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Abstract

Background: Population-based cancer registries collect information on first course of treatment 

that may be utilized in research on cancer care quality, yet few studies have investigated the 

validity of this information. We examined the accuracy and completeness of registry-based 

treatment information in a cohort of adolescent and young adult women.

Methods: Women diagnosed with breast cancer, lymphoma, thyroid cancer, cervical/uterine 

cancer or ovarian cancer at ages 15-39 during 2003-2014 were identified using data from the 

North Carolina Central Cancer Registry (CCR) (N=2,342). CCR data were linked to Medicaid and 

private insurance claims data, and claims were reviewed for the 12 months following diagnosis to 

identify cancer treatments received. Using claims data as the gold standard, we calculated the 

sensitivity and positive predictive value (PPV) of CCR data for receipt of chemotherapy, radiation 

and hormone therapy. We also compared dates of treatment initiation between the two data 

sources.
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Results: For all cancer types combined, the sensitivity of the CCR data was high for 

chemotherapy (86%) and moderate for radiation (74%). PPVs were 82% and 83% for 

chemotherapy and radiation, respectively. Both the sensitivity (67%) and PPV (70%) were lower 

for hormone therapy for breast cancer. For all three treatment types, dates of initiation in the 

registry and the claims differed by ≤30 days for most women.

Conclusions: In this cohort of young women, population-based cancer registry data on 

chemotherapy receipt was reasonably accurate and complete in comparison with insurance claims. 

Radiation and hormone therapy appeared to be less complete.
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Introduction

Population-based cancer registries are the primary source of cancer incidence and survival 

statistics in the United States. However, cancer registries also collect information on initial 

treatment for newly diagnosed cases, and may therefore serve as an important resource for 

examining cancer care quality, trends in treatment utilization, and disparities in therapy 

receipt, with implications for efforts to improve outcomes among cancer patients and 

survivors. Studies utilizing registry-based treatment information for these objectives rely on 

the assumption that this information is complete and accurate. Yet limited research to date 

has evaluated the quality of registry-based treatment information in comparison with other 

data sources such as insurance claims.

Using Medicare claims as the gold standard, a prior report examined the accuracy and 

completeness of first course of treatment data from the Surveillance, Epidemiology, and End 

Results (SEER) program, a system of population-based cancer registries across the U.S, 

among patients aged 65 and older diagnosed with one of several cancer types from 2000 to 

2006. They reported that the validity of SEER data was moderate, with sensitivities of 68%, 

80%, and 69% for chemotherapy, radiation, and hormone therapy, respectively, and 

concluded that treatment data from SEER registries should not generally be used for 

estimating the proportion of individuals treated with these therapies.[1] However, the 

validity of cancer treatment data from non-SEER registries has seldom been examined, and 

prior studies have often been limited to breast or prostate cancer.[2–4] Furthermore, to our 

knowledge, no study has focused on treatment data quality among younger patients who are 

not generally enrolled in Medicare.

The objective of this study was to assess the validity of first course of treatment information 

from the North Carolina Central Cancer Registry among adolescent and young adult (AYA, 

age 15-39 years) women diagnosed with lymphoma, breast cancer, thyroid cancer, or 

gynecologic cancers, using Medicaid and private insurance claims as the gold standard.
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Methods

Data source and study sample

As part of an ongoing study of reproductive outcomes among female AYA cancer survivors, 

we identified women diagnosed with cancer in North Carolina between 2003 and 2014. Data 

came from the University of North Carolina Cancer Information and Population Health 

Resource (CIPHR), which links records from the North Carolina Central Cancer Registry 

(CCR) to administrative and claims data (through 2015) from private health insurance plans 

and Medicaid.[5]. The CCR has met the Gold Standard for Registry Certification from the 

North American Association of Central Cancer Registries (NAACCR) each year since 2008. 

Either Gold or Silver Certification was achieved each year for 2003-2007. NAACCR 

certification levels reflect the completeness, accuracy, and timeliness of registry data needed 

to calculate standard incidence statistics; the certification criteria do not address the accuracy 

or completeness of cancer treatment information (https://www.naaccr.org/certification-

criteria/).

Women included in these analyses were diagnosed with a first primary Hodgkin lymphoma, 

non-Hodgkin lymphoma, breast cancer, thyroid cancer, ovarian cancer or cervical/uterine 

cancers at ages 15-39 during 2003-2014. Among 9,247 total cases identified in the CCR, we 

excluded those without Medicaid or private insurance at diagnosis (N=6,179). We further 

excluded those who were not continuously enrolled in insurance for at least one year 

following their cancer diagnosis (N=726), leaving 2,342 cases for analysis. Patient and 

tumor characteristics, including cancer type, age at diagnosis, date of diagnosis, SEER 

summary stage, (local, regional, distant, unstaged, unknown), and estrogen receptor status 

(breast cancer only: positive, negative, borderline) were determined using CCR data. Cancer 

types were categorized using an AYA-specific recode of International Classification of 

Diseases for Oncology 3rd Edition (ICD-O-3) primary site and histology codes.[6] Ovarian 

cancer was defined as germ cell and trophoblastic neoplasms of the gonads and carcinomas 

of the gonads.

Treatment information

We considered insurance claims data to be the gold standard on the assumption that 

treatment information in the claims is likely to be highly complete and accurate, given the 

low likelihood that insured patients would pay for cancer treatments out of pocket, or that 

medical facilities would charge insurers for services not performed. Medicaid and private 

insurance claims data were reviewed for the 12 months following cancer diagnosis. Codes 

from the International Classification of Diseases, Ninth Revision (ICD-9), Healthcare 

Common Procedure Coding System (HCPCS), Common Procedural Terminology (CPT), 

National Drug Codes (NDCs), and hospital revenue codes were used to identify cancer 

treatments in the claims data. The codes used to define treatment types (chemotherapy, 

radiation, hormone therapy) (Supplemental Table 1) were generated using lists from the 

Cancer Research Network published on the National Cancer Institute’s website,[7] the 

report comparing SEER treatment information to Medicare claims,[1] clinical expertise, and 

collaborator input. Individuals were considered to have received chemotherapy, radiation, or 

Anderson et al. Page 3

Cancer Epidemiol. Author manuscript; available in PMC 2021 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.naaccr.org/certification-criteria/
https://www.naaccr.org/certification-criteria/


hormone therapy according to the claims data if at least one claim within the 12-months 

after diagnosis included a code for that treatment type.

The CCR collects information on first course of treatment, including chemotherapy, 

radiation, and hormone therapy, as well as dates of initiation of each of these therapies. The 

first course of treatment includes all methods recorded in the treatment plan and 

administered to the patient prior to disease progression or recurrence.[8] There is no defined 

interval for the collection of this information; first course of treatment is updated as it 

becomes available. For our analyses, CCR treatment information for each treatment type 

was categorized as received, not received, or missing/unknown.

Calculation

Using Medicaid and private insurance claims data as the gold standard, we calculated the 

sensitivity and positive predictive value (PPV) of chemotherapy, radiation, and hormone 

therapy information from the CCR. The sensitivity was used as a measure of completeness, 

and the PPV was used as a measure of accuracy. We also calculated the kappa coefficient 

and the percent agreement to assess concordance between the claims and CCR data. Kappa 

values were interpreted as follows: 0.0-0.20 as no agreement, 0.21-0.39 as minimal 

agreement, 0.40-0.59 as weak agreement, 0.60-0.79 as moderate agreement, 0.80-0.90 as 

strong agreement, and >0.90 as almost perfect agreement.[9] Because there is no defined 

interval for collection of treatment information by the registry, we considered both a 12-

month and a 6-month postdiagnosis claims window (based on date of service in the claims) 

for comparison with CCR treatment data. Those with missing or unknown information for 

chemotherapy (2%), radiation (3%), or hormone therapy (5%) in the CCR were excluded 

from analyses for that treatment type. Comparisons of hormone therapy data were restricted 

to women diagnosed with breast cancer. Women with thyroid cancer were excluded from 

analyses of chemotherapy receipt, and those with ovarian cancer were excluded from 

analyses of radiation receipt, as few women with these cancer types were expected to have 

received these therapies. Stratified analyses were conducted according to cancer type, age at 

diagnosis, summary stage, year of diagnosis, and insurance type within the first 12 months 

after diagnosis.

To assess whether dates of treatment initiation were similar between the two data sources, 

we calculated the difference in days between the date recorded in the CCR and the date of 

service from the first claim. Those with dates that differed by more than 1 year between the 

two sources (N=2 for chemotherapy, N=2 for hormone therapy) were excluded from 

analyses comparing dates of treatment initiation.

Results

A total of 2,342 AYA women with cancer met the inclusion criteria and were included in 

these analyses. The most common cancer types were breast cancer (40%) and thyroid cancer 

(28%) (Table 1). The majority of women were diagnosed between the ages of 30 and 39 

years (74%) with localized stage disease (52%), and had private insurance only (66%).
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Using a 12-month postdiagnosis claims window, the sensitivity and PPV of the CCR data for 

chemotherapy were 86.4% and 81.9%, respectively, for all cancer types combined (Table 2). 

The kappa statistic (48.8%) and percent agreement (78.0%) indicated weak to moderate 

overall concordance between chemotherapy recorded in the claims data and in the CCR data. 

Across cancer types, the sensitivity ranged from 51.5% among women with cervical/uterine 

cancers to 96.5% among those with Hodgkin lymphoma, while the PPV ranged from 77.8% 

among women with cervical/uterine cancers to 82.6% among those with breast cancer. Little 

variation in sensitivity and PPV was observed according to age at diagnosis or type of 

insurance, but both measures were lower among women with localized disease than among 

those with regional or distant stage disease. No clear patterns were observed according to 

year of diagnosis, though sensitivity was >80% for all diagnosis year categories. Values of 

sensitivity tended to be slightly higher, and values of PPV were generally lower, when a 6-

month postdiagnosis claims window was used (Supplemental Table 2).

The sensitivity of the CCR data for radiation receipt was 74.4% for all cancer types 

combined using a 12-month claims window, and ranged from 61.9% among women with 

Hodgkin lymphoma to 95.2% among those with cervical/uterine cancers (Table 3). Kappa 

and percent agreement were also highest for cervical/uterine cancers. The PPV was 83.0% 

for all cancer types combined and ranged from 78.4% for thyroid cancer to 89.7% for 

Hodgkin lymphoma. None of the measures examined varied greatly according to age at 

diagnosis, and no consistent patterns were observed according to year of diagnosis, though 

sensitivity was highest (78.8%) and PPV was lowest (70.0%) in the most recent years 

(2012-2014). In analyses according to insurance type, the sensitivity was slightly higher and 

the PPV was slightly lower, among women with private insurance only during the 12 months 

after diagnosis as compared to those with any Medicaid. Sensitivity, kappa, and percent 

agreement were all highest among women with localized stage disease, while PPV varied 

little by stage. When a 6-month postdiagnosis claims window was used, sensitivity was 

consistently higher and PPV was consistently lower compared to analyses using a 12-month 

window (Supplemental Table 3).

For women with breast cancer, the sensitivity and PPV for hormone therapy data from the 

CCR compared to the claims were 67.0% and 70.1%, respectively, when a 12-month claims 

window was used (Table 4). Concordance measures suggested minimal to weak agreement 

between the CCR data and the claims data. While the sensitivity was higher when a 6-month 

claims window was used, values of PPV, kappa, and percent agreement were substantially 

lower.

Among women with chemotherapy receipt recorded in both the CCR and the claims, the 

date of initiation in the CCR exactly matched the date of the first chemotherapy claim for 

37% (Figure 1). Dates differed between the two sources by more than 30 days for 37%, with 

the majority of these having a date of service from their first claim that was later than the 

date of initiation in the registry. For radiation, 28% of women had dates in the CCR that 

exactly matched those of the first identified claim, while 61% had a date for the first claim 

that was 30 days or fewer before the date in the CCR. Only 7% of dates for the first radiation 

claim and radiation in the CCR differed by 30 or more days. Among women with breast 

cancer who had hormone therapy receipt in both the CCR and the claims data, 31% had 
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dates that matched exactly between the two sources, and 23% had dates that differed by 30 

or more days.

Discussion

In this cohort of AYA women diagnosed with cancer in North Carolina, we assessed the 

validity of state cancer registry treatment data using insurance claims information as the 

gold standard. We found that chemotherapy information recorded in the registry was 

reasonably complete and accurate, with sensitivity and PPV both within the range of 

80-90%. Though the PPV of registry data for radiation was similar to chemotherapy, the 

sensitivity was lower (74%), indicating some underascertainment of radiation receipt by the 

registry. Our analyses demonstrated low sensitivity and PPV for hormone therapy, 

suggesting that registry data alone could not be used to accurately estimate the proportion of 

breast cancer patients treated with endocrine agents during this time period.

Results of the current study for chemotherapy differ from those previously reported for data 

from SEER registries compared to Medicare claims. Among patients diagnosed with cancers 

of the bladder, female breast, colon or rectum, lung, ovary, pancreas or prostate at ages 65 or 

older, the sensitivity and PPV for chemotherapy data in SEER were 68% and 90%, 

respectively, using a 12-month postdiagnosis window for identification of chemotherapy in 

Medicare claims.[1] In contrast, among AYA women in North Carolina in the current study, 

the sensitivity was considerably higher (86.4%) and exceeded the PPV (81.9%).

Although we considered the claims data to represent the gold standard source of treatment 

information, it should be noted that some underascertainment of chemotherapy receipt in the 

claims data is possible. The list of drug and procedure codes that we used to identify 

chemotherapy in the claims incorporated codes from NCI lists,[7] the report comparing 

SEER treatment information to Medicare claims, and other sources, but there may be 

additional codes for chemotherapy that we did not include. Patients receiving care outside of 

their insurance plan, though likely an uncommon occurrence, could also lead to 

underascertainment in the claims. Given the differing patterns between our findings and 

those reported in SEER-Medicare,[1] additional investigation of chemotherapy accuracy and 

completeness in population-based registries is warranted.

Using a 12-month postdiagnosis claims window, we found moderately high values of PPV 

and sensitivity for radiation data recorded in the registry. However, these findings differed 

substantially from those observed using a 6-month claims window, in which the sensitivity 

was somewhat improved while the PPV was noticeably decreased. Differences between the 

12-month and 6-month results appeared to be greatest for breast cancer and lymphoma, 

cancer types for which most patients in this age group also receive chemotherapy. Radiation 

typically occurs after chemotherapy in these patients, and may therefore begin too late to be 

accurately recorded by the registry. The greater underascertainment for radiation compared 

to chemotherapy may also be partially explained by a greater likelihood for radiation 

oncology centers to be freestanding and privately owned compared to chemotherapy clinics, 

which are more often part of the hospital; information on treatments received outside of the 

hospital setting may be more challenging to collect. Overall, these results suggest that 
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caution is warranted in studies using registry data alone to classify patients as treated or 

untreated with radiation.

Several prior studies have evaluated the accuracy and completeness of registry radiation data 

specifically among breast cancer patients, with highly variable results across registries.[2, 3, 

10–13] Using Medicare claims as a the gold standard, a study of breast cancer patients aged 

66 and older diagnosed in 2001-2007 reported sensitivities of radiation data ranging from 

72.6% to 94.4% across SEER registries.[3] The same study also evaluated radiation data 

from three non-SEER registries compared to Medicare claims, finding sensitivities of 

48.4%, 56.1%, and 81.1% for Florida, Texas, and New York, respectively. Our results, 

among a contemporary cohort of AYA women identified in a non-SEER registry, are within 

the range of those reported in other cohorts, and illustrate that underascertainment of 

radiation by population-based registries remains a concern in the breast cancer context.

In our data, registry information on hormone therapy for breast cancer appeared to be less 

accurate and complete than information on chemotherapy or radiation, a finding which may 

be explained by later initiation of hormone therapy than other therapies. While we used 

insurance claims data as the gold standard, other studies using either medical records or self-

reported treatment information have reported similarly low values of sensitivity for hormone 

therapy data from population-based registries. In a study examining the quality of breast 

cancer treatment data in the Illinois State Cancer Registry for patients diagnosed between 

2005 and 2008, the sensitivity of hormone therapy data in the registry was 62% compared to 

self-reported information, and 48% compared to the medical record.[2] Likewise, a study of 

breast cancer patients aged 65 and older in the New Mexico Tumor Registry reported a 

sensitivity of 59.7% for hormone therapy data from the registry compared to medical chart 

information recorded within 6 months after diagnosis.[14] Taken together, these findings, 

along with those of the current study, suggest that use of registry data to identify breast 

cancer patients treated with hormone therapy could result in considerable misclassification. 

Other data sources, such as insurance claims, should be used to augment registry data in 

breast cancer studies requiring hormone therapy information.

To our knowledge, ours is the first study to evaluate the validity of treatment initiation dates 

recorded in the registry. For radiation and hormone therapy, we found fairly high 

concordance between the registry and the claims, with <25% of women having dates of 

initiation that differed by more than 30 days between the two data sources. Though the 

majority of women also differed by 30 or fewer days for chemotherapy, it is unclear why 

more than one-third had a date for their first chemotherapy claim that was more than 30 days 

after the date of chemotherapy initiation recorded in the registry. These results may be 

informative in the design of algorithms for capturing cancer recurrence, in studies evaluating 

time to cancer treatment as a measure of cancer care quality, or other research activities 

using registry-based information on date of treatment initiation.

This study has some potential limitations. For our analysis, we considered insurance claims 

to be the gold standard source for information on cancer therapy receipt. It is possible that 

claims data could overestimate the proportion of patients receiving a particular treatment 

type, if claims generated within the first year of diagnosis reflected treatment for early 
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recurrence, rather than initial treatment for the primary cancer diagnosis. Recurrence 

information is not available from the CCR in North Carolina or most other states. 

Additionally, our analyses only included young women with cancer who linked with the 

insurance claims data; findings may not be generalizable to all cases in the registry. Analyses 

were constrained by limited sample size, which precluded cancer type-specific analyses of 

validity measures according to disease stage or other characteristics.

In summary, population-based cancer registries are important resources for research on 

cancer care, but it is critical to consider data quality when interpreting findings from 

registry-based studies. Results of the current study suggest that registry data is a reasonably 

accurate and complete source of information on chemotherapy receipt among young women 

with cancer. However, radiation and hormone therapy information from the registry may be 

best supplemented with data from other sources when attempting to identify patients treated 

with these therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Cancer registry data on chemotherapy was fairly complete compared to 

claims data.

• Radiation and hormone therapy information in the registry appeared less 

complete.

• Our findings support using registry-based chemotherapy information in 

research.
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Figure 1. 
Distribution of difference in days between date of treatment initiation in the claims data and 

in the registry data

Anderson et al. Page 11

Cancer Epidemiol. Author manuscript; available in PMC 2021 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Anderson et al. Page 12

Table 1.

Characteristics of adolescent and young adult women with cancer in North Carolina, 2003-2014

N %

Total 2,342 100

Cancer type

Breast 942 40%

Hodgkin lymphoma 176 8%

Non-Hodgkin lymphoma 145 6%

Thyroid 651 28%

Cervical/uterus 327 14%

Ovarian 101 4%

Age at diagnosis

15-29 612 26%

30-34 645 28%

35-39 1,085 46%

Stage

Localized 1,218 52%

Regional 854 36%

Distant 231 10%

Unstaged/unknown 39 2%

Year of diagnosis

2003-2005 529 23%

2006-2008 683 29%

2009-2011 612 26%

2012-2014 518 22%

Insurance type within 12 months post-diagnosis

Any Medicaid 800 34%

Private insurance only 1,542 66%
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