
Abstract. Aim: To assess whether poorly differentiated tumors
and non-keratinizing tumors have similar demographic and
clinical characteristics as human papilloma virus (HPV)-
positive tumors in patients with oropharyngeal cancer. Patients
and Methods: The study cohort included patients diagnosed
with oropharyngeal squamous cell carcinoma between 2004
and 2012 identified in the Surveillance, Epidemiology, and End
Results 18 Database. Results: Poorly differentiated tumors
were associated with early T stage (odds ratio (OR)=1.23),
nodal metastasis (OR=1.66) and tonsil fossa origin (OR=1.22).
Non-keratinizing tumors were associated with early T stage
(OR=1.23), nodal metastasis (OR=1.66) and tonsil fossa origin
(OR=1.22). Poorly differentiated tumors were associated with
improved overall survival (OS) (hazard ratio (HR)=0.78,
p<0.001). Non-keratinizing tumors were associated with
improved OS (HR=0.71, p<0.001). Conclusion: Histological
grade and keratinization may be useful surrogates to adjust for
the effects of HPV status in oropharyngeal cancer studies
utilizing population-based cancer databases.

Oropharyngeal cancer accounts for 10-12% of all upper
aerodigestive tract cancers (1). The incidence of
oropharyngeal cancer is rising (2); approximately 14,000
cases were diagnosed in the United States in 2013,
accounting for 2,400 deaths (3). The majority of these
cancers are squamous cell carcinoma. The major risk factors
or oropharyngeal cancer are tobacco, alcohol consumption
and human papilloma virus (HPV) infection (4, 5).
Oropharyngeal cancer is a major cause of mortality with a
5-year relative survival rate of approximately 50% (6). 

The management of oropharyngeal cancer still remains
controversial. Surgery, radiation therapy and chemotherapy are
used for single or multimodality therapy. To date, no
randomized controlled trial (RCT) has compared the efficacy
for effectiveness of surgical versus non-surgical treatment for
oropharyngeal squamous cell carcinoma. Prior attempts at
conducting RCTs have been hampered by poor patients’
accrual (7). As such, well-conducted comparative effectiveness
analyses of population-based observational data may provide
much needed information on how to most effectively treat
these patients. Unfortunately, most population-based cancer
databases do not provide information on HPV status, an
important prognostic factor in oropharyngeal cancer. 

HPV-positive oropharyngeal cancers have distinct
demographic and clinicopathological characteristics. They
are more common in white male patients (8-11). They most
commonly arise in tonsillar tissue (9, 10). HPV-positive
cancers usually present with smaller primary tumors and
high-rate of nodal metastasis (9, 10). Most importantly,
patients with HPV-positive oropharyngeal cancers have
significantly better prognosis than their HPV-negative
counterparts (9-11). Histologically, HPV-positive tumors are
more likely to be poorly differentiated and non-keratinizing
(12-15). Thus, histological grade and degree of keratinization
may be a useful surrogate for HPV status in analysis of
population-based cancer databases. Surveillance,
Epidemiology, and End Results (SEER) database provides
information on histologic grade but no information on HPV
status. The goal of this study is to assess whether poorly
differentiated tumors and non-keratinizing tumors have
similar demographic and clinical characteristics as HPV-
positive tumors.

Patients and Methods
Data were extracted from the Surveillance, Epidemiology, and End
Results (SEER) 18 Database of the National Cancer Institute, which
includes data obtained from 18 population-based cancer registries
in the United States. The study cohort included patients diagnosed
with oropharyngeal squamous cell carcinoma between 2004 and
2012. The following International Classification of Diseases or
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Oncology codes were included: C01.9 (Base of tongue, NOS),
C02.4 (Lingual tonsil), C05.1 (Soft palate, NOS), C05.2 (Uvula),
C09.0 (Tonsillar fossa), C09.1 (Tonsillar pillar), C09.8 (Overlapping
lesion of tonsil), C09.9 (Tonsil, NOS), C10.0 (Vallecula), C10.2
(Lateral wall of oropharynx), C10.3 (Posterior wall of oropharynx),
(C10.8-Overlapping lesion of oropharynx) and C10.9 (Oropharynx,
NOS). Exclusion criteria included multiple primary tumors, cases
in which race was recorded as “Unknown” and cases in which the
mode of therapy was unknown.

Race was recorded in the SEER database as “White”; “Black”;
“Other: American Indian, Alaska Native, Asian/Pacific Islander”; or
“Unknown”. For analysis, race was dichotomized to “Black” and
“White/Other”. Marital status was grouped as “married” (including
common law) or “single” (single-never married, divorced, widowed).
Tumor site was grouped as “base of tongue,” “soft palate,” “tonsil,”
“pharyngeal wall” and “Other.” Unresectable tumor was defined as
T4b for N3 tumor. All cases were coded using the American Joint
Committee on Cancer (AJCC) staging 6th edition (16).

The SEER computer software (SEER*Stat version 8.3.2;
National Cancer Institute, Bethesda, MD, USA; Information
Management Services, Inc., Calverton, MD, USA) was used to
extract data from the SEER database. The statistical analysis was
performed using IBM SPSS version 20 (IBM Corp., Armonk, NY,
USA). Unadjusted logistic regression model was used to compare
demographic and clinical characteristics by histologic grade and
keratinization. Survival analysis was performed using Kaplan-Meier
analysis. Cox proportional hazard regression model was used for
multivariable analysis. Race, age, sex, marital status, year of
diagnosis, site, AJCC stage group, presence of distant metastasis,
presence of unresectable tumor, surgical resection of primary site,
treatment with neck dissection and radiation therapy were entered
a priori into the model. Cases with missing values were excluded
from analysis. An estimate was considered statistically significant
at α=0.05. This study was exempt from review by the Stanford
University School of Medicine Institutional Review Board because
it was conducted using de-identified public data.

Results
Clinical characteristics. From 2004 to 2012, the SEER
database identified 20,697 patients meeting the inclusion
criteria. The patients’ characteristics are displayed in Table
I. White patients were more likely to have poorly
differentiated tumors than other racial groups (odds ratio
(OR)=1.31, 95% confidence interval (CI)=1.20-1.43,
p<0.001). White patients were also more likely to have non-
keratinizing tumors than other racial groups (OR=1.31, 95%
CI=1.13-1.52, p<0.001). Comparisons of clinical
characteristics are shown in Table II. Poorly differentiated
tumors were more likely to present with early T stage than
well-differentiated tumors (OR=1.23). Poorly differentiated
tumors were more likely to present with nodal metastasis
than well-differentiated tumors (OR=1.66). Poorly
differentiated tumors were more likely to occur in the tonsil
fossa than well-differentiated tumors (OR=1.22). Non-
keratinizing tumors were more likely to present with early T
stage than keratinizing tumors (OR=1.23). Non-keratinizing
tumors were more likely to present with nodal metastasis

than keratinizing tumors (OR=1.66). Non-keratinizing
tumors were more likely to occur in the tonsil fossa than
keratinizing tumors (OR=1.22). 

Survival analysis. On univariable analysis, patients with
poorly differentiated tumors had better overall survival (OS)
than patients with well-differentiated tumors (5-year
OS=66.3% vs. 57%, p<0.001) (Figure 1). Patients with
poorly differentiated tumors had better disease-specific
survival (DSS) than patients with well differentiated tumors
(5-year DSS=73.2% vs. 64.7%, p<0.001). Patients with non-
keratinizing tumors had better OS than patients with
keratinizing tumors (5-year OS=73.7% vs. 59.5%, p<0.001).
Patients with non-keratinizing tumors had better DSS than
patients with keratinizing tumors (5-year DSS=73.2% vs.
64.7%, p<0.001).

The results of the multivariable survival analysis are
shown in Table III. Poorly differentiated tumors were
associated with improved OS (hazard ratio (HR)=0.78,
p<0.001)) and DSS (HR=0.75, p<0.001). Non-keratinizing
tumors were associated with improved OS (HR=0.71,
p<0.001) and DSS (HR=0.68, p<0.001).

Discussion

The results of our study show that poorly differentiated
tumors and non-keratinizing tumors have similar
characteristics as HPV-positive tumors. Like HPV-positive
tumors, poorly differentiated tumors and non-keratinizing
tumors are more likely to present with smaller primary
tumors (early T stage), are more likely to present with lymph
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Table I. Patients’ characteristics.

Variable

Mean Age (SD)                                                 58.98 (10.53)
Female                                                              3,617 (17.5%)
Race                                                                              
   White                                                            17,878 (86.4%)
   Black                                                             2,151 (10.4%)
   Other                                                               668 (3.2%)
Grade                                                                            
   Poorly differentiated                                     8,025 (38.8%)
   Well-differentiated                                        7,977 (38.5%)
   Grade not recorded                                       4,695 (22.7%)
Non-keratinizing                                               1,906 (9.2%)
Site                                                                                
   Tongue base                                                  8,439 (40.8%)
   Soft palate                                                        835 (4.0%)
   Tonsil                                                             9,950 (48.1%)
   Pharyngeal wall                                               295 (1.4%)
   Other                                                             1,178 (5.7%)



node metastasis and are more likely to occur in the tonsil
fossa. Similar to HPV-positive tumors, poorly differentiated
tumors and non-keratinizing tumors are associated with
improved survival.

Tumor HPV status is an important prognostic factor in
oropharyngeal cancer. Ang et al. examined the impact of HPV
status on survival in 433 patients with advanced oropharyngeal
cancer, enrolled in a Radiation Therapy Oncology Group trial
comparing two radiotherapy regimens (11). They found that
patients with HPV-positive tumors had smaller primary tumors
and improved survival. They found that HPV status was an
independent prognostic factor for survival on multivariable
analysis. Lam et al. examined clinicopathologic features of
HPV-associated oropharyngeal cancer in 207 Chinese patients
(9). They found that HPV-positive cancers were more likely
to occur in the palatine tonsils and with smaller primary
tumors. HPV-positive cancers were also associated with
increased risk of nodal metastasis but, paradoxically, had
improved survival. The similar findings or poorly
differentiated and non-keratinizing tumors suggest that
histologic grade and keratinization may be useful surrogates
to adjust for the effects of HPV status in oropharyngeal cancer
studies utilizing population-based cancer databases. 

The main strength of our study lies in its large sample size
and diverse patients’ characteristics. Utilizing the SEER
database allows us to analyze a large and diverse population
with outstanding quality control. The catchment areas used

in the SEER database were selected for their ability to
maintain a high-quality cancer reporting system and for
demographic characteristics that are representative of the US
population as a whole. We limited our analysis to patients
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Table II. Clinical characteristics by grade and keratinization.

Clinical characteristic                                   Histologic features                                       Odds ratio (95% CI)                                        p-Value

Early T stage                                                Poorly differentiated                                         1.23 (1.15, 1.33)                                            <0.001
                                                                        Non-keratinizing                                            1.52 (1.35, 1.71)                                            <0.001
Nodal metastasis                                          Poorly differentiated                                         1.66 (1.53, 1.79)                                            <0.001
                                                                        Non-keratinizing                                            1.50 (1.30, 1.71)                                            <0.001
Tonsil fossa primary                                    Poorly differentiated                                         1.22 (1.15, 1.30)                                            <0.001
                                                                        Non-keratinizing                                            1.43 (1.30, 1.57)                                            <0.001
                                                                                                                                                                         
CI, Confidence interval. 

Table III. Impact of tumor grade and keratinization on survival (multivariable analysis). Each variable was analyzed independently, adjusting for
race, age, sex, marital status, year of diagnosis, site, American Joint Committee on Cancer (AJCC) stage group, presence of distant metastasis,
presence of unresectable tumor, surgical resection of primary site, treatment with neck dissection and radiation therapy.

Survival                                                         Histologic features                                     Hazard ratio (95% CI)                                      p-Value

Overall survival                                           Poorly differentiated                                         0.78 (0.73, 0.88)                                            <0.001
                                                                        Non-keratinizing                                            0.71 (0.63, 0.79)                                            <0.001
Disease-specific survival                             Poorly differentiated                                         0.75 (0.69, 0.80)                                            <0.001
                                                                        Non-keratinizing                                            0.68 (0.60, 0.78)                                            <0.001

CI, Confidence interval. 

Figure 1. Overall survival as a function of histologic grade. p<0.001
by log-rank test.



diagnosed from 2004 to 2012 because the SEER database
uses the 6th edition of the AJCC staging criteria only or
cases diagnosed after 2003. This study is primarily limited
by the retrospective nature of the analysis. In addition, since
the SEER database does not provide information on HPV
status, direct correlation between HPV status and tumor
grade and keratinization cannot be analyzed.

In conclusion, our study suggests that histological grade
and keratinization may be useful surrogates to adjust or the
effects of HPV status in oropharyngeal cancer studies
utilizing population-based cancer databases. Like HPV-
positive tumors, poorly differentiated tumors and non-
keratinizing tumors are more likely to present with smaller
primary tumors and with lymph node metastasis and are
more likely to originate in the tonsil fossa. Similar to HPV-
positive tumors, poorly differentiated tumors and non-
keratinizing tumors are associated with improved survival.
Further studies are needed to examine the predictive value
of histological grade and degree of keratinization or HPV
status in population-based cancer databases. The National
Cancer Database (NCDB) provides information on HPV
status or patients diagnosed after 2008 and may be a useful
tool to examine this.
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