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Abstract

Background: The University of North Carolina at Chapel Hill Lineberger Comprehensive Cancer Center has developed a novel data
resource, the Cancer Information and Population Health Resource (CIPHR), for conducting catchment area evaluation and cancer
population health research that links the North Carolina Central Cancer Registry (NCCCR) to medical and pharmacy claims data from
Medicare, Medicaid, and private plans operating within North Carolina. This study’s aim was to describe the CIPHR data and provide
examples of potential cohorts available in those data.

Methods: We present the underlying populations included in the NCCCR and claims data before linkage and demonstrate estimated
sample sizes when these data are linked and commonly used insurance enrollment criteria are applied.

Results: Data for the years 2003-2020 are present in CIPHR and include 947 977 cancer cases from the NCCCR and 21.6 million enroll-
ees in public and private health insurance (cancer and noncancer cases). When limited to first or only cancers (n =672 377), 86% could
be linked to insurance enrollment for at least 1 month during 2003-2020 (n =582 638), with 62% of individuals linking to enrollment
during the month of cancer diagnosis. Among all registry cancer cases, 47% (n =317 898) had continuous insurance enrollment for at
least 12 months before and after cancer diagnosis.

Conclusion: CIPHR illustrates the utility of establishing and maintaining a statewide, comprehensive cancer population health data-
base. This resource serves to characterize the cancer center catchment area and aids in tracking cancer outcomes and trends in care

delivery as well as identifying disparities that require intervention and policy focus.

The mission of National Cancer Institute Comprehensive Cancer
Centers includes providing its members with data resources that
enable innovative population science research and local community
assessment. By providing these resources, cancer centers can con-
duct research and inform outreach efforts that are relevant to the
center’s catchment area and that can improve the patient’s experi-
ence, from cancer prevention through end-of-life care. To achieve
maximum effectiveness, these resources must not only provide
high-quality and comprehensive data but also make available
trained personnel experienced in management and analysis of the
data as well as computing infrastructure to handle what are fre-
quently cumbersome data containing protected health information.

The University of North Carolina at Chapel Hill Lineberger
Comprehensive Cancer Center (LCCC) has developed a novel,
population-based data resource that links the North Carolina
Central Cancer Registry (NCCCR) to medical and pharmacy
claims data from Medicare, Medicaid, and private insurance
plans operating within North Carolina. These data have been
linked and maintained by the Cancer Information and

Population Health Resource (CIPHR; formerly known as the
Integrated Cancer Information and Surveillance System) (1), a
shared resource of the LCCC and a central component of its
Cancer Outcomes Research Program. The registry and claims
data have been further linked to contextual data from the US
Census, American Communities Survey, and other publicly avail-
able sources. CIPHR not only maintains and regularly updates
these data but also employs personnel skilled in data manage-
ment and statistical analysis; it also provides the accessible,
secure computing environment required to house the sensitive
data (2) and has a library of statistical code for data management
and variable construction that can be reused across projects. The
vision of CIPHR is to lead pioneering research that uses popula-
tion data, informatics, and methods to improve cancer outcomes
in North Carolina and across the United States.

CIPHR requires a substantial investment from LCCC. Funding
largely comes from state sources, with additional support from the
Cancer Center Support Grant (5-P30-CA016086). CIPHR operates as
a recharge facility, currently recovering approximately 40% of its
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annual operating budget by charging project and personnel sup-
port fees on a per-study basis. The vast majority of operating costs
come from personnel; CIPHR staff currently include 1 full-time
faculty director, 2 partially funded faculty members (20% full-time
equivalents), 1 project director, 4 master’s or PhD-level statistical
analysts, 1 data manager, and 2 data systems analysts.

In the United States, two of the more commonly used data
sources for cancer outcomes research are central cancer regis-
tries and health insurance claims. Every state in the United
States, along with several large metropolitan areas, operates cen-
tral cancer registries that collect basic demographic information,
tumor type and stage, initial course of treatment, and vital status
information on all cancer cases diagnosed within their catch-
ment areas (3,4). Health insurance claims add complementary
data on screening, comorbidities, treatment, and health-care
encounters (5,6). Linking these data sources results in a compre-
hensive view of an individual’s cancer care journey (7-10).
Research value is further enhanced by including neighborhood-
level sociodemographic data and local cancer care environment
information. This integration enables studies on guideline adher-
ence, health-care utilization, cost-effectiveness, survival, and
disparities in cancer outcomes across demographics. Insights
from this research can improve understanding of cancer out-
comes and inform better treatment strategies and policies.

The National Cancer Institute’s Surveillance, Epidemiology,
and End Results Program-Medicare (11,12) linked data are an
important resource for cancer outcomes and health services
research but includes only adults aged 65 years and older or indi-
viduals with certain disabilities. This limitation excludes younger
populations, affecting studies on cancers typically diagnosed at
younger ages, such as Hodgkin lymphoma. Focusing only on
those individuals older than 65 years of age insured by Medicare
also hampers the examination of disparities in cancer care.
Linking registry data with Medicaid and private insurance
increases sample size and diversity, enabling more comprehen-
sive research on the impact of age, race, ethnicity, and socioeco-
nomic factors on cancer outcomes.

Several states, such as Utah, Colorado, and Arkansas, have
demonstrated the feasibility of linking their all-payer claims
databases with their central cancer registries, and there are other
examples of linking cancer registries with multipayer claims
data (13-18). These linkages, however, often exclude either public
or private payors, cover limited time periods, lack regular
updates, restrict the age range, or are not readily accessible to
other researchers. CIPHR is relatively unique in that it links can-
cer cases in patients of all ages to public and private insurance
claims over a period of 18years, updating data annually, and
being available to the research community. CIPHR also includes
claims data for individuals without cancer, allowing for compari-
son groups and the examination of care patterns, including can-
cer screening in at-risk populations.

The purpose of this work was to describe the CIPHR data and
provide examples of potential cohorts available within CIPHR.
We present the underlying populations included in the NCCCR
and claims data before linkage and demonstrate estimated sam-
ple sizes when these data are linked and commonly used insur-
ance enrollment criteria are applied.

Methods
Data sources

The data presented include the NCCCR and insurance claims
from Medicare, Medicaid, and private insurance plans within

North Carolina. These data are linked using personal identifiers
contained within each source. Due to differing availability of
identifiers and requirements imposed by data use agreements
with each data partner, iterative, deterministic methods are used
to link individuals across the data sources. The linkage provides
the ability to follow patients with cancer across multiple insur-
ance providers as they gain or lose coverage over time. Our group
has previously described these linking methods in detail (19,20).
The years of available data are presented in Figure 1 and include
the years 2003-2019 for the NCCCR and 2003-2020 for the claims
data.

North Carolina Central Cancer Registry

The NCCCR is part of the State Center for Health Statistics within
the North Carolina Department of Health and Human Services.
The NCCCR collects data on all incident primary cancer diagno-
ses among residents of North Carolina and is a part of the
Centers for Disease Control and Prevention’s National Program of
Cancer Registries. The NCCCR is consistently both a National
Program of Cancer Registries Registry of Distinction and North
American Association of Central Cancer Registries Gold Certified.
These distinctions indicate “complete, timely, and quality data
available for cancer control activities (21).”

North Carolina Medicare

Approximately 15% of the North Carolina population was
enrolled in Medicare in 2019, with two-thirds of Medicare enroll-
ees in traditional fee-for-service Medicare and the remaining
enrolled in Medicare Advantage plans. In general, individuals are
eligible for Medicare if they are US citizens or legal residents,
aged 65years or older, or have qualifying disabilities. Medicare
data are obtained from the Centers for Medicare & Medicaid
Services (CMS) and include inpatient, outpatient, carrier, home
health, hospice, skilled nursing facility, durable medical equip-
ment, and pharmacy claims. For the years 2003-2020, these data
include Medicare parts A and B; Part C (Medicare Advantage)
data are included for the years 2015-19 (unlike fee-for-service
data, CMS releases data on a delay), and Part D data are included
for the years 2006-2020. For each of these benefits, CIPHR
includes claims and enrollment information for 100% of the
enrollees who reside within North Carolina, regardless of their
cancer status. In addition, the CIPHR data include Medicare
claims and enrollment information for North Carolina residents
with incident cancer diagnoses in the NCCCR who have moved
out of the state after their cancer diagnosis or who receive care in
another state.

North Carolina Medicaid

Approximately 18% of the North Carolina population was
enrolled in Medicaid in 2019. Eligibility criteria include being a
North Carolina and US citizen or legal resident, being low
income, or having qualifying health conditions. Similar to
Medicare, 100% of Medicaid enrollees residing in North Carolina
plus residents with a cancer diagnosis who have moved to or
seek care out of state are included in CIPHR. During the included
years North Carolina Medicaid operated largely as fee for service.
The data are also obtained from CMS and include inpatient, other
services (outpatient and physician services), long-term care, and
prescription drugs claims.

Private insurers

The private plan structures contained in the CIPHR data include
fee-for-service large group, small group, and individual plans.
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Figure 1. Years and sources of CIPHR cancer registry and health insurance claims data. CIPHR = Cancer Information and Population Health Resource;

NCCCR = North Carolina Central Cancer Registry.

The data are shared with the University of North Carolina under
longstanding partnerships between the data owners and the uni-
versity. Within North Carolina, 53% of the population is privately
insured, and the CIPHR data encompass the majority of the pri-
vate insurance market. Data holdings include inpatient, outpa-
tient, physician services, and pharmacy claims.

Study cohorts: cancer, insurance, and linked
cancer cohorts

We created several demonstration cohorts to describe the CIPHR
resource and illustrate several use cases for large linked cancer
data. We first specified minimally restricted cohorts, including
all individuals with data available in the NCCCR and in each
insurance payer, before linking these data sources or applying
any insurance enrollment criteria. For the cancer population, we
initially included all individuals with incident cancer diagnoses
between the years 2003 and 2019, with no restrictions on the
number of malignant tumors or reporting source. For the insured
population, we initially included all individuals enrolled for at
least 1 month in at least 1 of the insurers in any year between
2003 and 2020. After linking the cancer population to the insured
population, we presented multiple cohorts with varying lengths
of insurance enrollment. The final cohort, the continuously
enrolled cohort, includes individuals with incident cancer diag-
noses from the NCCCR who linked to claims and had 25 months
of continuous insurance enrollment around the date of cancer
diagnosis (12months before, the month of, and 12 months after
cancer diagnosis).

Analysis

We calculated annual enrollment for each insurer between 2003
and 2020, defining enrollment as the number of enrollees in
January of each year within each insurance type. It was possible
for individuals to be enrolled in more than 1 insurance type in a
given year and thus counted in multiple insurer cohorts in the
same year. After linking the NCCCR to insurance claims, we
determined available sample sizes for all cancers combined
within each insurance type and after applying varying lengths of
continuous enrollment. For the continuously enrolled cohort, we
also calculated sample sizes stratified by sex, age, and race and
ethnicity. We present total counts across all years for the 10
most common cancers within the NCCCR (not linked to claims),
along with the counts for the same cancers in the continuously
enrolled cohort.

This study was approved by the institutional review board of
the University of North Carolina at Chapel Hill (No. 10-1397).
CIPHR data are subject to extant agreements with a variety of
valued data partners and are thus not publicly available. Per the
terms of partner-specific data use agreement, the data are avail-
able to University of North Carolina-based researchers through a
governance process that includes University of North Carolina
institutional review board approval, submission of a project pro-
posal to each data partner, and payment of project fees. Data are
permanently stored and analyzed within a secure computing
environment at the University of North Carolina that can be
accessed remotely. Researchers external to the University of
North Carolina can collaborate with a university-based partner
on CIPHR projects and can lead such collaborative studies as well
as be authors on resulting manuscripts.

Results

Enrollment in all insurance payers increased from 2003 to 2020
(Figure 2), beginning with a total of approximately 3.5 million
enrollees in 2003 and rising to 5.5 million in 2020. Across all
years, the CIPHR insured population included 21.6 million indi-
viduals. The large increase in Medicare enrollees beginning in
2015 resulted from the addition of Medicare Advantage data.

For the years 2003-2019, the NCCCR includes a total of 947 977
malignant primary tumors. Hereafter, we define the eligible regis-
try cohort as including individuals with diagnosis of a first or only
primary tumor, not a diagnosis at autopsy or from death certifi-
cate, and with a date of diagnosis that includes at least month
and year (Figure 3) (n=672377).

Table 1 presents the counts of the eligible registry cohort that
linked to insurance claims for each payer individually and all 3
payers combined across varying lengths of continuous enroll-
ment. Of the 672377 individuals in the eligible population, 86.7%
could be linked to insurance enrollment for at least 1 month dur-
ing 2003-2020, with 62.1% of individuals linking to enrollment
during the month of cancer diagnosis. Median continuous insur-
ance coverage before diagnosis (independent of any enrollment
after diagnosis) was 43 months and after diagnosis (independent
of any enrollment before diagnosis) was 26 months. Among the
eligible registry cohort, 47% (n=317898) were retained in the
continuously enrolled cohort (individuals with continuous enroll-
ment of 25 months around the date of cancer diagnosis).

Table 2 presents the eligible registry cohort and continuously
enrolled cohort by sex, age group, race and ethnicity, and
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Figure 2. Annual insurance claims enrollment across Cancer Information and Population Health Resource data sources, 2003-2020.
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Figure 3. Selection diagram for the eligible registry and insured cohorts.

insurance type. Half of the eligible registry cohort were aged 65
years or older. In contrast, 75% of the continuously enrolled
cohort was 65 years of age or older, with Medicare, Medicaid, and
private insurance enrollees accounting for 80%, 20%, and 12% of
the cohort, respectively. The percentage enrolled do not sum to
100% because individuals could be enrolled in multiple payers
simultaneously or switch to another payer contained within
CIPHR during the 25 months. Representation of race and ethnic-
ity was generally similar between the eligible registry and contin-
uously enrolled cohorts, the exception being the representation
of Hispanic individuals. The proportion identifying as Hispanic
fell from 2% in the eligible registry cohort to 1% in the continu-
ously enrolled cohort.

Figure 4 displays the frequency of the top 10 incident cancers
present in the eligible registry cohort as well as the frequency in
the continuously enrolled cohort. Of the top 10 cancers, lung can-
cer had the highest proportion of cases, with continuous enroll-
ment at 60%, while endocrine (thyroid) cancers had the lowest
proportion, with continuous enrollment at 32%.

Discussion

In this article, we describe the composition and potential cohort
construction of the CIPHR shared resource at the LCCC. The link-
age of statewide cancer surveillance data with multipayer health
insurance claims creates a unique and flexible resource that
includes a wealth of information about cancer screening, diag-
nostic cascade, and patterns of care as well as a framework to
relate these exposures to cancer outcomes. These data can help
identify gaps in care, variation in treatment effectiveness, and
disparities in access to health care and in outcomes of care. With
this knowledge, targeted interventions can be implemented to
enhance care quality, reduce disparities, and improve patient
outcomes.

A key feature of CIPHR is the inclusion of unique personal
identifiers, enabling the ongoing linkage of the NCCCR to insur-
ance claims and other person-level data sources, such as elec-
tronic health records, epidemiological cohorts (20), and state
birth and death records (22). Further, geocoding of the locations
of residence at diagnosis, potential and actual sites of care, and
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Table 1. Eligible registry cohort (N =672 377) linked to insurance under varying enrollment criteria®

Any insurance

582638 (86.7)
417545 (62.1)

Ever enrolled at least 1 mo, No. (%)
Enrolled in month of cancer diag-
nosis, No. (%)

Private

176177 (26.2)
66876 (10.0)

Medicare
partA, B,orC

452886 (67.4)
304454 (45.3)

Medicare parts A, B,
or Cand D®

414689 (61.7)
233110 (34.7)

Medicaid

174306 (25.8)
108815 (16.2)

No. of months continuously 43 (15-86) 32 (11-66) 23 (2-68) 46 (20-88) 35 (15-64)
enrolled before cancer diagnosis,
median (IQR)

No. of months continuously 26 (8-64) 24 (10-51) 15 (4-44) 27 (7-65) 22 (6-51)
enrolled after cancer diagnosis,
median (IQR)

Continuously enrolled 12 mo after 394048 (58.6) 50702 (7.5) 97917 (14.6) 298430 (44.4) 221087 (32.9)
cancer diagnosis, No. (%)

Continuously enrolled 24 mo after 357033 (53.1) 37542 (5.6) 88436 (13.2) 276747 (41.2) 198977 (29.6)
cancer diagnosis, No. (%)

Continuously enrolled 12 mo 317898 (47.3) 38681 (5.8) 62614 (9.3) 254054 (37.8) 178611 (26.6)

before and after cancer diagno-
sis, No. (%)

a

Insurance type frequencies are not mutually exclusive because individuals may be covered by multiple payers. IQR = interquartile range.

® Only includes cancer diagnoses after inception of Medicare Part D (January 1, 2006).

Table 2. Characteristics of eligible registry cohort and continuously enrolled cohort at time of cancer diagnosis®

Continuously Medicare part A, B, Medicare parts A, B,
Registry, No. (%) enrolled, No. (%) Private, No. (%) Medicaid, No. (%) or C, No. (%) or C and D, No. (%)
(N=672377) (n=317898) (n=38681) (n=62614) (n=254054) (n=178611)°
Sex
Male 338139 (50.3) 159919 (50.3) 18905 (48.9) 25893 (41.4) 130059 (51.2) 87811 (49.2)
Female 334154 (49.7) 157939 (49.7) 19776 (51.1) 36721 (58.6) 123960 (48.8) 90771 (50.8)
Other or 84 (0.0) 40 (0.0) —< —° 35 (0.0) 29 (0.0)
unknown
Age,y
Birth to 14 5083 (0.8) 1141 (0.4) 311(0.8) 813(1.3) 16 (0.0) 13 (0.0)
15-39 36700 (5.5) 6558 (2.1) 3257 (8.4) 2924 (4.7) 723 (0.3) 600 (0.4)
40-64 297 543 (44.3) 72196 (22.7) 30987 (80.1) 24160 (38.6) 25794 (10.2) 19640 (11.0)
>65 333051 (49.5) 238003 (74.9) 4126 (10.7) 34717 (55.5) 227521 (89.6) 158358 (88.7)
Race or ethnicity
Hispanic 11793 (1.8) 2815 (0.9) 463 (1.2) 1125 (1.8) 1708 (0.7) 1234 (0.7)
Non-Hispanic 129787 (19.3) 59182 (18.6) 4367 (11.3) 25037 (40.0) 44560 (17.5) 32616 (18.3)
Black
Non-Hispanic 502426 (74.7) 244373 (76.9) 32319 (83.6) 33168 (52.9) 199106 (78.4) 138365 (77.5)
White
Other or 28371 (4.2) 11528 (3.6) 1532 (4.9) 3284 (5.2) 8680 (3.4) 6396 (3.6)
unknown

a

Insurance type frequencies are not mutually exclusive because individuals may be covered by multiple payers.

Includes only those cases diagnosed after inception of Medicare Part D (January 1, 2006).

c

other relevant resources has enabled a variety of geospatial anal-
yses, including distance to care and cancer cluster analysis, as
well as intersectional studies of racial and geographic disparities.
In addition, CIPHR data are merged with area-level data from
sources such as the American Community Survey and Behavioral
Risk Factor Surveillance System to provide comprehensive demo-
graphic, socioeconomic, health behavior, and environmental
context for locations within North Carolina.

An important recent addition to CIPHR has been Medicare
Advantage data. CMS began releasing these data starting with
enrollment year 2015. Nationally, Medicare Advantage enroll-
ment has been on the rise and is predicted to exceed 60% in the
next 5years (23). In the early years of the CIPHR data (ie, 2003),
Medicare Advantage accounted for less than 10% of Medicare
enrollees in North Carolina; this rate increased to 21% in 2013
and was at 55% in 2023. Without the Medicare Advantage data,
CIPHR and other registry-Medicare claims linkages would

Cell sizes <11 are suppressed to protect privacy and have been added to the “Female” category.

become progressively less relevant by missing an increasing pro-
portion of the Medicare population.

The CIPHR resource now includes almost 20 years of data and
offers the opportunity for construction of large cohorts for com-
mon cancers. Although sample sizes available for less common
cancers, treatments, and outcomes; pediatric populations; or
research questions limited to just a few years may be smaller, a
population-based data source is still likely to provide a more sub-
stantive and representative sample for such questions compared
with institutional data or secondary analyses of clinical trial
data. Because of the growing time span represented, the data are
ideal for examining cancer incidence, mortality and care trends
over the contemporary period of cancer care. Recent proposed
changes to CMS’ data sharing and use policies (24) will severely
limit the ability of trusted data stewards to carry on important
cancer research and care monitoring efforts such as those
enabled within CIPHR. It is therefore important for policymakers
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Figure 4. Frequency of the top 10 incident cancers in the eligible registry cohort and continuously enrolled cohort: cancer cases diagnosed between

2004 and 2019, insurance claims between 2003 and 2020.

and administrators to fully understand the uniquely valuable
information such linkages provide to improve health and health-
care delivery and the considerable losses to public health associ-
ated with limiting research data access.

As with any large data linkage, CIPHR data have limitations
and patterns that must be appreciated for optimal use. Given
that CIPHR includes 100% of the Medicare and Medicaid popula-
tion and only a portion of the private insurance market within
North Carolina and that most cancers are diseases of aging,
linked cohorts tend to skew toward the Medicare or Medicare-
Medicaid dually enrolled populations, resulting in a cohort less
representative of younger people with cancer, unless deliberately
age restricted. The CIPHR linkage still provides a unique opportu-
nity to investigate younger populations than available in
Medicare-only linkages, however, and has the ability to validate
registry data or claims-based algorithms in populations other
than Medicare enrollees.

The CIPHR resource is made possible by significant, continued
investment from the LCCC. This investment not only provides for
the initial data acquisition and regular updates but also informa-
tion technology infrastructure for securely storing the data, staff
for managing and analyzing the data, and a faculty leadership
team for oversight and guidance of projects using the data
resource as well as center-based training opportunities for inves-
tigators. Use of CIPHR has grown over time, and the resource is
recognized as a high-value component of the LCCC, providing an
important resource for cancer outcomes and health services
researchers. More than 50 scientific publications (25) have
resulted from the CIPHR data directly, and CIPHR programming
and analytic staff have contributed to another 65 publications
that have wused other data sources (eg, Surveillance,
Epidemiology, and End Results Program-Medicare) (26). CIPHR
illustrates the utility of establishing and maintaining a statewide,
comprehensive cancer population health database. This resource
characterizes the cancer center catchment area and aids in
tracking cancer outcomes and trends in care delivery as well as
identifying disparities that require intervention and policy focus.
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