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Abstract

Background: Oropharyngeal squamous cell carcinoma (OPSCC) epidemiology has not been 

examined previously in the nationwide Veterans Affairs (VA) population.

Methods: Joinpoint regression analysis was applied to OPSCC cases identified from VA 

administrative data from 2000 to 2012.

Results: We identified 12 125 OPSCC cases (incidence: 12.2 of 100 000 persons). OPSCC 

incidence declined between 2000 and 2006 (annual percent change [APC] = −4.27, P < .05), then 

increased between 2006 and 2012 (APC = 7.02, P < .05). Significant incidence increases occurred 

among white (APC = 7.19, P < .05) and African American (APC = 4.87, P < .05) Veterans and 

across all age cohorts. The percentage of never-smokers increased from 8% in 2000 to 15.7% in 

2012 (P < .001), and 2-year overall survival improved from 31.2% (95% confidence interval (CI) 

[30-33.4]) to 55.7% (95% CI [54.4-57.1]).
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Conclusions: OPSCC incidence is increasing across all racial and age cohorts in the VA 

population. Smoking rates remain high among Veterans with OPSCC and gains in survival lag 

those reported in the general population.
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1 INTRODUCTION

Over the last two decades, the epidemiology of head and neck cancer has changed 

significantly. While the overall incidence of head and neck cancer has declined along with a 

decrease in smoking prevalence, there has been a recent increase in the incidence of 

oropharyngeal squamous cell carcinoma (OPSCC) associated with human papillomavirus 

(HPV) infection.1–4 Head and neck cancer is traditionally associated with heavy smoking 

and alcohol consumption, yet it is estimated that approximately 60% to 70% of new OPSCC 

cases are attributable to HPV.5,6 In 2015, OPSCC overtook cervical cancer as the most 

common HPV-associated in the United States.7

The Veterans Health Administration (VHA) represents the largest integrated health care 

system in the United States.8 The demographic characteristics of VHA patients differ from 

the general population; the Veteran population is significantly older9 and with higher 

exposure to tobacco10,11 compared to the general population. Several recent single-

institutional series have examined the changing nature of OPSCC in the VHA population, 

demonstrating an increase in HPV-positive OPSCC cases.12,13 The degree to which these 

trends are generalizable to the broader Veteran population remains unknown. To date, no 

population-level analysis of OPSCC epidemiology in Veterans has been conducted. The 

purpose of this study was to use the national VHA administrative database to (a) measure the 

incidence of OPSCC in the national VHA population and (b) measure the number of 

OPSCC cases potentially attributable to tobacco exposure. We hypothesized that OPSCC 

incidence has increased among Veterans but without the dramatic concomitant reduction in 

tobacco exposure noted in the general population.

2 METHODS

2.1 Veterans Affairs population

After approval from the Institutional Review Board (IRB) for Human Subjects Research at 

Baylor College of Medicine and the Michael E. DeBakey VA Medical Center (MEDVAMC), 

a retrospective cohort study of all Veterans diagnosed with OPSCC between 2000 and 2012 

at VA hospitals nationwide was conducted using VA administrative databases. Given the 

retrospective nature of the study waiver of consent was requested and approved by the IRB. 

The VA Inpatient and Outpatient Medical SAS Datasets were used to identify patients with 

OPSCC using International Classification of Diseases, 9th edition (ICD-9) codes. ICD-9 

codes for OPSCC include: 141.0 (malignant neoplasm of base of tongue, 141.6 (malignant 

neoplasm of lingual tonsil), 146 (malignant neoplasm of oropharynx), 146.0 (malignant 

neoplasm of tonsil), 146.1 (malignant neoplasm of tonsillar fossa), 146.2 (malignant 
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neoplasm of tonsillar pillars), 146.3 (malignant neoplasm of vallecula epiglottica), 146.4 

(malignant neoplasm of anterior aspect of epiglottis), 146.5 (malignant neoplasm of 

junctional region of oropharynx), 146.6 (malignant neoplasm of the lateral wall of 

oropharynx), 146.7 (malignant neoplasm of posterior wall of oropharynx), 146.8 (malignant 

neoplasm of other specified sites of oropharynx), and 146.9 (malignant neoplasm of 

oropharynx, unspecified site). 145.3 (malignant neoplasm of soft palate) and 145.5 

(malignant neoplasm of uvula) were not included. Individual subjects with at least two 

hospital or clinic visits in which OPSCC or ICD-9 codes were recorded within 6 months 

were included in this study. Incident cases of OPSCC were calculated as a proportion of the 

total number of unique patients who had at least one visit to a VA hospital or clinic each 

year.

Smoking data for these patients were obtained from ICD-9 and CPT codes for tobacco-

associated diseases using outpatient records, inpatient records, and from the VHA Corporate 

Data Warehouse (CDW) Health Factors database.14 This database is a national repository 

that contains clinical and administrative data from the VHA and its use in research has been 

previously validated.14,15 This administrative data source does not make it possible to 

separate current smokers from former smokers, nor to identify if and when smokers quit, 

therefore these patients were grouped as “ever-smokers.” Patients identifiable as “never have 

smoked” or “lifetime non-smoker” in this database were grouped as “never-smokers.”

2.2 Statistical methods

Age-standardized yearly incidence rates were calculated between 2000 and 2012. Incidence 

rates were age-adjusted based on the age distribution of the 2000 VA population. All 

incidence rates were expressed as the number of cases/100 000 persons.

Joinpoint regression analysis was used to determine annual percent change (APC) in 

incidence as well as to identify changes in OPSCC incidence trends over the study period. 

All joinpoint regression analyses were performed using statistical software from the United 

States National Cancer Institute Surveillance, Epidemiology, and End Results Program.16 

This software identifies timepoints when a statistically significant change in a trend has 

occurred, known as a “joinpoint.” The maximum number of joinpoints was limited to 2, in 

accordance with Surveillance, Epidemiology, and End Results (SEER) recommendations 

given the number of years included in this study.17 To assess the number of joinpoints, slope 

in the trends, and their significance, the software uses a Monte Carlo based permutation test.
18 APC was calculated assuming a Poisson distribution.18,19

The VHA Vital Status File was used to assess the time of death and overall survival (OS) for 

the subjects included in this study. This vital status file combines mortality data from 

multiple VHA and non-VHA data sources including the Beneficiary Identification Records 

Locator Subsystem (BIRLS) Death file, VHA Medicare Vital Status File, and the Social 

Security Administration (SSA) Death Master File. OS at 2 years was determined using the 

Kaplan-Meier method. In order to assess possible changes in survival during the study 

period, 2-year OS was determined for the time periods 2000-2006 and 2007-2012 and 

comparison between groups were made using log-rank statistics. Time periods were defined 

based on an initial joinpoint analysis showing a change in OPSCC incidence trend in 2006. 
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All survival analyses were performed using SAS 9.3. (SAS Institute, Inc., Cary, North 

Carolina).

3 RESULTS

3.1 Patient demographics

A total of 12 125 patients with oropharyngeal cancer were identified from 10 889 840 

individual patients receiving care within the VHA health care system between 2000 and 

2012. Table 1 summarizes demographic characteristics for the study cohort. The average age 

of patients was 64 years and the vast majority of patients (99%) were males. Overall, 79.2% 

of patients were non-Hispanic white and 14.0% African American, 4.0% Hispanic, and 2.8% 

other/unknown race/ethnicity. Throughout the study period, we identified a statistically 

significant increase in the number of never-smokers among Veterans with OPSCC. The rate 

of never-smokers increased from 8.3% in 2000 to 15.5% in 2012 (P = .0003).

3.2 Joinpoint regression analysis

The mean OPSCC incidence for the entire time period was 12.2 cases of 100 000 persons, 

with a decrease in OPSCC incidence from 13.1 of 100 000 in 2000 to a low of 9.6 of 100 

000 in 2006. This trend was followed by an increase in OPSCC incidence to a high of 15.6 

of 100 000 in 2012. Joinpoint regression analysis was performed for the entire cohort, by 

age group, and by race (Table 1). Overall, a statistically significant decline in OPSCC 

incidence was noted between 2000 and 2006 (APC = −4.27, P < .05), followed by a 

statistically significant increase between 2006 and 2012 (APC = 7.02, P < .05) (Figure 1).

OPSCC incidence trends by age group are found in Figure 2. OPSCC incidence in the 50 to 

69 year age group decreased significantly between 2000 and 2006 (APC = −1.42, P < .05) 

and increased between 2006 and 2012 (APC = 7.13, P < .05). Similar trends were seen in the 

>70 age group, but with an earlier joinpoint and less pronounced changes.

We considered the impact of race on OPSCC incidence in the VHA (Figure 3). OPSCC 

incidence in both non-Hispanic whites (APC = −2.17, P < .05) and African Americans (APC 

= −6.20, P < .05) decreased significantly between 2000 and 2006. This was followed by a 

significant increase between 2006 and 2012 in both non-Hispanic whites (2006–2012, APC 

= 7.19, P < .05) and African American Veterans (2006-2012, APC = 4.87, P < .05).

We then examined OS in the VHA OPSCC cohort over the study period. Two-year OS for 

the early (2000-2006) and the late (2007-2012) study periods was 31.2% (95% CI [30-33.4]) 

and 55.7% (95% CI [54.4-57.1]), respectively (log-rank P-value <.001) (Figure 4A). When 

we examined survival in 1 to 3 year time intervals throughout the study period, we note a 

more gradual improvement in survival between 2000 and 2012 (log rank P-value <.001) 

(Figure 4B). We also examined OS among ever-smokers vs never-smokers. Two-year OS 

was 45.2% (95% CI [44.1-46.4]) and 62.8% (95% CI [59.6-65.8]) in ever-smokers vs never-

smokers, respectively (log-rank P-value <.001).
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4 DISCUSSION

We are the first to examine the epidemiology of oropharyngeal cancer across the entire VHA 

in the modern era. Using VHA administrative data, we note a decline in OPSCC incidence 

between 2000 and 2006 that was followed by an incidence increase between 2007 and 2012. 

In addition to changes in OPSCC incidence within the VHA, we note a decline in tobacco 

use among OPSCC patients over the last 10 years, suggesting an alternative etiology for the 

recent increase in incidence. These trends underscore the dynamic nature of the patient 

population treated in the VHA and provide opportunities to explore the changing etiology of 

OPSCC among Veterans.

Shifts in OPSCC incidence within the VHA population differ temporally from trends in the 

general population. A SEER database analysis from 1975 to 2014 by Osazuwa-Peters et al 

demonstrated that OPSCC incidence increased in the overall population from 2000 to 

2014.20 Among Veterans, we see a similar trend within the VHA occurring approximately 6 

years later. Interestingly, the APC demonstrated in the VHA population is higher compared 

to the general population using the SEER database (7.02 vs 2.33). Although HPV data is not 

available in this administrative database study, several previous single-institutional series 

demonstrate an increase in HPV-positive OPSCC cases among Veterans over the same time 

period.12,21,22 At our own institution, we noted an increase in HPV-positive OPSCC from 

41% (2000-2002) to 55% (2009-2011).12 These data, in combination with the system-wide 

increase in incidence and decrease in tobacco exposure, support our contention that the 

trends noted in the Veteran OPSCC population are likely associated with a rise in HPV-

positive OPSCC. The reason for the delayed incidence increase in the VHA population is 

unclear. Given significantly higher rates of smoking in Veterans compared to the general 

population,10,11 we postulate that an early increase in HPV-positive OPSCC incidence may 

have been masked by the persistently elevated incidence of OPSCC cases attributable to 

smoking. Notwithstanding temporal changes in incidence, our data strongly suggest a 

growing burden of HPV-positive OPSCC in the VHA population that now parallels that in 

the general population.

The findings from this study also provide more insight into the changing demographics of 

diverse OPSCC populations across the United States. Previous reports suggested that the 

HPV-positive OPSCC incidence increase was limited primarily to younger, non-Hispanic 

white males,23 while more recent data suggest that HPV-positive OPSCC incidence has 

increased in all racial/ethnic groups and age cohorts. Faraji et al recently noted rapidly rising 

prevalence of HPV-positive OPSCC in African Americans and Hispanics.24 A study of 

National Cancer Database of patients with OPSCC by Rettig et al noted an increase in the 

proportion of OPSCC cases associated with HPV across all age groups.25 Among patients 

>70 years of age, the proportion of HPV-positive cases is now 60%. They also demonstrate 

an increase in the age at diagnosis for patients with HPV-positive OPSCC over the 5 years.25 

While we do not have HPV status for the cases in this study, the trends noted in this study 

further support these findings. Among Veterans, we demonstrate increased incidence in both 

non-Hispanic whites and African Americans and across multiple age groups. Although 

HPV-positive OPSCC is certainly most commonly encountered in non-Hispanic white 
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patients, a high index of suspicion and appropriate HPV testing should be conducted on all 

Veterans seen with OPSCC.

Despite the increased incidence of OPSCC in the VHA, we do not see a parallel 

improvement in OS that would be expected given the suspected rise in HPV-positive cases. 

Even as HPV-positive OPSCC cases rise among Veterans, our data suggest that the majority 

of cases within the VHA remain strongly associated with tobacco use. The rate of never-

smokers ranged from 8% to 15% per year, significantly lower compared to approximately 

40% in recent OPSCC cohorts presented in the literature.5,6 In the recently released 2019 

Survey of Veteran Enrollees’ Health and Use of Health Care, smoking prevalence among all 

Veterans was found to be unchanged compared to the previous year at 14.6% and more that 

50% of current smokers were found to have made an unsuccessful quite attempt in the 

previous 12 months.26 As has been reported in other series, smokers with OPSCC have poor 

survival in the VHA cohort.12,21 Strikingly, OPSCC survival remained relatively poor even 

among never-smokers, with 2-year OS of 62.8% compared to 75% to 90% 5-year survival 

reported in other modern series.2,5,27,28 These findings may reflect the fact that the VHA 

population is significantly older9 and has higher rates of comorbidities compared to the 

general population.29 They also highlight the persistent heterogeneity of OPSCC, even as 

national research efforts are increasingly focused on treatment deintensification and 

excellent outcomes associated with HPV-positive OPSCC.27,30–32 A more complete, 

Veteran-specific analysis of the factors related with OPSCC outcomes (including race and 

smoking status) is required to provide more informed counseling and prognostication for 

this population.

This study has several limitations. The use of ICD-9 codes from VA administrative data is 

potentially subject to information bias, including the potential for misclassification. 

Although ICD-9 codes do not provide details on tumor histology, tumor stage, treatment, 

and outcomes, administrative data have been previously used to study other cancer sites.33,34 

We conducted a validation of OPSCC ICD-9 codes on a sample of 200 cases from a single 

VHA tertiary center (Michael E. DeBakey VA Medical Center, MEDVAMC). We found a 

positive predictive value of 86%, which is similar to other administrative and claims 

databases.34–37 Given the large number of cases, the relatively small number of potential 

false positive OPSCC cases would not be sufficient to alter the trends noted in this study. We 

acknowledge that not all ICD-9 codes that represent the oropharynx were included; 

nevertheless, malignant neoplasms of the soft palate and uvula are rarely associated to HPV,
38 represent the minority of OPSCC and cases have been steadily decreasing throughout the 

years.39 Therefore including these subsites would not add a significant impact or change in 

the noted epidemiologic trends. Another important limitation is the lack of data on HPV 

status among subjects in this cohort. While this administrative database study was not 

designed to determine the impact of HPV on OPSCC trends in the VHA population, our data 

built on two previous studies single-institutional VHA studies that demonstrate an increase 

in HPV-associated OPSCC. With respect of survival analysis, we recognize that our study 

was limited to OS only. However, OS remains an important metric for this study, especially 

given the significantly worse survival in the VHA OPSCC population compared to the 

civilian population.
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This study provides important insight into the current and future burden of OPSCC in the 

VHA population. Taken together with previous work, our findings suggest that OPSCC 

incidence is increasing in the VHA population with persistently high rates of smoking and 

without the parallel improvement in OS. These findings underscore the need for Veteran-

specific research on head and neck cancer epidemiology and outcomes.
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FIGURE 1. 
Joinpoint regression analysis, oropharyngeal cancer incidence in the Veterans Health 

Administration (VHA) population, 2000-2012. An asterisk following the annual percentage 

change (APC) value indicates statistical significance (P < .05) [Color figure can be viewed at 

wileyonlinelibrary.com]
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FIGURE 2. 
Joinpoint regression analysis, oropharyngeal cancer incidence in the Veterans Health 

Administration (VHA) population by age group, 2000-2012. A, Age <50; B, age 50 to 69; 

C, age >70. An asterisk following the annual percentage change (APC) value indicates 

statistical significance (P < .05) [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 3. 
Joinpoint regression analysis, oropharyngeal cancer incidence in the Veterans Health 

Administration (VHA) population by race, 2000-2012. A, Non-Hispanic white; B, African 

Americans. An asterisk following the annual percentage change (APC) value indicates 

statistical significance (P < .05) [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 4. 
Oropharyngeal cancer survival in the Veterans Health Administration (VHA) population. A, 

Overall survival per group defined by joinpoint regression analysis: 2000-2006 and 

2007-2012; B, overall survival per year of diagnosis: 2000-2012 [Color figure can be viewed 

at wileyonlinelibrary.com]
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