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Abstract

Objectives: We aim to assess external and internal attributes and operations of the Centers for 

Disease Control and Prevention (CDC)’s National Program of Cancer Registries (NPCR) central 

cancer registries by their consistency in meeting national data quality standards.

Methods: The NPCR 2017 Program Evaluation Instrument (PEI) data were used to assess 

registry operational attributes, including adoption of electronic reporting, compliance with 

reporting, staffing, and software used among 46 NPCR registries. These factors were stratified 

by (1) registries that met the NPCR 12-month standards for all years 2014–2017; (2) registries 

that met the NPCR 12-month standards at least once in 2014–2017 and met the NPCR 24-month 

standards for all years 2014–2017; and (3) registries that did not meet the NPCR 24-month 

standards for all years 2014–2017. Statistical tests helped identify significant differences among 

registries that consistently, sometimes, or seldom/never achieved data standards.

Results: Registries that always met the standards had a higher level of electronic reporting and a 

higher compliance with reporting among hospitals than registries that sometimes or seldom/never 

met the standards. Although not a statistically significant finding, the same registries also had a 

higher proportion of staffing positions filled, a higher proportion of certified tumor registrars, and 

more quality assurance and information technology staff.

Conclusions: This information may be used to understand the importance of various factors 

and characteristics, including the adoption of electronic reporting, that may be associated with a 

registry’s ability to consistently meet NPCR standards. The findings may be helpful in identifying 

best practices for processing high-quality cancer data.
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Introduction

Cancer was the second-leading cause of death in the United States in 2018, with more 

than 1.7 million new cancer diagnoses and about 600,000 cancer deaths.1 Central cancer 

registries (referred to henceforth as registries) provide information on cancer incidence and 

trends that can be used to monitor the burden of disease and develop and evaluate local and 

national cancer prevention and control interventions.2–4 Registries provide data that include 

information on new cancer cases, such as the type, stage, location of the cancer, treatment, 

and outcomes.2

The Centers for Disease Control and Prevention (CDC) provides technical and financial 

support to central population-based cancer registries in 46 states, the District of Columbia, 

Puerto Rico, the US Virgin Islands, and the US-Affiliated Pacific Islands (USAPI), and 

has been actively engaged in providing training and software support and in evaluating 

registries’ progress and data quality.2, 5 This data quality is monitored by CDC through 

registries’ ability to meet established National Program of Cancer Registries (NPCR) 

standards. These standards are based on various metrics that monitor data quality, 

completeness, and timeliness at 12 and 24 months following the date of diagnosis.6

To date, the operational characteristics of registries by their ability to meet the NPCR quality 

standards have not been systematically evaluated. The aim of this study is to assess external 

and internal attributes and operations of registries by their consistency in meeting NPCR 

data quality standards. By identifying characteristics and operational processes that result in 

high-quality data, the findings from this study may help inform efforts to support registries.

Methods

Overview of Approach

We conducted a program evaluation using secondary quantitative data from a prior program 

evaluation survey to assess registry attributes by their consistency in meeting NPCR data 

quality standards. NPCR data quality are assessed based on whether the registry meets 

the National Data Quality Standards (formerly known as the 24-month standards) and the 

Advanced National Data Quality Standards (formerly known as the 12-month standards). 

Registries were grouped into 1 of 3 levels: registries that met the NPCR 12-month standards 

for all years 2014–2017 (labeled in figures as “Always”); registries that met the NPCR 

12-month standards at least once in 2014–2017 and met the NPCR 24-month standards for 

all years 2014–2017 (labeled in figures as “Sometimes”), and registries that did not meet the 

NPCR 24-month standards for all years 2014–2017 (labeled in figures as “Seldom/Never”). 

Additionally, we used data collected by the CDC and publicly available data to establish a 

general overview of registry characteristics. Registries were split into thirds for volume of 

cases (number of cancers reported by the registry), size of area covered by registry (square 

miles covered by the state), and presence of rural areas (population density) to indicate 

registries that represented the top third (high), middle third (medium), and bottom third 

(low) of each attribute. We also include geographic location (Midwest, Northeast, South, or 

West) and funding source (based on federal, state and other funding received).
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Quantitative Data Compilation and Analysis

Data from the NPCR 2017 Program Evaluation Instrument (PEI) were extracted to support 

contextual information about the participating registries. The PEI, which has Office of 

Management and Budget (OMB) approval (#0920–0706) and is generally conducted every 2 

years, collects information via a web-based survey instrument on registries’ operational 

attributes, progress towards meeting program standards, and information on advanced 

activities performed.7 The 2017 PEI data represented the latest completed year of the PEI 

survey during the time of the study and provided baseline information about participating 

registries for the evaluation. We used Stata software to analyze data on 46 registries 

compiled from the PEI. Registries’ general characteristics, along with data from the PEI, 

were stratified by their consistency in meeting NPCR’s quality standards.6

In the PEI, registries reported the number of sources required to report, the number of 

sources compliant with reporting, and the number of sources reporting electronically for 

various hospital and laboratory sources. The PEI defines electronic reporting for registries as 

“the collection and transfer of data from source documents by hospitals, physician offices, 

clinics or laboratories in a standardized, coded format that does not require manual data 

entry at the central cancer registry (CCR) level to create an abstracted record.” Compliance 
with reporting was defined as the total number of facilities required to report that actually 

reported cancer data at the end of 2017. For each registry, we calculated the percentage 

of electronic reporting and the percentage of reporting compliance separately for each 

source type (pathology laboratories and hospitals). Using our defined stratifications, we 

then calculated the overall average percentage of electronic reporting and compliance 

among registries within each designation of consistency in meeting NPCR quality standards. 

Analysis of variance tests were conducted to assess statistical significance among registries 

of different consistencies in meeting the NPCR data quality standards.

The PEI also collected data on registries’ staffing characteristics, including their number 

of contracted and noncontracted staff by various positions, along with their number of 

filled and vacant positions. Registries reported the number of staff who were a certified 

tumor registrar (CTR) and number of staff in key registry positions, including quality 

control staff and computer or information technology (IT)-related staff. The number of 

full-time equivalents (FTEs) that registries reported across various staffing positions was 

used to generate average percentage of positions filled, positions that were noncontracted 

staff, and positions that had CTR credentials. We also generated the median number of 

FTEs of various specified position types stratified by the registries’ consistency in meeting 

data quality standards. Kruskal-Wallis equality-of-populations rank tests were performed to 

assess statistical significance of the staffing results.

Registries also reported information about data content and format, including the primary 

software systems used to process and manage cancer data and use of select Registry Plus 

suite software components used to acquire and link data. This study reports on registries’ 

use of Electronic Mapping, Reporting, and Coding (eMaRC) Plus, Web Plus, and Link 

Plus,8 as these were the most-reported Registry Plus software applications. The percentage 

of registries using various software among each registry stratification level was generated. 

Lastly, registries reported on any systems in place for early case capture (rapid case 
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ascertainment), along with whether early case capture was being performed for all cases 

or a subset of cases. Early case capture is when a registry reports cases to the central cancer 

registry much earlier than required by law (ie, 180 days), usually within 30 days of diagnosis 

date or date first seen at an institution. The percentages of registries with systems in place 

to perform early case capture and those that performed early case capture on all cases were 

also calculated. Fisher’s exact tests were performed to identify statistical significance of 

the software usage as well as that of early case capture numbers by registry consistency in 

meeting NPCR data quality standards.

Results

General characteristics of the 46 registries are presented in Table 1. Registry characteristics 

varied across their consistency in meeting NPCR 12- and 24-month reporting standards. 

Out of the 12 registries that always met NPCR 12- and 24-month reporting standards, half 

were considered lower case volume registries, with the other half split between medium or 

higher volumes of cases. Compared to the 2 groups of registries that never or sometimes 

met the NPCR standards, the group of registries that always met the NPCR standards had 

the highest number of registries located in the Northeast, the largest proportion of registries 

with a smaller geographic area covered, and the largest proportion of registries with a low 

presence of rural areas. Overall, 9 total registries received sources of additional federal and 

state funding beyond the standard NPCR or state funding.

The average level of electronic data adoption and the compliance by registries of various 

consistencies in meeting NPCR data reporting standards are presented in Figure 1. On 

average, almost half of laboratory facilities among registries that always met standards 

reported data electronically, compared to 40% and 43% among registries that sometimes 

or seldom/never met the standards. On average, about 89% of hospital sources reported 

electronically among registries that always met the standards, compared to 83% and 63% 

hospital electronic reporting among registries that sometimes or seldom/never met the 

standards.

Registries that always met data reporting standards had an average reporting compliance of 

91% among laboratories, compared to 86% and 79% among registries that sometimes or 

seldom/never met the standards. In hospital sources, average compliance was 98% among 

registries that always met the standards, compared to 92% and 76% among registries that 

sometimes or seldom/never met the standards.

The average percentage of staffing along with the median staffing for selected positions 

is presented in Figure 2 by registries’ consistency in meeting the standards. Among 

registries that always met the standards, 93% of registry positions were filled, 71% of 

total positions were noncontracted, and 53% of total staff had CTR credentials. Among 

registries that sometimes met standards, 92% of positions were filled, 75% of total staff were 

noncontracted, and 46% of staff had CTR credentials. Among registries that seldom/ never 

met standards, 85% of positions were filled, 97% of total staff were noncontracted, and 40% 

of staff had their CTR credentials. Registries that always met the standards had a median of 

4 CTR quality-control staff, compared to 3 CTR quality-control staff among registries that 
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sometimes met the standards, and 2 among registries that seldom/ never met the standards. 

However, registries that seldom/ never met the standards had a median of 2 quality-control 

staff who did not have CTR credentials, which was higher than the other registry groups. 

Registries that always or sometimes met the standards also had a higher median number 

of computer/information technology-related staff than registries that seldom/never met the 

standards. None of the Kruskal-Wallis equality-of-populations rank test results for staffing 

were statistically significant.

The primary software used by registries for data processing, along with other Registry 

Plus software used, are presented in Figure 3. These data are stratified by registries’ 

consistency in meeting data reporting standards. Among registries that always met data 

reporting standards, about a third primarily used CDC software (CRS Plus) to process and 

manage data, while 58% used a commercial vendor, and 8% used software developed by the 

registry (in-house software). Among registries that sometimes met the standards, about 52% 

primarily used CRS Plus, while 30% used a commercial vendor, and 17% used in-house 

software. Among registries that seldom/never met standards, about 45% primarily used CRS 

Plus, 45% used a commercial vendor, and 9% used in-house software.

The majority of registries, including all registries that always met the standards, used 

eMaRC Plus software (part of Registry Plus). This electronic pathology reporting program 

allows registries to receive and process Health Level Seven (HL7)8 data from laboratories 

and HL7 Clinical Data Architecture (CDA)-formatted data from physicians’ offices. About 

75% of all registries used Web Plus, allowing them to receive electronic data securely over 

the internet. This software is frequently used to acquire hospital data, contributing the bulk 

of registries’ case volume. Most registries also reported using Link Plus, a linkage tool to 

help registries detect duplicates in their databases and to link cancer data with external data 

sources. Registries that always met the data standards had a slightly higher than average 

level of using Web Plus and Link Plus than registries that sometimes or seldom/never met 

the standards. Fisher’s exact test results for the software usage by registry consistency in 

meeting NPCR data quality standards were not statistically significant.

Figure 4 presents the percentage of registries with a system in place for early case capture 

along with the percentage of registries that perform early case capture on all cases. Among 

registries that always met the standards, half had a system in place for early case capture and 

about 25% performed early case capture on all cases. For registries that sometimes met the 

standards, 30% had a system in place for early case capture and 4% performed early case 

capture on all cases. Of registries that seldom/never met the standards, 18% had a system 

in place for early case capture and none performed early case capture on all cases. Fisher’s 

exact test results were not statistically significant.

Discussion

This study examined key attributes and staffing among registries of differing consistencies 

in meeting NPCR data quality standards. While practices such as electronic reporting have 

previously been hypothesized to support registries in meeting the NPCR standards, this 

is the first study to report data on specific external and internal factors, including the 
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adoption of electronic reporting, among registries with varying consistencies in meeting 

the standards. The exploratory study presented in this manuscript suggests that the format 

of data coming into the registry plays a significant role in the registry’s performance, 

in that high adopters of electronic reporting more consistently met the NPCR 12- and 

24-month data standards. Similarly, registries with a higher compliance of reporting also 

more consistently met the NPCR standards. This relationship was most clearly demonstrated 

by hospitals that reported electronically, which reports the bulk of registries’ case volumes. 

High-quality hospital registries are therefore an important data source within the national 

cancer surveillance infrastructure; they are major facilitators in central cancer registries’ 

receipt of electronic data and their reporting of high-quality data for data users and cancer 

prevention and control efforts.4 The ability of cancer registries to meet data quality standards 

as a result of hospital electronic reporting and hospital compliance with reporting were both 

statistically significant findings. Furthermore, a recent qualitative study found that electronic 

reporting helped registries to improve data completeness, timeliness, and quality, which are 

all components in achieving the NPCR 12- and 24-month data standards.5

Registries’ ability to hire and train qualified staff may also be an important facilitator in their 

consistency in meeting the data quality standards. Staffing represents the largest component 

of a registry’s budget, with past research showing that staff compensation can range from 

about 65% to 92% of a registry’s budget and resources used.9,10 Using the NPCR PEI 

data allowed our study to take a more detailed look at the number of staff with specific 

roles and qualifications across registries. Although not statistically significant, our study 

identified that registries that always met the NPCR standards had a higher proportion of 

staff with CTR credentials than registries that sometimes or seldom/never met the standards. 

This included a higher number of CTR quality-control staff, who are critical in ensuring the 

processing of high-quality data. Past research suggests that IT and technical support teams 

likely play a critical role in registries’ ability to adopt electronic reporting and in using 

data processing software, which supports the importance of having a dedicated IT role and 

ensuring adequate technical assistance for registries to meet the data reporting standards.5, 11 

Similar to registries with IT support, registries with a system in place for early case capture 

may also be more likely to meet data standards, but it is important to note that these findings 

were not statistically significant in our study.

The type of software used by registries did not appear to have a significant role in registries’ 

ability to meet data reporting standards. Registries that consistently met the standards 

were likelier to use a commercial vendor versus the CDC software; however, this may 

reflect their more advanced IT resources and capabilities, to which not all registries have 

access. Software, hardware, networks, and other electronic architecture play a major role 

in registry operations and their adoption of electronic reporting, and therefore facilitate a 

registry’s ability to meet NPCR data quality standards. While many software issues, such 

as the lack of automation,5 have been noted in past studies, CDC is actively involved 

in developing solutions, such as natural language processing, to better automate cancer 

data collection and reporting. It is also developing cloud-based computing platforms to 

better standardize the electronic data that registries receive from pathology laboratories and 

physicians’ offices.12,13
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In this study, based on the factors considered, we find that the adoption of electronic 

reporting and potentially optimal staffing mix could be key areas for facilitating the 

achievement of NPCR data standards. By incorporating broader registry characteristics and 

quality of data submitted to registries, such as in information gathered in future PEIs or 

interviews, future studies may help reveal additional factors that can support registries to 

achieve data quality standards. Furthermore, as we have found in prior studies that registries 

vary in the cost of their operations, the roles of funding and cost of electronic data adoption 

needs to be further investigated.10

This study has several limitations. By using the NPCR 12- and 24-month standards only 

as the outcomes of interest, we may have missed factors that can impact other goals 

that registries often aim to achieve, such as research output and data usability. Another 

study limitation is that the narrow retrospective time frame used may have limited our 

ability to see the effect of improvements over time on registries’ ability to meet the 

NPCR standards. Furthermore, for some categories such as type of registry staff, we had 

small sample sizes that may not have allowed for meaningful comparisons. While much 

of these data were collected during 2014–2017, certain factors, like a registry’s adoption 

of electronic reporting, may become even more critical during periods of natural disaster, 

disease outbreaks similar to the COVID-19 pandemic, or in situations that require staff 

to work remotely for extended periods of time. Despite these limitations, this study has 

revealed critical factors that can support registries in meeting NPCR data standards and has 

identified key areas, such as the role of funding and cost of electronic data adoption, that can 

be explored in future studies.

Conclusion

This study explored the variations in registry attributes and processes and their roles in 

impacting the achievement of NPCR 12- and 24-month data standards. Though many 

registries differed in characteristics and in software used, the adoption of electronic reporting 

compliance with reporting and potentially the staffing mix emerged as the primary drivers 

of meeting NPCR data standards. NPCR has been at the forefront of data modernization 

initiatives at the CDC, and the shift among cancer registries to real-time data collection has 

propelled the need to develop new solutions to automate processes, develop natural language 

processing, and initiate the use of cloud-based platforms to modernize the collection of high-

quality cancer data. This study underscores the importance of scaling up electronic reporting 

along with ensuring registries have the resources and staffing required to consistently meet 

the NPCR data standards.
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Figure 1. 
Average Electronic Data Adoption and Compliance with Reporting in 2017 by Achievement 

of National Program of Cancer Registries Data Quality and Reporting Standards

An asterisk (*) denotes statistical significance.
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Figure 2. 
Average Percent Staffing and Median Staffing for Selected Positions by Achievement of 

National Program of Cancer Registries Data Quality and Reporting Standards, 2017

CCR, central cancer registry; CTR, certified tumor registrar; GIS, geographic information 

system; IT, information technology.
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Figure 3. 
Percentage of Registry Software Use by Achievement of National Program of Cancer 

Registries Data Quality and Reporting Standards, 2017
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Figure 4. 
Percentage of Registries with Early Case Capture by Achievement of National Program of 

Cancer Registries Data Quality and Reporting Standards, 2017
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