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Abstract
Oral and pharyngeal cancer is a persistent oral health problem. Baseline and trend data to measure
progress are lacking. Our long-term goal is to create an algorithm using Medicare claims to identify
oral and pharyngeal cancer cases among those ages 65 and older. The goal of this project was to
assess the completeness of the SEER-Medicare linked database for identifying incident oral and
pharyngeal cancer cases. We compared incidence rates from the “gold-standard” SEER limited-use
database to those from the SEER-Medicare linked database using a quasi-likelihood extension of
Poisson regression, allowing for over-dispersion. Adjustment for age, sex, race and ethnicity, and
interaction terms between these explanatory variables with data source were used to assess the
completeness of the SEER-Medicare linked database among these subgroups. Approximately 6.4%
of the cases were missing from the SEER-Medicare linked database. The completeness varied by
race and ethnicity (p=0.066). Future development of an algorithm to identify oral and pharyngeal
cancer cases using Medicare claims alone can potentially identify over 93% of the cases; however,
Hispanic, non-Hispanic black, and non-Hispanic other race and ethnicity subgroups will be less likely
than non-Hispanic whites to be identified in such future algorithms.
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INTRODUCTION
Approximately 30,000 people are diagnosed with oral and pharyngeal (OP) cancers every year
in the U.S., and nearly one-fourth of that number die from the disease in the U.S. annually.1–
3 It is ranked the sixth most common type of cancer in the developed world.3 OP cancer impacts
heavily among the elderly.2 Nearly half of incident OP cancers are diagnosed in individuals
ages 65 and older, and the median age at diagnosis is 64 years.4 Thus, as the U.S. population
ages, the burden of OP cancer will likely follow the trend of other cancers—worsening over
time.

While incidence rates for OP cancers have modestly decreased over the past 20 years,3
prognosis remains poor.2 During this same period, the 5-year survival rate has remained
between 50% and 60%.3 The prognosis is even worse for some subgroups; for example, the
5-year survival rate among black or African Americans is only 34%.2 Other disparities are also
seen in the U.S. among rural populations, individuals with disabilities, the homeless, and the
frail elderly, among others.2

OP cancers disproportionately affect the elderly, so as the elderly population continues to grow
the need for more research to reduce the burden of OP cancer among this population becomes
more pressing. Unfortunately, the elderly population has been underrepresented in cancer
treatment trials.4–7 Consequently, little is known about potential drug-drug interactions or the
impact of the common comorbid conditions with cancer treatment among the elderly,4, 5, 7,
8 underscoring the need for further research in the elderly population from all races and
ethnicities.

The Department of Health and Human Services, in their report of the Surgeon General on oral
health in America, noted that national, state, and local surveillance databases regarding oral
and craniofacial diseases, health services, and utilization of care are limited or are lacking.2
They further stated that, “reliable and valid measures of oral health outcomes do not exist and
need to be developed, validated and incorporated into practice and programs.”2 This sentiment
is also consistent with the NIDCR Strategic Plan 2003–08.1

The Institute of Medicine advocates linkages between population-based registries with
administrative databases.9 Weir et al.10 discussed the need for such treatment and comorbidity
information to supplement information used to direct interventions aimed at improving cancer
outcomes, particularly among the underserved. Such linkages will facilitate investigations into
the patterns and the quality of care received10–12 as cases exist where individuals with cancer
have not received treatment known to be effective.13, 14 Results could then be disseminated at
the national, state, and local levels.

The long-term, future goals of this research are to develop, validate, and utilize an algorithm
based on Medicare claims that can identify incident cases of oral and pharyngeal cancer in the
U.S. population ages 65 and older. Use of this algorithm could provide a vital link by enabling
the study of health trajectories and facilitating the development of quality control measures
that could be monitored efficiently over time. Though data exist (such as the SEER-Medicare
linked database described below) that enable such assessments, the ability to draw cases from
the entire Medicare population—rather than only those in both Medicare and a SEER Program
(described below) registry—could provide a more general population base of study. Such
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coverage is especially relevant for OP cancer since its burden is more pronounced in rural parts
of the country, while the SEER coverage areas are more urban than the general U.S. population
(among other differences).13,15 This manuscript describes the first step in this process, the
evaluation of the completeness of the SEER-Medicare linked database compared to the “gold-
standard” SEER limited-use database. The SEER-Medicare linked database is the data source
that will later be used to derive and validate an algorithm to identify incident cases from
Medicare claims.

METHODS
This project was approved by the University of Kansas Medical Center Human Subjects
Committee (HSC #10914).

SEER Limited-use Database
The Surveillance, Epidemiology and End Results (SEER) Program provides information from
population based tumor registries in the U.S. SEER collects and provides cancer incidence and
survival statistics for approximately 26% of the population.15 In addition, the SEER Program
releases data in electronic format called the SEER limited-use database based on a subset of
their registries. SEER data are frequently validated, ensuring the information reported is of
high quality. SEER’s standard for case ascertainment stands at 98%, and is “considered the
standard for quality among cancer registries around the world.”15 Information includes
demographic and tumor characteristics, as well as follow-up information from the date of
diagnosis.

In addition to information on cancer cases, the SEER Program also made available population
data sets (herein referred to as the SEER population database). These data are a modification
to the annual county population estimates produced by the Bureau of the Census.15 Estimates
are produced, down to the county level, by age group, sex, and race and ethnicity.

SEER-Medicare Linked Database
The Center for Medicare and Medicaid Services has linked SEER tumor registry data with
Medicare claims and census information to create the SEER-Medicare linked database. These
data contain information on individuals from the SEER Program who also appeared in
Medicare enrollment records. Among the SEER cases diagnosed with cancer at age 65 or older,
94% were identified—across cancer sites—in the Medicare enrollment records.

Medicare provides health insurance for about 97% of the population ages 65 and older in the
U.S.16 It provides benefits covering inpatient hospitalizations, skilled nursing facilities, and
home health and hospice care. These claims data will be used in our subsequent work, which
will derive an algorithm based on these claims to identify oral and pharyngeal cancer cases.

Medicare also collects information about beneficiaries.16 The SEER-Medicare linked data
containing individual demographic as well as tumor characteristics for the cancer cases from
SEER are in the Patient Entitlement and Diagnosis Summary File, or PEDSF. The PEDSF
includes patients in the SEER-Medicare linked database whose cancer diagnosis took place
from 1973 to 2002, though some registries were not included for all of these years.

Case Ascertainment
OP cancers were identified using the Site Recode variables. Values of 20010(10)20100 and 1
(1)10 in the SEER limited-use and SEER-Medicare linked databases, respectively, were
studied. These Site Recode values related to ICD-O-2 codes as shown in Table 1. We used
these variables to identify the OP cancers to be included in the numerators for the incidence
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rates from both the SEER limited-use and PEDSF files. We retained the first primary diagnosis
of OP cancer in both data sets of subjects that were at 65 years of age or older at diagnosis,
whose diagnosis occurred during the years 1992–2002 in the Connecticut, Hawaii, Iowa, New
Mexico, Utah, Detroit, San Francisco-Oakland, Atlanta, Seattle-Puget Sound, San Jose, Los
Angeles, or rural Georgia registries. There were a total of 19,593 subjects in the SEER limited-
use files and 18,313 in the PEDSF files that met these criteria.

Subgroup Measures
In addition to the overall completeness of the PEDSF, we compared completeness among
different demographic subgroups. These subgroups were limited in that only those subgroups
indicated in the SEER limited-use files, the SEER population files, and the PEDSF could be
assessed. These subgroups were age at diagnosis (65–69, 70–74, 75–79, 80–84, 85 and older;
population age group for the SEER population files), sex, and race and ethnicity (Hispanic,
non-Hispanic black, non-Hispanic white, and other).

Statistical Analysis
To evaluate the completeness of the SEER-Medicare linked database in measuring OP cancer
incidence among the U.S. population ages 65 and older, we compared incidence rates from
both the SEER limited-use and PEDSF files. The SEER population files were used as the
common denominator for these rates. The years 1992–2002 were used for this analysis. Poisson
regression was used to model these rates and compare the incidence rates with an incidence
rate ratio (IRR). The response variable was the count of cases, and the natural log of the
population count from the SEER population files was used as an offset variable. The model
was assessed for over- or under-dispersion, and the scale parameter was estimated using the
deviance parameter to model this dispersion parameter.17 Backwards elimination was used to
build a model from the set of candidate explanatory variables: data source; age group; sex; race
and ethnicity; year of diagnosis; and two-way interactions with data source. A global test of
all candidate explanatory variables simultaneously was conducted.18 Next, explanatory factors
with large p-values (p>0.05 for main effects and p>0.1 for interactions) from the F-tests were
removed from the model on a step-by-step basis. (The F-test was used instead of the chi-square
test because of the inclusion of the dispersion parameter.) The fit of the model was assessed
via the scaled Pearson chi-square test for lack of fit. Finally, one-sided, lower 95% confidence
intervals incorporating the dispersion parameter19 for the IRRs were generated. One-sided
intervals were used because, by nature of the data, only subjects included in the SEER limited-
use files could be included in the PEDSF (ie, the PEDSF is a subset of the SEER limited-use
files). Therefore, the maximum value for the IRR comparing these two groups was 1.00, so
the type I error for this interval was placed entirely on the lower bound. Prior to conducting
the analysis, we identified a rule for declaring equivalence between the incidence rates from
these two sources as the lower bound of the one-sided 95% confidence interval for the IRR
being greater than or equal to 0.9, indicating that nearly all of the OP cancer cases were present
in the PEDSF. IRRs for subgroup variables whose interaction terms with data source remained
in the model used this same 0.9 threshold with a Bonferroni correction for the lower 95%
confidence limits.

All data management and data analysis were conducted using SAS version 9.1. The Poisson
regression analysis was conducted using PROC GENMOD in SAS.

RESULTS
Crude OP cancer incidence rates (/100,000) from the SEER-Medicare linked database and the
SEER limited-use files were 39.7 and 42.4, respectively. The crude IRR (one-sided 95%
confidence interval) was 0.94 (0.89–1.00). Stratified by race and ethnicity groups, these rates
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were: 23.5, 34.5, 43.5, and 25.9 for Hispanic, non-Hispanic black, white and other subgroups
from SEER-Medicare, respectively; and in the SEER limited-use files these rates were 27.3,
38.4, 45.9, and 30.0, respectively. These findings are presented in Fig. 1.

The global test of no effect among all candidate explanatory variables was rejected (p<0.0001).
Backwards elimination produced a reduced model that contained main effects for data source
(SEER-Medicare linked versus SEER limited-use database), age group, sex, race and ethnicity,
and year of diagnosis (p<0.0001 in each case), plus a data-source-by-race and ethnicity
interaction term (p=0.066). All interaction terms removed by backwards elimination had
p>0.87. Significant over-dispersion was detected from these data, indicating that the standard
errors should be adjusted upwards by approximately 17% (ie, the scale parameter was estimated
to be 1.17 in the adjusted model). The scaled Pearson statistic failed to detect a lack of fit
(p=0.71) in this multivariable model that was adjusted for over-dispersion. Adjusted OP
incidence rate ratios (SEER-Medicare linked database versus SEER limited-use database) and
95% one-sided confidence intervals (adjusted using the Bonferroni correction) for the
Hispanic, non-Hispanic black, white, and other subgroups were 0.86 (0.74–1.00), 0.90 (0.79–
1.00), 0.95 (0.92–1.00), and 0.86 (0.76–1.00), respectively.

DISCUSSION
Our results indicated that over 90% of the incident OP cancer cases among those 65 years of
age and older could be identified through an algorithm using Medicare claims. The overall IRR
was above the pre-specified level of 0.9 to signify equivalence, but the lower bound of the one-
sided confidence interval fell slightly below this threshold (0.89–1.00); thus, we concluded
that Medicare claims may provide a means to study OP cancer cases among the elderly, but
will miss a significant portion of the cases. We found that this undercount was not evenly
distributed by race and ethnicity. The adjusted IRR was highest among the non-Hispanic whites
(0.95), and the lower bound of the confidence interval for this IRR was 0.92, which was above
our 0.9 equivalence threshold. In other words, approximately 95% of these cases in SEER
linked to Medicare, whereas only about 86–90% linked from other racial and ethnic groups
that were identified as cases by SEER. The reasons for this variation seem most likely
attributable to differences in Medicare coverage among these subgroups. These results also
demonstrated the completeness of the SEER Program in identifying cases even among those
lacking Medicare coverage—some likely having no insurance coverage at all—in individuals
ages 65 and older.

Conclusion
Though some cases of OP cancer among the U.S. population ages 65 and older would be missed,
the development of an algorithm to identify these individuals using only Medicare claims could
prove useful for future population-based research of OP cancer. Specifically, nearly the entire
population ages 65 years and older could be examined—including people from all of the rural
areas within the U.S. Further, the Medicare claims could also provide data with treatment
history and comorbidity information for this large, broadly generalizable population. This
could prove advantageous for future studies of OP cancer, which has more heavily burdened
rural communities.
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Figure 1. Comparison of crude incidence rates from SEER-Medicare linked database with SEER
limited-use database*
*Completeness of the SEER-Medicare linked database varied by race in the Poisson regression
model (p=0.066)
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Table 1

Relationship between ICD-O-2 values and Site Recode variables from SEER limited-use database (SEER) and
SEER-Medicare linked database (PEDSF)

Site Recode

Site ICD-O-2 Codes* SEER PEDSF

Buccal cavity and pharynx

 Lip C000:C009 20010 1

 Tongue C019:C029 20020 2

 Salivary gland C079:C089 20030 3

 Floor of mouth C040:C049 20040 4

 Gum and other mouth C030:C039,C050:C059, C060:C069 20050 5

 Nasopharynx C110:C119 20060 6

 Tonsil C090:C099 20070 7

 Oropharynx C100:C109 20080 8

 Hypopharynx C129,C130:C139 20090 9

 Other buccal cavity and pharynx C140,C142:C148 20100 10

*
Excluding types 9590:9989
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