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A B S T R A C T

Objectives: Currently, human papillomavirus-associated oropharyngeal squamous cell carcinoma (HPV-A OPC)
is managed with either primary surgery or definitive chemoradiotherapy (CRT), despite the lack of supporting
randomized prospective data. We therefore assessed the outcomes of each treatment strategy using the National
Cancer Database (NCDB).
Methods: The NCDB was used to identify patients diagnosed with cT1 N2a-2b or cT2 N1-2b HPV-A OPC from
2010 to 2013 who underwent treatment with primary surgery or CRT. Demographic and clinicopathologic
predictors of treatment were analyzed by the chi-square test and logistic regression. Overall survival (OS) was
evaluated using multivariable Cox proportional hazard regression, Kaplan-Meier, log-rank test, and propensity
score-matched analysis.
Results: We identified 3063 patients; 1576 (51.5%) received CRT and 1487 (48.5%) underwent primary surgery.
Median follow up was 32months. 972 (65.4%) surgical patients received adjuvant CRT. On multivariable Cox
regression, 3-year OS was comparable between surgery and CRT (hazard ratio [HR] 1.08, 95% confidence in-
terval [CI] 0.83–1.41, P=0.58). Inferior OS was significantly associated with increasing clinical T and N stage,
older age, and non-private insurance. Propensity score-matching yielded a 2526 patient cohort and redemon-
strated similar OS (HR, 1.09; 95% CI 0.81–1.47; P=0.55). Comparable outcomes persisted in a subset analysis
of patients with margin-negative resection, with 3-year OS 90.8% in CRT patients vs. 93.6% in surgery patients
(log-rank P=0.27).
Conclusions: Upfront surgery and CRT yielded comparable 3-year OS outcomes in this cohort. In this national
sample, 65.4% of surgical patients received trimodal therapy with adjuvant CRT, highlighting the need for
improved patient selection for primary surgery.

Introduction

Human papillomavirus-associated oropharyngeal squamous cell
cancer (HPV-A OPC) incidence has increased significantly over the past
two decades, accounting for over 70% of newly diagnosed OPC and
now having an incidence higher than that of uterine cervical cancer
[1,2]. HPV-A and HPV-negative OPCs are now considered distinct dis-
eases, as evidenced by different etiologies, natural histories [3,4],
biomolecular signatures [5–7], treatment responsiveness [8], and sta-
ging systems [9]. Numerous prospective trials have demonstrated that
HPV positivity confers improved prognosis compared to patients with
similar stage HPV-negative tumors [8,10–17].

The current standard of care for locally advanced HPV-A OPC
consists of definitive concurrent chemoradiation (CRT) or primary
surgery with or without adjuvant radiation (RT) or CRT. While effec-
tive, conventional management incurs long-term morbidity that esca-
lates with treatment intensity and significantly impairs quality of life
[18], possibly representing overtreatment in this favorable-prognosis
patient population. In response, the role of surgery is expanding [19],
including the use of minimally invasive approaches such as transoral
robotic surgery (TORS) [20,21], with the goal of minimizing adjuvant
therapy and treatment morbidity. While the rate of major complications
with TORS is decreasing with higher surgeon case volume [22], concern
for treatment-induced morbidity has prompted the initiation of
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multiple trials aiming to reduce treatment-related toxicity in this po-
pulation via reduction of adjuvant therapy or the use of less toxic de-
finitive CRT regimens.

Nonetheless, a prospective, randomized trial comparing oncologic
outcomes between primary surgery and definitive CRT in this patient
population has not been conducted to date. In the absence of rando-
mized prospective data, carefully controlled population-based analyses
can provide crucial evidence regarding comparative effectiveness. We
therefore used the National Cancer Data Base (NCDB) to characterize
the patterns of care and the effectiveness of primary surgery vs. defi-
nitive CRT among patients with cT1 N2a-2b or cT2 N1-2b HPV-A OPC.

Methods

Data source

The NCDB is a combined program of the Commission on Cancer of
the American College of Surgeons and the American Cancer Society.
There are more than 1500 CoC–accredited institutions, and the NCDB
includes more than 70% of patients newly diagnosed with cancer in the
United States [23].

Study sample

The institutional review board of Yale University granted this study
exempt status and waived requirement for consent. Using the NCDB, we
identified patients who would likely be eligible for transoral surgery or
CRT based on receiving a diagnosis of cT1 N2a-2b or cT2 N1-2b HPV-A
OPC between 2010 and 2013 (Fig. 1). HPV status was derived by re-
cording the results of any HPV testing performed on pathologic speci-
mens from the primary tumor or a metastatic site. We defined HPV
positivity as patients who tested positive for high-risk HPV. The time
period of 2010–2013 was selected as HPV status was not coded for

patients diagnosed before 2010 and adequate follow up data was not
available for patients diagnosed after 2013. Patients recommended to
receive RT alone per NCCN guidelines were excluded, as they have
earlier stage disease and/or more favorable disease characteristics that
may skew outcomes results in favor of the nonsurgical group. CRT was
defined as chemotherapy initiation within 14 days of RT initiation. CRT
patients that fell outside of this window were excluded, as their treat-
ment was no longer considered concurrent. Surgery was defined as
surgical excision of the primary tumor site, excluding codes for local
tumor destruction and local tumor excision to eliminate patients un-
dergoing excisional biopsy only.

Statistical methods

Patient clinicodemographic factors were categorized and compared
by treatment group (primary surgery vs. CRT) using the chi-square test.
A multivariable logistic regression model was constructed using back-
ward elimination with a univariable inclusion criterion of P < 0.10.
The variance inflation factor was estimated to exclude the possibility of
overlapping of highly correlated independent variables, and goodness-
of-fit was ensured using the Hosmer-Lemeshow test.

OS was evaluated using the time from diagnosis until death or the
date the patient was last contacted. Median follow up time was calcu-
lated using the reverse Kaplan-Meier method [24]. Univariable Cox
regression was used to calculate unadjusted hazard ratios (HR) for
survival using clinicopathologic factors potentially affecting survival.
Variables trending towards significance on univariable analysis
(P < 0.10) were included in a Cox multivariable regression to identify
factors significantly associated with improved OS. Schoenfeld residuals
were calculated to ensure the proportional hazards assumption was not
violated. The Kaplan-Meier estimator and the log-rank test were used to
compare OS between treatment groups. Shared frailty analysis was
performed to examine heterogeneity between treatment centers.

Fig. 1. Identification of Study Cohort.
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