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Abstract

Purpose—Race and Hispanic ethnicity data can be challenging for central cancer registries to 

collect. We evaluated the accuracy of the race and Hispanic ethnicity variables collected by the 

Utah Cancer Registry compared to self-report.

Methods—Participants were 3,162 cancer survivors who completed questionnaires administered 

in 2015–2022 by the Utah Cancer Registry. Each survey included separate questions collecting 

race and Hispanic ethnicity, respectively. Registry-collected race and Hispanic ethnicity were 
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compared to self-reported values for the same individuals. We calculated sensitivity and specificity 

for each race category and Hispanic ethnicity separately.

Results—Survey participants included 323 (10.2%) survivors identifying as Hispanic, a lower 

proportion Hispanic than the 12.1% in the registry Hispanic variable (sensitivity 88.2%, specificity 

96.5%). For race, 43 participants (1.4%) self-identified as American Indian or Alaska Native 

(AIAN), 32 (1.0%) as Asian, 23 (0.7%) as Black or African American, 16 (0.5%) Pacific Islander 

(PI), and 2994 (94.7%) as White. The registry race variable classified a smaller proportion of 

survivors as members of each of these race groups except White. Sensitivity for classification of 

race as AIAN was 9.3%, Asian 40.6%, Black 60.9%, PI 25.0%, and specificity for each of these 

groups was >99%. Sensitivity and specificity for White were 98.8% and 47.4%.

Conclusion—Cancer registry race and Hispanic ethnicity data often did not match the 

individual’s self-identification. Of particular concern is the high proportion of AIAN individuals 

whose race is misclassified. Continued attention should be directed to the accurate capture of race 

and ethnicity data by hospitals.
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Introduction

There is a growing body of evidence identifying cancer disparities in the United States by 

race and ethnicity. For example, from 2015-2019 the cancer mortality rate per 100,000 was 

highest in Black individuals at 179, followed by 161 in American Indian or Alaska Native 

(AIAN) individuals, 157 in White individuals, 110 in Hispanic or Latino individuals, and 

lowest in Asian or Pacific Islander (API) individuals at 96 [1]. AIAN populations have the 

highest incidence rates of liver and intrahepatic bile duct cancer, with Hispanic or Latino 

and API populations following next [2]. Another striking fact is although Black and White 

women have a similar incidence rate of breast cancer, Black women are more likely to die of 

the cancer [2, 3].

To fully understand cancer disparities, it is essential that cancer surveillance data, which 

are the foundation of monitoring population-based trends in cancer incidence and mortality, 

contain accurate reports of the race and ethnicity of the cancer patients. Patient race and 

Hispanic ethnicity are collected as standardized data items by central cancer registries in 

the United States [4]. Central registries rely primarily on cancer case abstracts submitted by 

hospitals for obtaining patient race and ethnicity data.

The gold-standard for race and ethnicity are self-reported values from the individual [5]. 

Several reports of the validity of cancer registry race and ethnicity data compared to self-

report have been based on large study populations spanning multiple states and multiple 

cancer registries [6-8]. These studies found that accurate registry classification of race 

for individuals diagnosed with cancer was highly sensitive, 95-99%, for those of White 

race, and classification of Black or African American also high at 91-99%. Classification 

of individuals of Hispanic ethnicity was less accurate in these studies, with sensitivity of 
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74-79%. Classification of individuals diagnosed with cancer as Asian and Pacific Islander 

(these two race categories have historically been combined in cancer reporting) and AIAN 

have lower accuracy in the same studies. Classification of cancer patients as AIAN had 

notably poor sensitivity, 19-40%, with these estimates being based on fewer than 100 

participants who self-reported race as AIAN in each study [6-8].

Self-report data in one of these multi-state studies was based on data collected in 2003-2011 

[7]. The other two studies were based on cancer registry data collected in 2001 or earlier, 

with one study using self-report and cancer registry data collected as far back as 1973 [8]. 

The proportions of the U.S. population who are members of different race and ethnic groups 

has changed over time, including an increasing proportion who report more than one race 

[9, 10]. Health care systems may change their strategies for collecting race and ethnicity 

information about patients to meet evolving standards. These factors will in turn cause the 

quality of race and ethnicity data collected by cancer registries to change over time, thus 

validity should continue to be evaluated using recent data.

The practice of grouping all individuals of Asian or Pacific Islander origin into a single 

category when reporting cancer data has been criticized, especially considering the different 

cancer incidence patterns observed for Asian compared to Pacific Islander populations in the 

United States [11, 12]. Thus, it is important to assess the validity of race classification in 

more specific subgroups. To our knowledge, only two studies, both using study populations 

in the state of California, have assessed validity of cancer registry data for classifying 

subgroups defined by national origin within the broad category of Asian or Pacific Islander 

[13, 14].

A limited number of studies have reported validity of race and/or ethnicity for central 

cancer registries within single states [8, 13-20]. Results from these single-state studies are 

suggestive that accuracy may vary by geographic region. For example, reports of sensitivity 

of classification of ethnicity as Hispanic range from as high as 98% in Michigan [17] and 

88% in Illinois [18], to lower sensitivities of 66-70% in California [14, 15, 20] and 58% 

previously in Utah [16].

Investigating the accuracy of race and ethnicity data describing residents of the state of 

Utah who are diagnosed with cancer is important as the Utah population is expanding and 

diversifying rapidly. According to Census data, Utah was the fastest-growing state between 

2010 and 2020 [21]. The population increased 18.4% over that 10-year span, with a 7.1 

percentage point increase in its diversity index (33.6% in 2010 vs. 40.7% in 2020), which 

measures the probability that two people chosen at random in a given area will be from two 

different race or ethnic groups [21]. Furthermore, investigating accuracy of the registry’s 

identification of AIAN race is of special interest because we have reported that the overall 

cancer incidence in the Utah AIAN population appears to be dramatically lower than other 

race groups [22]. The second-largest racial or ethnic group in Utah is the Hispanic or 

Latino population, representing 14.4% of the state population [23]. Therefore, it is important 

to understand if the North American Association of Central Cancer Registries’ Hispanic 

Identification Algorithm (NHIA), a tool to assist registries in capturing Hispanic ethnicity 

data, adds value to the cancer registry ethnicity classification. Also, the Pacific Islanders 
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population in Utah is growing and it is important to treat Asian and Pacific Islander as 

separate categories.

The purpose of this analysis was to evaluate the accuracy of the race and ethnicity variables 

as collected by the Utah Cancer Registry by comparing them to self-reported data obtained 

directly from cancer survivors. In this analysis we also examine predictors of accuracy 

in identification of AIAN race. Given the documented challenges for cancer registries 

nationally to obtain valid classification of AIAN race, it is possible that cancer incidence 

in this group in Utah may be underestimated due to misclassification of race. We also 

evaluate whether NHIA adds value to the cancer registry Hispanic ethnicity classification 

and evaluate validity of the categories of Asian and Pacific Islander separately. By evaluating 

the accuracy of Utah Cancer Registry’s race and ethnicity variables, this study will inform 

cancer control efforts and cancer research that relies on registry data to understand the extent 

of disparities in cancer and address them.

Methods

Participants and data sources

The Utah Cancer Registry is a population-based central registry that collects and maintains 

information on all reportable cancer diagnoses in Utah. Utah Cancer Registry data are 

complete and of high quality according to the National Cancer Institute’s Surveillance, 

Epidemiology, and End Results (SEER) Program and the U.S. Centers for Disease Control 

and Prevention’s National Program of Cancer Registries [24]. Race and ethnicity data are 

frequently reported to the registry through hospital-submitted cancer case abstracts. Less 

commonly these data are provided by radiation treatment centers, pathology laboratories, or 

physician offices. The North American Association of Central Cancer Registries (NAACCR) 

defines data standards for coding variables, including race codes to be used for up to five 

races per cancer patient and prioritization of race codes when an individual has multiple 

reported races. Hispanic ethnicity is a separate variable from the race variable [4].

The registry utilizes linkages and algorithms to fill in missing race and ethnicity information. 

Linkages to Utah death and birth certificates and Indian Health Services (IHS) enrollment 

records are performed. NHIA identifies individuals as Hispanic based on birth country, 

maiden name, and current surname and can be applied to individuals diagnosed in 1995 

and later [25]. The NAACCR Asian Pacific Islander Identification Algorithm (NAPIIA) is 

similarly used by cancer registries to identify Asian/Pacific Islander individuals based on 

surname when race information is missing [26].

The validity of registry race and ethnicity data was assessed by comparing it with self-

reported race and ethnicity data obtained through four recent surveys conducted for cancer 

research or public health projects and administered by the Utah Cancer Registry. The Utah 

Cancer Survivors Study (administered 2015, 2018; Study 1 in Table 1) [27] and the Cancer 

Survivors’ Experiences Survey (administered 2019-2022; Study 3 in Table 1) [28] focused 

on health status and quality of life among survivors of cancer of multiple sites. Additional 

participants were included from a SEER Program Rapid Response Surveillance System 

study to determine feasibility of obtaining patient-reported outcomes from cancer survivors 
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(administered 2017; Study 2 in Table 1) [29]. Finally, participants in the Malignancy 

Health and Lifestyle Study (administered 2020-2022; Study 4 in Table 1) [30] were cases 

selected for case-control studies of melanoma, leukemia, and lymphoma. The aims, study 

design, eligibility criteria, and methods of these studies have been previously reported. 

The administration of these surveys followed Utah policy regarding surveillance data, 

which requires the initial contact with cancer patients for research recruitment be made 

by Utah Cancer Registry as the surveillance data steward. All studies were reviewed by 

the University of Utah or the Utah Department of Health and Human Services Institutional 

Review Board.

All individuals who responded to one of the four surveys and answered the race and/or 

ethnicity survey questions were included in analyses. The analysis did not include responses 

which were missing both the race and ethnicity data. For participants that were diagnosed 

with more than one cancer, the cancer characteristics were reported for the primary cancer 

that met the specific study eligibility. In the instance that an individual responded to more 

than one survey (n=18), the more recent survey response was used. The race and ethnicity 

data from the survey response were combined with data from the cancer patients’ registry 

records for analysis.

Variables

The four surveys providing self-reported race and ethnicity data contained similarly 

structured questions requesting individuals to report their race and ethnicity. In three of the 

surveys (Studies 1, 3, 4 in Table 1), participants were asked whether they are of Hispanic, 

Latino/a, or Spanish origin with Yes and No response options. The other survey (Study 2 

in Table 1) asked the participant whether their ethnicity is Hispanic or Non-Hispanic. One 

survey asked an additional question to identify the specific country of origin, however this 

information was not used in the analysis. All four surveys asked the participants to identify 

their race in a “Select all that apply” format. The race options in each survey were similarly 

listed as White, Black or African American, American Indian or Alaska Native, Asian, and 

Pacific Islander. Additional responses such as “Other” and “Don’t know/Not sure” varied 

among the surveys.

For purposes of this analysis, we created a series of binary variables representing each 

self-reported race (Black or African American, Asian, Pacific Islander, American Indian 

or Alaska Native, and White) and a binary variable representing self-reported Hispanic 

ethnicity. Similarly, we created binary variables representing each registry race category and 

registry Hispanic ethnicity. For every participant, each of these variables was classified as 

Yes or No. In the event that a participant self-reported more than one race in the survey, 

Yes was indicated in multiple categories. Therefore, an individual participant may have 

more than one documented self-reported race represented in the analysis. There were no 

individuals in the analysis for which the registry had more than one race documented.

Additional demographic and cancer variables used in this analysis were obtained from 

registry records. These include sex, age at time of survey, cancer site, diagnosis year, and 

address of residence at diagnosis. The age at survey for Study 2, Study 3, and Study 4 was 

calculated as the difference between date of birth and date of survey completion. Age at 
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survey for Study 1 was estimated as the difference between year of survey completion and 

year of birth (Table 1). The addresses were classified as urban or rural at the county level 

according to USDA’s Rural-Urban Continuum Codes [31].

Statistical analysis

We compiled a dataset of responses to the four surveys along with matched registry 

variables. Descriptive statistics (counts and percentages) were calculated for the entire 

sample and stratified by survey. Individuals who did not provide a response to the survey 

questions collecting self-reported Hispanic ethnicity (n=23) or race (n=71), are excluded 

from the remainder of our analyses as self-reported race data are necessary for calculation of 

the statistics described below.

We classified each participant as Yes vs. No for self-report and Yes vs. No for registry report 

for Hispanic ethnicity and for each race group separately. We then calculated sensitivity, 

specificity, and positive predictive values with 95% confidence intervals (CI) for Hispanic 

ethnicity and for each race. With this structure, each race group may contain individuals who 

identify as either Hispanic or non-Hispanic. Individuals who self-reported more than one 

race (n=37) are included in these calculations for each race they reported, and thus included 

in counts for each race they reported. Individuals who reported “Other” race (n=29) were 

included in sensitivity and specificity calculations for the remaining race groups, however 

we did not calculate sensitivity and specificity for the “Other” race category as it is a 

composite category representing multiple uniquely reported identities that cannot be directly 

compared to registry data.

We further summarized sensitivity, specificity, and positive predicitive values for AIAN 

race according to several other variables including Hispanic ethnicity, age at survey, and 

diagnosis year. Finally, we assessed the accuracy of the NHIA algorithm by calculating the 

percentage of individuals with unknown ethnicity in registry records who were correctly 

classified as Hispanic or non-Hispanic after implementation of the algorithm. All analyses 

were conducted with R 4.1.3 and SAS Version 9.4.

Results

After exclusion of incomplete registry records (n=68) and duplicate records for individuals 

participating in more than one of the surveys (n=18), our analysis comprised a total of 

3,162 individuals diagnosed with cancer. Descriptive statistics for the total study sample and 

stratified by study are shown in Table 1. Males comprised 48.7% of the total sample and 

females 51.3%. A majority of participants were in the age range of 55-74 years (57.6%) at 

survey completion and resided in urban areas (87.3%).

Approximately half of the participants originated from Study 3 which surveyed cancer 

survivors of all cancer sites. Inclusion criteria for the other three studies were restricted 

to specific cancer sites, influencing the cancer sites represented in this analysis. The sites 

with highest counts of participants are melanoma (23.2%), lymphoma (13.0%), and breast 

cancer (11.7%). Three of the four studies limited eligibility to participants based on recency 

of cancer diagnosis, also influencing the distribution of cancer diagnosis year for this 
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analysis. The great majority of participants were recently diagnosed, with 36.8% diagnosed 

in 2019-2021. Only 12.1% of participants were diagnosed in 2012 or prior.

As shown in Table 2, 323 (10.2%) participants reported Hispanic ethnicity, a somewhat 

lower proportion Hispanic than the 12.1% indicated by the registry Hispanic variable. 

Forty-three participants (1.4%) identified as American Indian or Alaska Native (AIAN), 32 

(1.0%) as Asian, 23 (0.7%) identified as Black or African American, and 16 (0.5%) as 

Pacific Islander (PI). The registry race variable indicated a smaller proportion of survivors 

to be members of these race groups: 0.3% AIAN, 0.6% Asian, and 0.5% Black or African 

American. Based on self-report, 94.7% of participants were White, similar to the proportion 

in registry records (95.2%).

Sensitivity and specificity of registry classification of Hispanic ethnicity were reasonably 

strong, 88.2% (95% CI 84.2, 91.5) and 96.5% (95% CI 95.8, 97.2), respectively. A 

sensitivity analysis was completed due to a variation in the wording of the ethnicity question 

in Survey 2. The results showed near identical sensitivity for Hispanic ethnicity when 

excluding Survey 2, thus it does not appear that the variation in survey wording had an 

impact on results. Sensitivity for survey participants self-reporting race as White was very 

high, 98.8% (95% CI 98.3, 99.2), but specificity was low at 47.4% (95% CI 37.2, 57.8). 

Sensitivity for registry classification of race for survey participants self-reporting in other 

groups was lower, with sensitivity for Black or African American 60.9% (95% CI 38.5, 

80.3), Asian 40.6% (95% CI 23.7, 59.4), Pacific Islander 25.0% (95% CI 7.3, 52.4), and 

AIAN 9.3% (95% CI 2.6, 22.1). Specificity for each of these race groups was greater than 

99%. The highest positive predictive value was for White participants (98.3%, 95% CI 

97.8, 98.7), meaning that among those whom the registry records classified as White, the 

probability of also self-reporting as such was 98.3%. The next highest positive predictive 

value was for Black or African American participants (93.3%, 95% CI 68.1, 99.8), followed 

by Hispanic participants (74.4%, 95% CI 69.7, 78.7). The lowest positive predictive value 

was for AIAN participants, with a value of 36.4% (95% CI 10.9, 69.2).

We also conducted a supplemental analysis excluding the 37 individuals from our sample 

who self-reported more than one race (Supplemental Table 1). The sensitivity for races other 

than White had slight increases but remained low. These values were 21.1% (95% CI 6.1, 

45.6) for AIAN participants, 57.1% (95% CI 34.0, 78.2) for Asian participants, 81.2% (95% 

CI 54.4, 96.0) for Black or African American participants, and 40.0% (95% CI 12.2, 73.8) 

for Pacific Islander participants.

To further evaluate accuracy for AIAN race, we examined sensitivity and specificity 

of AIAN classification stratified by additional variables including self-reported Hispanic 

ethnicity, age, and diagnosis year (Table 3). The number of observations in each category 

were small and confidence intervals were wide. The calculated sensitivity for AIAN race 

was low in both self-identifying Hispanic (4.3%, 95% CI 0.1, 21.9) and non-Hispanic 

(10.5%, 95% CI 1.3, 33.1) participants.

To assess the accuracy of the NHIA algorithm, which classifies cancer patients as Hispanic 

or non-Hispanic, we compared results of the algorithm to participants’ self-report. There 
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were 40 participants whose Hispanic ethnicity status was unknown to the registry prior to 

utilization of the NHIA algorithm. For these individuals, self-reported Hispanic ethnicity 

matched the ethnicity categorization of the algorithm 100% of the time (results not shown).

Lastly, a supplemental analysis was completed using a combined race and ethnicity variable 

wherein each race was evaluated exclusive of Hispanic identity. These findings were 

substantively similar to our primary analysis (see Supplemental Table 2). We found that 

the sensitivity of non-Hispanic White was 95.5% (95% CI 94.7, 96.3), which is slightly 

lower than sensitivity for all White individuals. Non-Hispanic White specificity was 84.3% 

(95% CI 79.8, 88.1), which is higher than the overall White specificity. Sensitivity for non-

Hispanic Black or African American was 68.8% (95% CI 41.3, 89.0), which is somewhat 

higher than when not limiting to non-Hispanic.

Discussion

This study found that the race information contained in Utah Cancer Registry records was 

very often valid for individuals identifying as White. Among those whom the registry 

classified as White, the probability of also self-reporting as White was 98.3%. Sensitivity 

for classification as Hispanic was reasonably high at 88.2%, a substantial improvement over 

the 58% sensitivity reported from our earlier evaluation based on females diagnosed in the 

1990’s [16]. However, sensitivity was substantially lower for every race group other than 

White. The most notable low sensitivity was 9.3% for individuals identifying as AIAN, 

meaning that among participants who self-identified as AIAN, 90.7% were coded in the 

registry to race categories other than AIAN. Because the proportion who report race as 

AIAN is higher among Hispanic than non-Hispanic individuals [32], we considered whether 

sensitivity of classification as AIAN might vary by Hispanic ethnicity. We found that 

validity of AIAN classification was poor in both Hispanic and non-Hispanic populations. 

Prior studies also found sensitivity of classification of AIAN by cancer registries to be 

poor [6-8, 14]. Our more recent data show that the situation is not improving, although the 

small sample size and large confidence intervals make it difficult to draw firm conclusions 

regarding what factors are associated with higher sensitivity for AIAN race.

While looking at the data on a case-by-case level, of those who self-reported a race other 

than White, a higher percentage of these individuals were incorrectly classified as White in 

registry records than were correctly identified. This is further evidenced by the specificity 

of 47.4% for White individuals, which is the lowest specificity seen in our results. This 

means that Utah Cancer Registry is undercounting cancer cases among AIAN, Asian, Black 

or African American, and Pacific Islander individuals, and that cancer incidence for these 

race groups in the state may be underestimated. This is further exacerbated by the results 

of our supplemental analysis which showed when individuals who self-reported more than 

one race were excluded, sensitivities for races other than White increased. From this we 

can see when individuals have only one self-reported race, the registry has more accurately 

captured their race, however when participants reported more than one race, the registry did 

not accurately reflect so. Registry variables allow registries to record up to five races per 

individual to better capture the identifies of individuals who self-identify as more than one 
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race. Our analyses confirm the importance of ascertaining whether registries are capturing 

patients’ complete racial identities.

Previous research from multi-state studies and from other state cancer registries also found 

that sensitivity is high for White individuals. Other studies have reported higher sensitivity 

for Black race than what we observed in Utah, a state in which only 1.2% of the population 

is Black or African American [6, 8, 18]. Most other studies have treated Asian and Pacific 

Islander populations as a single group. Separating these two groups is particularly important 

as the Pacific Islander community is one of the fastest growing populations in Utah [21, 

33]. We observed higher sensitivity for Asian than for Pacific Islander populations, 41% 

compared to 25%. Gomez and colleagues reported sensitivities ranging from 47% to 

81% for Asian subgroups defined by country of origin, and 74% for Pacific Islanders in 

California [14]. Other studies have reported high sensitivity for the combined Asian and 

Pacific Islander category, including 93% reported by Clegg et al [8] and 87% by Layne et al 

[6].

The Utah Cancer Registry follows a workflow that initially utilizes information abstracted 

by hospital tumor registries from medical records as the primary source of race and 

ethnicity data. If the abstract received from a hospital tumor registry does not contain 

this information, we employ additional sources including information from other clinicians, 

NHIA, NAPIIA, and linkage to death and birth certificates and IHS records to fill in missing 

race and ethnicity information. The IHS linkage process is limited as it relies on tribal 

membership status which is different from racial identity.

Because central cancer registries rely heavily on hospital tumor registries for much of their 

race and ethnicity data, the apparent lack of standardization for healthcare systems when 

collecting race and ethnicity information becomes a challenge for cancer registries. Common 

processes used by healthcare systems for determining race and ethnicity for a cancer patient 

include copying the data from other available medical documentation, inferring from the 

patient’s last name, completion at the provider’s discretion, or completion by the patient 

or relative on an intake form [6, 20, 34, 35]. To our knowledge, the most recent detailed 

research regarding the source of registry race and ethnicity data in hospitals is a study 

done in 2003 on hospitals in the greater San Francisco Bay Area. This study assessed the 

proportion of hospitals in 1994 that always collect data on race and ethnicity, finding 85% 

and 55% respectively [36]. Hospitals reported using multiple methods to obtain race data, 

the most common being patient self-report (84%), patient’s family (77%), patient’s friend 

(60%), and observing patient’s physical appearance (52%). A subsequent study by the same 

author updated statistics on the percentage of facilities reporting race and ethnicity, and 

proportion of hospitals using standardized forms to do so [34]. While the inclusion of patient 

demographic data in electronic health records as a Meaningful Use Objective may promote 

better data collection for race and ethnicity information, the Meaningful Use requirement is 

only 50% completeness [37], leaving room for improvement.

There are many valid critiques of the measurement of race and ethnicity in healthcare and 

research [38-42]. We recognize that as social constructs with fluid definitions, measurements 

of race and ethnicity are complex [43]. However, because race and Hispanic ethnicity 
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are social determinants of health that can impact patients’ experiences in receiving cancer 

care and are correlated with cancer outcomes, collection of high-quality race and ethnicity 

data will remain important for understanding cancer burden that disproportionately impacts 

communities according to these factors [3, 41, 44].

The White House Office of Management and Budget recently proposed a revision to federal 

policy regarding standards for the collection of race and ethnicity data which would merge 

race and Hispanic ethnicity into a single question/variable, and also adds a Middle Eastern 

and North African race category that did not exist previously [45]. These changes, should 

they go into effect, will impact how cancer statistics are calculated and reported in the 

future.

A limitation of this study is the small percentage of individuals from races other than White 

within the study sample. This is not inconsistent with the population data for Utah, which as 

of 2020 was comprised of 79% non-Hispanic White residents [21]. Our sample was further 

skewed toward overrepresentation of White participants as one of the surveys included in 

analysis was restricted to only three cancer sites, one of which was melanoma [30], which 

is more prevalent in White populations [1, 3, 22]. For the AIAN race group, a population of 

particular interest, our study included 43 participants self-reporting as AIAN. This is a small 

sample but is a larger AIAN sample than any prior single-state study.

This study evaluated the validity of Utah Cancer Registry’s race and ethnicity data using 

a large sample of participants. Findings showed that race identification is accurate for 

White individuals, but substantially lower for individuals of other races. These discrepancies 

could result in undercounting individuals of AIAN, Asian, Black, and Pacific Islander 

race groups. Further research is needed to understand how race and ethnicity data are 

collected in healthcare facilities, how variation in data collection practices affect the quality 

of information provided to cancer registries, and how these data can be improved.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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