 and 18%, and of those who recurred, 74% died of cancer. This reflects the 

need for better systemic treatments for recurrent HPV-OPC in the setting of intermediate or 

high-risk features.25,26 Nonetheless, survival outcomes were reassuring in our cohort despite 

having a majority of patients classified as high-risk.

Deintensification therapy is under intensive investigation for HPV-OPC.27 E3311 showed 

that treatment de-intensification after TORS was associated with favorable outcomes and 

quality-of-life 35 months postoperatively.11 Indeed, 2-year OS in low-risk patients was 96–

100% irrespective of treatment arm or risk. However, patients selected for participation 

in clinical trials have been reported to display better performance status and younger age 

than patients treated in clinical practice.28 Nevertheless, our cohort showed 2-year OS 

of 96.6%, 88.9%, and 94.2% for patients with low, intermediate, and high-risk disease, 

respectively. Furthermore, we show favorable 5-year DSS of 100.0%, 90.0%, and 88.7% 

in patients with low, intermediate, and high-risk disease. These findings provide valuable 

oncologic outcomes data for and suggest that outcomes remain favorable for patients treated 

in non-trial settings.29,30

Limitations to our study include its retrospective design and lack of standardized follow-up 

protocols. In earlier medical records within the Veterans Affairs National Electronic Health 

Record (VANEHR), p16 status was recorded less frequently, and the total number of patients 

with p16-positive tumors in this cohort is likely underestimated. Although p16-positivity and 

HPV-positivity are not equivalent, previous studies have demonstrated comparable survival 

rates using either p16 or HPV status for risk stratification in OPSCC, thus p16 was used in 

this study as an appropriate surrogate for HPV status.

Although the VHA centers included in our study had low individual case volumes 

throughout the study period, a decline in the PSM rate was observed over time, suggesting 

longitudinal improvements in surgical technique, but our analysis is unable to account for 

the case-volume experience of individual surgeons. Nonetheless, this study included detailed 

medical records from patients with HPV-OPC treated and managed at more than 50 VAMCs 

across the United States.

The median follow-up time for our patients was close to 6 years, which is longer than 

other similar studies, and included data enabling the ascertainment of DSS and recurrence 

patterns. More than 98% of our cohort was male and 81% were white. Although this is 
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reflective of higher HPV-OPC disease prevalence in males and of demographics of the VA 

patient population, this white race and male predominance may limit the generalizability 

of our results to female and non-white patients, which represent growing demographics 

affected by HPV-OPC.31 Despite these observations, the patients in our study are on average 

older, more racially diverse, have significant smoking histories, more comorbidities, and 

worse performance status than may be seen in clinical trial cohorts. Thus, the findings of 

this study may more accurately reflect outcomes outside of clinical trial settings as well as 

community practices.

CONCLUSION

In this study, patients with HPV-OPC treated with upfront transoral surgery in VAMC had 

favorable oncologic outcomes. These findings are comparable to oncological outcomes 

reported from high-volume academic centers and suggest that the improved outcomes 

observed in primary TORS for HPV-OPC may suitably represent outcomes observed in 

unique cohorts compared to those studied at high volume academic centers or in clinical 

trials.
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Funding:

F.F. received funding from NIHT32DC000028 and Stand Up To Cancer. A.K., D.C., and P.T.C. were funded by 
NIH TL1TR001443. R.K.O. and R.V. received funding from the UC San Diego Altman Clinical & Translational 
Research Institute.

Role of the Funding Source:

Funding source did not have any involvement whatsoever with the content of the research

References

1. Satterwhite CL, Torrone E, Meites E, et al. Sexually transmitted infections among US women 
and men: prevalence and incidence estimates, 2008. Sex Transm Dis. Mar 2013;40(3):187–93. 
doi:10.1097/OLQ.0b013e318286bb53 [PubMed: 23403598] 

2. Gillison ML, Chaturvedi AK, Anderson WF, Fakhry C. Epidemiology of Human Papillomavirus-
Positive Head and Neck Squamous Cell Carcinoma. J Clin Oncol. Oct 10 2015;33(29):3235–42. 
doi:10.1200/JCO.2015.61.6995 [PubMed: 26351338] 

3. Fakhry C, Westra WH, Li S, et al. Improved survival of patients with human papillomavirus-positive 
head and neck squamous cell carcinoma in a prospective clinical trial. J Natl Cancer Inst. Feb 20 
2008;100(4):261–9. doi:10.1093/jnci/djn011 [PubMed: 18270337] 

4. Caudell JJ, Gillison ML, Maghami E, et al. NCCN Guidelines(R) Insights: Head and Neck Cancers, 
Version 1.2022. J Natl Compr Canc Netw. Mar 2022;20(3):224–234. doi:10.6004/jnccn.2022.0016 
[PubMed: 35276673] 

5. Rosenberg AJ, Vokes EE. Optimizing Treatment De-Escalation in Head and Neck Cancer: Current 
and Future Perspectives. Oncologist. Jan 2021;26(1):40–48. doi:10.1634/theoncologist.2020-0303 
[PubMed: 32864799] 

6. Ryan WR, Xu MJ, Ochoa E, et al. Oncologic outcomes of human papillomavirus-associated 
oropharynx carcinoma treated with surgery alone: A 12-institution study of 344 patients. Cancer. 
Sep 1 2021;127(17):3092–3106. doi:10.1002/cncr.33611 [PubMed: 33957701] 

Faraji et al. Page 9

Laryngoscope. Author manuscript; available in PMC 2025 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Parhar HS, Shimunov D, Newman JG, et al. Oncologic Outcomes Following Transoral Robotic 
Surgery for Human Papillomavirus-Associated Oropharyngeal Carcinoma in Older Patients. JAMA 
Otolaryngol Head Neck Surg. Dec 1 2020;146(12):1167–1175. doi:10.1001/jamaoto.2020.3787 
[PubMed: 33119091] 

8. Nguyen AT, Luu M, Mallen-St Clair J, et al. Comparison of Survival After Transoral 
Robotic Surgery vs Nonrobotic Surgery in Patients With Early-Stage Oropharyngeal Squamous 
Cell Carcinoma. JAMA Oncol. Oct 1 2020;6(10):1555–1562. doi:10.1001/jamaoncol.2020.3172 
[PubMed: 32816023] 

9. Facilities Staffing Requirements for the Veterans Health Administration-Resource Planning and 
Methodology for the Future. 2019.

10. O’Sullivan B, Huang SH, Su J, et al. Development and validation of a staging system for 
HPV-related oropharyngeal cancer by the International Collaboration on Oropharyngeal cancer 
Network for Staging (ICON-S): a multicentre cohort study. Lancet Oncol. Apr 2016;17(4):440–
451. doi:10.1016/S1470-2045(15)00560-4 [PubMed: 26936027] 

11. Ferris RL, Flamand Y, Weinstein GS, et al. Phase II Randomized Trial of Transoral Surgery 
and Low-Dose Intensity Modulated Radiation Therapy in Resectable p16+ Locally Advanced 
Oropharynx Cancer: An ECOG-ACRIN Cancer Research Group Trial (E3311). J Clin Oncol. Jan 
10 2022;40(2):138–149. doi:10.1200/JCO.21.01752 [PubMed: 34699271] 

12. Sinha P, Haughey BH, Kallogjeri D, Jackson RS. Long-term analysis of transorally resected p16 
+ Oropharynx cancer: Outcomes and prognostic factors. Laryngoscope. May 2019;129(5):1141–
1149. doi:10.1002/lary.27472 [PubMed: 30152175] 

13. An Y, Park HS, Kelly JR, et al. The prognostic value of extranodal extension in 
human papillomavirus-associated oropharyngeal squamous cell carcinoma. Cancer. Jul 15 
2017;123(14):2762–2772. doi:10.1002/cncr.30598 [PubMed: 28323338] 

14. Bernier J, Cooper JS, Pajak TF, et al. Defining risk levels in locally advanced head and neck 
cancers: a comparative analysis of concurrent postoperative radiation plus chemotherapy trials 
of the EORTC (#22931) and RTOG (# 9501). Head Neck. Oct 2005;27(10):843–50. doi:10.1002/
hed.20279 [PubMed: 16161069] 

15. Zebolsky AL, George E, Gulati A, et al. Risk of Pathologic Extranodal Extension and Other 
Adverse Features After Transoral Robotic Surgery in Patients With HPV-Positive Oropharynx 
Cancer. JAMA Otolaryngol Head Neck Surg. Dec 1 2021;147(12):1080–1088. doi:10.1001/
jamaoto.2021.2777 [PubMed: 34673904] 

16. Hanna J, Morse E, Brauer PR, Judson B, Mehra S. Positive margin rates and predictors in transoral 
robotic surgery after federal approval: A national quality study. Head Neck. 09 2019;41(9):3064–
3072. doi:10.1002/hed.25792 [PubMed: 31058417] 

17. Robinson EM, Lam AS, Solomon I, et al. Trends in Positive Surgical Margins in cT1-T2 Oral 
Cavity Squamous Cell Carcinoma. Laryngoscope. Feb 1 2022;doi:10.1002/lary.30033

18. de Almeida JR, Li R, Magnuson JS, et al. Oncologic Outcomes After Transoral Robotic Surgery: 
A Multi-institutional Study. JAMA Otolaryngol Head Neck Surg. Dec 2015;141(12):1043–1051. 
doi:10.1001/jamaoto.2015.1508 [PubMed: 26402479] 

19. Chen MM, Roman SA, Kraus DH, Sosa JA, Judson BL. Transoral Robotic Surgery: 
A Population-Level Analysis. Otolaryngol Head Neck Surg. Jun 2014;150(6):968–75. 
doi:10.1177/0194599814525747 [PubMed: 24618503] 

20. Zevallos JP, Mitra N, Swisher-McClure S. Patterns of care and perioperative outcomes in transoral 
endoscopic surgery for oropharyngeal squamous cell carcinoma. Head Neck. Mar 2016;38(3):402–
9. doi:10.1002/hed.23909 [PubMed: 25351184] 

21. Iyer NG, Dogan S, Palmer F, et al. Detailed Analysis of Clinicopathologic Factors Demonstrate 
Distinct Difference in Outcome and Prognostic Factors Between Surgically Treated HPV-Positive 
and Negative Oropharyngeal Cancer. Ann Surg Oncol. Dec 2015;22(13):4411–21. doi:10.1245/
s10434-015-4525-0 [PubMed: 25801358] 

22. Fakhry C, Zhang Q, Nguyen-Tan PF, et al. Human papillomavirus and overall survival after 
progression of oropharyngeal squamous cell carcinoma. J Clin Oncol. Oct 20 2014;32(30):3365–
73. doi:10.1200/JCO.2014.55.1937 [PubMed: 24958820] 

Faraji et al. Page 10

Laryngoscope. Author manuscript; available in PMC 2025 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



23. Guo T, Qualliotine JR, Ha PK, et al. Surgical salvage improves overall survival for patients 
with HPV-positive and HPV-negative recurrent locoregional and distant metastatic oropharyngeal 
cancer. Cancer. Jun 15 2015;121(12):1977–84. doi:10.1002/cncr.29323 [PubMed: 25782027] 

24. Joseph AW, Guo T, Hur K, et al. Disease-free survival after salvage therapy for recurrent 
oropharyngeal squamous cell carcinoma. Head Neck. Apr 2016;38 Suppl 1:E1501–9. doi:10.1002/
hed.24268 [PubMed: 26558328] 

25. Burtness B, Harrington KJ, Greil R, et al. Pembrolizumab alone or with chemotherapy versus 
cetuximab with chemotherapy for recurrent or metastatic squamous cell carcinoma of the 
head and neck (KEYNOTE-048): a randomised, open-label, phase 3 study. Lancet. Nov 23 
2019;394(10212):1915–1928. doi:10.1016/S0140-6736(19)32591-7 [PubMed: 31679945] 

26. Powell SF, Gold KA, Gitau MM, et al. Safety and Efficacy of Pembrolizumab With 
Chemoradiotherapy in Locally Advanced Head and Neck Squamous Cell Carcinoma: A Phase 
IB Study. J Clin Oncol. Jul 20 2020;38(21):2427–2437. doi:10.1200/JCO.19.03156 [PubMed: 
32479189] 

27. Bigelow EO, Seiwert TY, Fakhry C. Deintensification of treatment for human papillomavirus-
related oropharyngeal cancer: Current state and future directions. Oral Oncol. Jun 
2020;105:104652. doi:10.1016/j.oraloncology.2020.104652 [PubMed: 32247987] 

28. Kaanders J, van den Bosch S, Kleijnen J. Comparison of Patients With Head and Neck Cancer in 
Randomized Clinical Trials and Clinical Practice: A Systematic Review. JAMA Otolaryngol Head 
Neck Surg. May 19 2022;doi:10.1001/jamaoto.2022.0890

29. Hargreaves S, Beasley M, Hurt C, Jones TM, Evans M. Deintensification of Adjuvant Treatment 
After Transoral Surgery in Patients With Human Papillomavirus-Positive Oropharyngeal Cancer: 
The Conception of the PATHOS Study and Its Development. Front Oncol. 2019;9:936. 
doi:10.3389/fonc.2019.00936 [PubMed: 31632901] 

30. Ma DJ, Price KA, Moore EJ, et al. Phase II Evaluation of Aggressive Dose De-Escalation for 
Adjuvant Chemoradiotherapy in Human Papillomavirus-Associated Oropharynx Squamous Cell 
Carcinoma. J Clin Oncol. Aug 1 2019;37(22):1909–1918. doi:10.1200/JCO.19.00463 [PubMed: 
31163012] 

31. Faraji F, Rettig EM, Tsai HL, et al. The prevalence of human papillomavirus in oropharyngeal 
cancer is increasing regardless of sex or race, and the influence of sex and race on survival 
is modified by human papillomavirus tumor status. Cancer. Mar 1 2019;125(5):761–769. 
doi:10.1002/cncr.31841 [PubMed: 30521092] 

Faraji et al. Page 11

Laryngoscope. Author manuscript; available in PMC 2025 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Disease-Specific Mortality by A) Pathologic Tumor Category, B) Surgical Margin Status, C) 

Positive Lymph Node Burden, and D) Extranodal Extension Status
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Figure 2. 
Incidence of First Recurrence by A) Pathologic Tumor Category, B) Positive Lymph Node 

Burden, and C) Extranodal Extension Status
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Table 1:

Baseline Characteristics

Variable Categories Total, n (%)

Number of patients continuous 161

Age (median, 95% CI) continuous 64 (51–81)

Age Groups ≤ 55 31 (19)

56 – 60 26 (16)

61 – 65 46 (29)

66 – 70 40 (25)

≥ 71 18 (11)

Sex Male 157 (98)

Female 4 (2)

Race White 131 (81)

Black 15 (9)

Other 2 (1)

Unknown 13 (8)

Performance Status ECOG 0 or KPS 100 75 (47)

ECOG ≥ 1 or KPS ≤ 90 60 (37)

Unknown 26 (16)

Smoking History ≥ 10 pack years 91 (56)

< 10 pack years 70 (43)

Charlson Comorbidity Index 0 85 (53)

≥ 1 30 (19)

Unknown 46 (29)

Primary Tumor Anatomic Subsite Tonsil 128 (80)

Base of tongue 33 (20)

AJCC8 Pathologic Tumor Category 1 70 (43)

2 70 (43)

3 11 (7)

4 10 (6)

AJCC8 Pathologic Nodal Category 0 23 (14)

1 131 (82)

2 – 3 7 (4)

Number of Positive Lymph Nodes 0 23 (14)

1 62 (39)

2 – 4 46 (29)

≥ 5 25 (16)

Unknown (LN+) 5 (3)

Surgical Margins Positive 38 (24)

Close 23 (14)
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Variable Categories Total, n (%)

Negative 97 (60)

Unknown 3 (2)

Extranodal extension (ENE)* Yes 57 (41)

No 81 (59)

Lymphovascular Invasion (LVI) Yes 36 (22)

No 77 (48)

Unknown 48 (30)

Perineural Invasion (PNI) Yes 18 (11)

No 104 (65)

Unknown 40 (25)

Risk Category Low 29 (18)

Intermediate 45 (28)

High 87 (54)

Adjuvant Treatment None 23 (14)

RT 61 (38)

CRT 77 (48)

Year of Diagnosis 2009 – 2012 39 (24)

2013 – 2016 122 (76)

Abbreviations: ENE, extranodal extension. LVI, lymphovascular invasion. PNI, perineural invasion. AJCC8, American Joint Committee on Cancer, 

8th edition Cancer Staging System.

*
Solely includes patients with node-positive disease
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Table 2.

Adjuvant Treatment and Radiation Dose by Risk Category

Risk Category

Low Intermediate High P

Number of Patients 29 45 87

Adjuvant Treatment None 14 (48) 3 (7) 6 (7) <0.001

Radiation 10 (34) 29 (64) 22 (25)

Chemoradiation 5 (17) 13 (29) 59 (68)

Radiation Dose None 14 (48) 3 (5) 6 (7) <0.001

50 to 59 Gy 2 (6) 1 (3) 2 (2)

60 to 66 Gy 6 (26) 33 (77) 50 (57)

67 to 70 Gy 5 (17) 3 (5) 19 (22)

Unknown 2 (9) 5 (10) 10 (11)

Abbreviations: Low-Risk: 0–1 lymph node involved and none of features in intermediate or high-risk categories. Intermediate-risk: close surgical 
margins, perineural invasion, pT3-T4, lymphovascular invasion and/or 2 to 4 lymph nodes involved and none of the features in high-risk category. 
High-risk: positive surgical margins, extranodal extension, and/or ≥ 5 lymph nodes involved. Gy, Gray, unit of ionizing radiation dose.
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Table 3.

Survival Outcomes by Risk Category

2-year Survival, % (95% Confidence Interval)

Outcome Low Risk Intermediate Risk High Risk

Progression-Free Survival 89.7 (71.3–96.5) 77.8 (62.6–87.4) 88.4 (79.5–93.6)

Disease-Specific Survival 100 (100–100) 97.6 (83.9–99.7) 97.6 (90.9–99.4)

Disease-Unrelated Survival 94.3 (79.0–98.5) 91.1 (78.0–96.6) 95.2 (87.8–98.1)

Overall Survival 96.6 (77.9–99.5) 88.9 (75.3–95.2) 94.2 (86.6–97.5)

5-year Survival, % (95% Confidence Interval)

Outcome Low Risk Intermediate Risk High Risk

Progression-Free Survival 70.7 (49.4–84.3) 68.2 (52.2–79.9) 75.3 (64.1–88.4)

Disease-Specific Survival 100 (100–100) 90.0 (75.4–96.1) 88.7 (78.3–94.2)

Disease-Unrelated Survival 82.9 (63.1–92.7) 79.4 (62.6–89.3) 88.2 (78.3–93.8)

Overall Survival 87.8 (66.0–96.0) 71.4 (55.0–82.8) 80.1 (69.4–87.5)
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Table 4.

Site of First Recurrence and Death from Disease by Risk Category

Risk Category Site of First Recurrence n (%) Died from Disease n (%)

Low
n = 29

Local 4 (14) 0 (0)

Regional 1 (3) 0 (0)

Distant 0 (0) 0 (0)

Intermediate 
n = 45

Local 2 (4) 2 (100)

Regional 3 (7) 1 (33)

Distant 3 (7) 2 (67)

High
n = 87

Local 3 (3) 2 (67)

Regional 4 (5) 3 (75)

Distant 4 (5) 4 (100)
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