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Abstract

PURPOSE—L.inkage of cancer registry data with complementary data sources can be an
informative way to expand what is known about patients and their treatment and improve delivery
of care. The purpose of this study was to explore whether patient smoking status and smoking-
cessation modalities data in the Kentucky Cancer Registry (KCR) could be augmented by linkage
with health claims data.

METHODS—The KCR conducted a data linkage with health claims data from Medicare,
Medicaid, state employee insurance, Humana, and Anthem. Smoking status was defined as
documentation of personal history of tobacco use (International Classification of Diseases, Ninth
Revision [ICD-9] code V15.82) or tobacco use disorder (ICD-9 305.1) before and after a cancer
diagnosis. Use of smoking-cessation treatments before and after the cancer diagnosis was defined
as documentation of smoking-cessation counseling (Healthcare Common Procedure Coding
System codes 99406, 99407, G0375, and G0376) or pharmacotherapy (eg, nicotine replacement
therapy, bupropion, varenicline).

RESULTS—From 2007 to 2011, among 23,703 patients in the KCR, we discerned a valid
prediagnosis smoking status for 78%. KCR data only (72%), claims data only (6%), and a
combination of both data sources (22%) were used to determine valid smoking status.
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Approximately 4% of patients with cancer identified as smokers (n = 11,968) and were provided
smoking-cessation counseling, and 3% were prescribed pharmacotherapy for smoking cessation.

CONCLUSION—Augmenting KCR data with medical claims data increased capture of smoking
status and use of smoking-cessation modalities. Cancer registries interested in exploring smoking

status to influence treatment and research activities could consider a similar approach, particularly
if their registry does not capture smoking status for a majority of patients.

INTRODUCTION

Linkage of cancer registry data with complementary data sources can be an informative way
to expand what is known about patients and their treatment, and aid improving delivery of
care.1=5 A report from the Institute of Medicine® recommended greater focus on linking data
between registry and administrative data to broaden relevant measures for study. Cancer
registries typically contain useful data on cancer severity, histology, and diagnosis, but often
lack complete information on individual patient treatment, outcomes, and/or risk factors.
Medical claims—based data can add detailed information about the costs and use of medical
services. Linkage between multiple complementary data sources can make it possible to
explore new questions in large population-based patient samples, including relevant health
care disparities. One example of a measure not typically captured by US cancer registries is
smoking history. Some studies have explored the use of hospital records to identify smoking
history of patients with cancer.”8

Documenting smoking status at the time of a cancer diagnosis is important for helping
patients with cancer who smoke quit, by assessing risks of multiple cancers and developing
treatment and survivor care plans; and the availability of smoking status could further inform
the investigation and/or evaluation of such, as has been demonstrated in a number of
registries outside the United States.8-11 Collection of smoking history for patients in cancer
registries in the United States is nonstandardized, thus preventing large population-based
studies from assessing the role of smoking on cancer treatment and outcomes. Cigarette
smoking is harmful for people previously diagnosed with cancers,12-15 and continued
smoking negatively affects cancer treatment.16-19 Tobacco cessation treatments can be
effective among smokers with cancer.20-22 Numerous methods are available to assist
smokers with quitting, including counseling, pharmacotherapy, and nicotine replacement
therapy (NRT). There is a lack of research on specific smoking-cessation modalities used
among cancer survivors.23

The Kentucky Cancer Registry (KCR) conducted a data linkage to augment its cancer
registry data with health claims data, such as that from Medicare, Medicaid, state employee
insurance, and private insurance group claims. The intent was to improve the quality of the
registry data and inform cancer care and outcomes research, while also providing an
empirical basis to assess adherence to evidence-based quality-of-care measures and to
compare patterns of care between Appalachian and non-Appalachian Kentucky populations.
The purpose of this study was to explore whether patient smoking status and smoking-
cessation modalities could be identified using the KCR augmented by linkage with health
claims data.
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METHODS

Data Sources

The KCR includes first, primary, invasive cancer diagnoses from 2007 to 2011. Cancers
included lung and bronchus, colorectal, pancreatic, breast, ovary, and prostate, in accordance
with SEER site recodes.24 Patients in the registry captured through autopsy or death
certificate only were excluded. Health claims data for patients with continuous enrollment
coverage for 12 months before and 12 months after diagnosis included Medicare (SEER-
Medicare, 2000 to 2012), Medicaid (Kentucky Family Health Service, 2000 to 2015), and
private insurance groups (2006 to 2015).

Data Linkage

The linkage of SEER-Medicare data is a collaborative effort of the National Cancer Institute,
the SEER registries, and the Centers for Medicare and Medicaid Services??; data for this
study were obtained subsequent to linkage. Probabilistic data linkage was then performed
using Link*Plus26 to identify additional matches between the KCR and claims from
Medicaid, state employee insurance, and private insurance groups. Linkage varied slightly
depending on specific requirements and data use agreements. The direct method of
probabilistic linkage was applied using blocking variables (social security number, birthdate,
first name, middle name, last name) and matching variables (social security number,
birthdate, first name, middle name, last name, sex) to calculate the /m probability and ¢
probability.2” A minimum linkage value (ie, score indicating, for any pair of records, how
likely it is that they both refer to the same person) of five or higher was considered a match.
All potential matches were manually reviewed to verify true matches. Approximately 81.2%
of cancer cases were linked with at least one claim.

Smoking Status

Smoking history was examined during three periods before and after a cancer diagnosis: 36
months before a cancer diagnosis, 12 months before a cancer diagnosis, and from 12 months
before to 12 months after a cancer diagnosis. These periods were selected for comparison
because of the likelihood of smoking behaviors before and after a cancer diagnosis,1°19.22.23
and also as a means to verify the sensitivity to which differences may exist during these
periods when using claims data to classify smoking and smoking-cessation history. Patients
were classified with a history of smoking before the cancer diagnosis if documentation of
personal history of tobacco use (International Classification of Diseases, Ninth Revision
[ICD-9] code V15.82) or tobacco use disorder (ICD-9 305.1) was identified in linked
records. Patients were classified with use of smoking-cessation treatments before and after
the cancer diagnosis if documentation of smoking-cessation counseling (Healthcare
Common Procedure Coding System codes 99406, 99407, G0375, and G0376) or
pharmacotherapy (ie, NRT, bupropion, varenicline) was identified in linked records for the
12 months before or 12 months after diagnosis (or during the month of diagnosis) among
patients classified as smokers.
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Demographic Characteristics

We compared demographic characteristics among all patients by smoking status.
Demographics assessed included sex, age (< 25, 25 to 44, 45 to 64, = 65 years); marital
status (married [married or living with partner], previously married [separated, divorced,
widowed], never married, unknown); race/ethnicity (white non-Hispanic, black non-
Hispanic, other [Asian, American Indian, Alaskan Native, multiple race, Hispanic {any
race}]); education (percentage with high school education at county level, categorized by
quartiles: very low, low, moderate, high); poverty (percentage below poverty line at county
level, categorized by quartiles: low, moderate, high, very high); and health care insurance
status (uninsured, private, Medicaid, Medicare, other public, unknown). In the United States,
typically the elderly are covered by Medicare, low-income individuals are covered by
Medicaid, most other people rely on their employer to provide health insurance, and a small
number pay for their health care privately. Many others do not have any health care
insurance. We also compared Appalachian status (ie, included or not included based on
Appalachian Region Commission, https://www.arc.gov/appalachian_region/
CountiesinAppalachia.asp). The Appalachian region of the eastern United States (including
Kentucky) is home to more than 25 million people in mostly isolated mountainous areas,
many of whom experience problems of rural poverty, and inadequate jobs, services,
transportation, education, and infrastructure.

Statistical Analysis

RESULTS

The prevalence of smoking status (yes, no, unknown) was estimated for the KCR, medical
claims, and combined linkage dataset; the prevalence of pre- and postdiagnosis smoking
cessation was estimated for medical claims. We estimated the percent contribution of
smoking status to the overall combined linkage for each data source (ie, KCR only, medical
claims only, both KCR and medical claims, or neither). XZ test statistics were calculated
with a threshold of P <.05 used as a measure of significant difference across relevant strata
for patients with cancer with a valid smoking status. All analyses were completed using SAS
Enterprise Guide, version 9.4 (SAS Institute, Cary, NC).

From 2007 to 2011, 23,703 patients were identified in the KCR along with the cancer sites.
A history of smoking varied only slightly by period of assessment: 3 years before cancer
diagnosis (53%), 1 year before cancer diagnosis (50%), or from 1 year before to 1 year after
cancer diagnosis (55%) (Table 1). The contribution of claims data identifying smoking
history was highest for 1 year before to 1 year after cancer diagnosis (40%). A history of
smoking also varied by cancer type, with the highest prevalence observed among tobacco-
associated cancers (ie, lung, pancreas, and colorectal).

Using the period 1 year before cancer diagnosis, we were able to discern a valid precancer
diagnosis smoking status for 77% of patients (50% yes; 27% no). Smoking status was
unknown for 22% of patients. Smoking status was identified for 18,388 patients in this
population using KCR data only (72%), a combination of both data sources (22%), and
claims data only (6%; Fig 1).
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A history of smoking in the 12 months before a cancer diagnosis differed significantly by
sex, age, marital status, race/ethnicity, education status, poverty level, Appalachian status,
and insurance status. Smoking was more common among persons who were male (74%),
aged 45 to 64 years (70%), previously married (65%), non-Hispanic black (69%), very low
education (67%), of low (66%) or very high poverty (67%), of Appalachian status (66%), or
who had Medicaid (79%) or unknown (83%) insurance (Table 2).

Smoking-cessation counseling and pharmacotherapy were noted in claims data before and
after a primary cancer diagnosis among patients with cancer who were smokers (Table 3).
Approximately 4% of patients with cancer identified as precancer diagnosis smokers (n =
11,968) were provided smoking-cessation counseling and 3% were prescribed cessation
medications.

DISCUSSION

Augmenting the KCR with Medicare, Medicaid, and private insurance group claims data
resulted in more fully capturing smoking status and use of smoking-cessation modalities
within a population-based cancer registry for multiple types of cancers. Overall, smoking
status was captured during the year before a cancer diagnosis for 77% of patients after
linkage of the KCR and medical claims data; and each individual source of data contributed
significantly. The linkage of the KCR with medical claims data yielded smoking status
information for an additional 6% (n = 1,116 of 18,388) of the patient population. Although
the linkage in this population ultimately may have resulted in the addition of smoking status
data for a little more than 1,000 patients with cancer, claims data positively identified
smoking status for a much higher percentage depending on the period of assessment. Thus,
in a registry where smoking status is not collected or collected minimally, the potential
linkage addition of valid patient smoking-status potential linkage addition of valid patient
smoking-status information for the population could be significant. Therefore, linkage with
claims data may be a useful resource for registries to obtain smoking status information.

This study demonstrated that a linkage between a population-based cancer registry and
medical claims data successfully resulted in more fully capturing patient information related
to prediagnosis smoking status and documentation of smoking-cessation counseling and
medication. Precancer diagnosis smoking status in this patient population (50%) was higher
than what has been observed in the general Kentucky population?® but was consistent with
estimates for prediagnosis smoking among patients with cancer.”-2%30 We would also expect
a higher percentage of the population diagnosed with cancers, specifically cancers causally
linked with smoking (ie, lung, colorectal, pancreas), to be current or former smokers.23:31
The percentage of patients (documented as smokers before cancer diagnosis) whose medical
claims show provision of smoking-cessation counseling or pharmacotherapy may be an
underrepresentation of patients who used cessation treatments (eg, not all providers will
submit claims for provision of counseling services, NRT is also available over the counter).
We were unable to determine the total percentage of patients who made an attempt to quit
smoking, because the majority of cessation attempts are unassisted (ie, no counseling or
pharmacotherapy) and thus not captured in medical claims.32 However, assuming
approximately one-half of documented smokers in this patient population (11,921 x 0.50 =
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5,961) made a recent attempt to quit (consistent with recent research on quit attempts
made33), the estimated use of smoking-cessation counseling (n = 427 of 5,961; 7.2%) is not
significantly different from recent national self-reported estimates (7%).33 However, the
estimated use of smoking-cessation pharmacology in this population (n = 358 of 5,961; 6%)
is considerably lower than reported for adult smokers during 2015, as reported by Babb et al
(29%).33

Despite the stated limitations, the low rate of smoking-cessation counseling and NRT use
among persons diagnosed with cancer in this population is noteworthy. A previous study
determined that even after a cancer diagnosis, approximately one in eight cancer survivors
continued to smoke.34 Continued smoking after a cancer diagnosis is associated with
adverse health outcomes, including a higher risk of death, negative effects on cancer
treatment, and increased risk of another cancer. However, all cancer survivors may not be
aware of how continued smoking after a cancer diagnosis negatively affects their health. All
smokers should receive advice to quit smoking by a health professional, but approximately
one-third do not.34 Health professionals could consistently advise cancer survivors about the
increased risks associated with continued smoking, provide them with cessation counseling
and medications, refer them to other free cessation resources, and inform them of cessation
treatments covered by their health insurance. To increase cessation pharmacology use in the
population of patients with cancer, state tobacco-control programs as well as hospitals,
clinics, and quitlines could partner with cancer treatment centers to build and implement
sustainable tobacco-cessation treatment programs to routinely address tobacco cessation
with patients with cancer.

Linking relevant complementary data sources can expand availability and utility of data
variables that can add additional context to investigations and evaluations of populations of
patients with cancer. A few population-based registries in the United States’+3%:36 and
outside the United States®11 have used patient medical records to more fully capture
patients’ smoking status. Using this approach, information about smoking was captured for
between 43% and 92% of patients.”~9:11.38 Routinely abstracting information on smoking
status from electronic medical records (EMRs) can be useful, even if the data are not
complete.8 However, depending on the EMR, this can require extensive time and effort. Our
goal was to develop a sustainable Kentucky Cancer Quality Outcome Research Data System
that would contain a range of contextual data variables while minimizing the amount of
labor needed to capture additional patient information.3’ Direct linkage of the KCR to
Medicare, Medicaid, and private insurance group claims data resulted in augmentation of
smoking-status information. However, the usefulness of this procedure to a particular
registry or population will likely vary depending on existing efforts to capture this
information, such as use of EMRSs.

Linking to additional patient risk-factor data existing in medical claims is in line with
priorities established by the Institute of Medicine for comparative effectiveness research38
aimed at assisting consumers, clinicians, purchasers, and policy makers to make informed
decisions to improve individual and population health. The Centers for Disease Control and
Prevention established 10 specialized registries within the National Program of Cancer
Registries to expand data collection to include additional data variables, such as smoking
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status, for all cancers.3? Linkages were performed to enhance registry data with census data,
National Death Index files, hospital discharge data, and each state’s breast and cervical
early-detection programs, resulting in the capture of cigarette-smoking information for
approximately 66% of patients during 2011 and 51% between 2011 and 2013.35:39
Continued expansion of state and national registry data beyond typical measures (eg, stage,
histology, diagnosis) to include more patient-centered information has the potential to
influence a variety of treatment and research activities.

The use of medical claims records to identify smoking history and receipt of smoking-
cessation treatment has limitations. Although the use of ICD-9 tobacco-use codes is a
reliable method for identifying smoking status,*? the absence of an ICD-9 code does not
indicate a lack of smoking. It is also possible that although a patient is listed as a smoker,
they may have quit since their smoking status was last documented. In this study, we were
unable to differentiate the type of tobacco used, although a previous study examining
population-based cancer registries, using enhanced data collection to ascertain tobacco use,
34 showed that only a small percentage of people (2%) used nonsmoked tobacco products,
and it has been estimated nationally that approximately 3.5% of adults use these products
regularly.#! The existence of relevant codes for smoking-cessation counseling and
pharmacology may not accurately reflect whether a registry patient actually adhered to such
treatment or filled the prescription.#2 Furthermore, it is possible that not all prescription
medication use is accurately reflected in pharmacy claims data,*344 as a result of filling
prescriptions through various benefit programs (eg, dual eligibility, spousal benefits).42:44
Finally, medical claims used to approximate receipt of smoking-cessation treatment are
limited to physician-provided or -prescribed counseling and/or pharmacology, and does not
include free NRT received from state quitlines, prescription samples obtained from
physicians’ offices,*2 or some of the most common methods used to stop smoking (eg,
unassisted, nonprescribed, or nonreimbursed over-the-counter smoking-cessation aids).32

Documentation of smoking status history at the time of a cancer diagnosis is important for
helping patients with cancer who smoke quit, by assessing future risks of multiple cancers
and for developing treatment and survivor care plans. Augmenting the KCR through linkage
with medical claims data resulted in more fully capturing smoking status and use of
smoking-cessation medications and counseling within a population-based cancer population.
Tobacco-control programs may be able to leverage these data to implement tobacco-
cessation programs to prevent tobacco use, promote cessation,*® identify and address
disparities related to tobacco use and cancer outcomes among different population groups.
Cancer registries considering expanding available measures beyond cancer stage, histology,
and diagnosis to inform treatment and research activities could consider a similar approach.
In addition to being used to track smoking status and receipt of smoking-cessation
treatments, medical claims data may be a critical data source for identifying other modifiable
risk factors within cancer populations.
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CONTEXT
Key Objective

How can cancer registry data be linked with health claims data to increase what is known
about patient smoking status and smoking cessation?

K nowledge Generated

Smoking status and smoking cessation were captured in 22% of health claims data.
Smoking cessation was present for less than 5% of patients after cancer diagnosis.

Relevance

Cancer registries that do not capture smoking status could use claims data to identify
what is known about these behaviors. Health professionals should consistently advise
patients with cancer about the increased risks associated with continued smoking, provide
them with cessation counseling and medications, refer them to other free cessation
resources, and inform them of cessation treatments covered by their health insurance.
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FIG 1.
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Page 12

Kentucky Cancer Registry (KCR) and medical claims contribution to smoking status capture

for the 12 months before cancer diagnosis.
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Smoking History and Demographic Characteristics for Patient Population (n = 18,388)

TABLE 2.

Smoking History*

No Yes
Characteristic No. % No. % pt
Overall 6,467 352 11,921 648
Sex <.001
Male 2,347 260 6,695 74.0
Female 4,120 441 5226 559
Age, years <.001
<25 15 75.0 5 25.0
25-44 183  46.4 211 53.6
45-64 1,336 298 3,148 70.2
265 4933 36.6 8557 634
Marital status <.01
Married 3,785 358 6,790 64.2
Previously married 2,051 349 3828 651
Never married 500 381 814 61.9
Unknown 131 211 489 78.9
Race/ethnicity 0.02
White, non-Hispanic 5,952 354 10,859 64.6
Black, non-Hispanic 352 315 764 68.5
Hispanic 27 458 32 54.2
Other 136 338 266 66.2
Education? < .001%
Very low 1,485 327 3,060 673
Low 1616 36.0 2876 64.0
Moderate 2520 349 4,700 651
High 846 39.7 1,285 60.3
Poverty” <.001%
Low 1538 33.6 3040 66.4
Moderate 1764 348 3,305 65.2
High 1,701 391 2,650 60.9
Very high 1,464 333 2926 66.7
Appalachian status <.01
Appalachian 1,813 337 3561 66.3
Non-Appalachian 4654 358 8360 642
Insurance <.001
Not insured 15 27.8 39 72.2
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Smoking History*

No Yes

Characteristic No. % No. % pt

Private 1,345 428 1,799 572
Medicaid 212 211 793 78.9
Medicare 4,823 349 8981 651
Other public 34 22.2 119 77.8
Unknown 38 16.9 187 83.1

Page 16

*
Personal history of tobacco use (International Classification of Diseases, Ninth Revision [ICD-9] code V15.82) or tobacco use disorder (ICD-9

305.1) identified in linked records for the 12 months before the cancer diagnosis.

"2 test,

’tPercentage with high school education at county level, categorized by listed quartiles.

§Percentage below poverty line at county level, categorized by listed quartiles.

”Pvalue for linear trend was not statistically significant.
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