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Abstract

Hepatocellular carcinoma represents a significant cause of cancer-related mortality in the United States, with notable disparities observed based on patient race/ethnicity, age, geographic region of the country, and sex.1 Liver transplant represents a curative treatment option that has demonstrated a survival benefit for early-stage HCC cases, which account for approximately 40% of liver transplants. However, access to transplant and waitlist/transplant outcomes remain inequitable. To this end, we propose a study to understand county level trends for early-stage HCC, using North American Association of Central Cancer Registries (NAACCR) to estimate incidence and Scientific Registry of Transplant Recipients (SRTR) data to model waitlisting time and transplantation rates for these patients. This study is primarily focused on identifying whether an early-stage HCC patient’s geographic location (i.e. based on county, distance from nearest transplant center, and commute time to nearest transplant center) impacts rates of transplantation, in order to better understand which areas of the country require additional outreach efforts to improve equitable access to transplant. 

Research Question	

This novel study explores the gaps in knowledge regarding county-level variation in the incidence of early-stage HCC between January 2005 and December 2018 in the US, and how these trends relate to the availability of liver transplant during this time period.

Specific Aims

· Aim 1: To examine US county-level variability in the incidence rates of early-stage (localized) HCC via the NAACCR database
· Aim 2: To examine the correlation between county-level early-stage HCC incidence and access to transplant based on county-level waitlisting and transplantation rates, as recorded in the SRTR database
· Aim 3: To identify individual- and county-level factors associated with rate of waitlisting for early-stage localized HCC 
· Sub-aim 3a: to evaluate geospatial factors including county-level rural-urban status, defined by US Department of Agriculture Rural-Urban Continuum Codes (RUCC), and distance (in miles) to nearest transplant center
· Sub-aim 3b: to evaluate county-level socioeconomic status, as defined by the Area Deprivation Index (ADI)


Background & Significance

Hepatocellular carcinoma (HCC) represents a significant cause of cancer-related mortality in the United States (US), with notable disparities observed based on patient race/ethnicity, age, geographic region, and sex.1 Recent data has suggested that HCC incidence has decreased since 2014 after steadily increasing for nearly two decades, as has mortality, which may be related to improved treatment for hepatitis B and hepatitis C virus and earlier/increased detection of localized HCC. However, these observed trends have varied based on demographic (race/ethnicity, household income, age) and geographic (including rural/urban status) factors.2,3 Furthermore, outcomes for patients with HCC are known to vary widely based upon the stage at diagnosis. Early-stage (localized) HCC represents approximately 46% of new HCC cases in the last two decades.3 Liver transplant for early-stage HCC, accounting for 40% of liver transplants as of 2017, represents a curative treatment option that has demonstrated a survival benefit for localized HCC patients.3  Yet, access to transplant and waitlist/transplant outcomes remain inequitable.4,5County-level data for incidence of and transplantation for early-stage HCC are currently lacking. We propose such a study, utilizing the North American Association of Central Cancer Registries (NAACCR) and Scientific Registry of Transplant Recipients (SRTR) data, with a focus on socioeconomic and geographic factors, to guide efforts for liver transplant outreach to improve HCC survival for patients living in underserved areas.

Study Description
This is a cross sectional study, with the aim to include all adults (18 years and older) in the US who were diagnosed with early-stage HCC between January 2005 and December 2018. The accessible population is adults in the US who have early-stage HCC and live in areas where cancer registry data is available. Patients who have higher-stage HCC at diagnosis (for whom liver transplant would not represent definitive management with curative intent), those who live outside the US, and those who are younger than 18 years at diagnosis will be excluded from this study. Patients will not be recruited for this study; rather, information will be collected via review of registry data.
Given substantial variability in county size, estimates from smaller counties with low population density and fewer HCC instances may be less reliable. Estimating distances or using county-level SES indices to approximate individual SES may lead to bias. We expect that the results of this study will be generalizable within the US, as these datasets include individuals from across the nation. 

Variables

We will use NAACCR data to estimate the county-level incidence of localized HCC. The outcome variables of interest will include county-level rates of 1) waitlisting and 2) liver transplantation for early-stage HCC. We will use SRTR data to identify county-level rates of waitlisting and transplantation for early-stage HCC, defined, respectively, as the number of patients waitlisted for early-stage HCC and the number of transplants for early-stage HCC over the number of early-stage HCC cases. 

There will be several predictor variables of interest, as this is an exploratory study of national-level trends. Primarily, we believe that county-level geospatial (e.g., patient’s county of residence, rural/urban designation, and commute time/distance to transplant center) and socioeconomic factors will be key predictors of access to liver transplant. We will assess rural/urban designation using the US Department of Agriculture Rural-Urban Continuum Codes (RUCCs, also known as Beale codes). Distance and commute time to the nearest transplant center from the centroid of counties will be measured using Google Maps (Google, Inc., Mountain View, CA). We will use the validated ADI tool to determine county-level socioeconomic status (SES).6 We will use multilevel Poisson regression to examine the association of individual-level (e.g., age, sex, race/ethnicity) and county-level geospatial and socioeconomic factors (e.g., RUCC, commute time, ADI) with rates of waitlisting and transplantation for localized HCC. 

Random error will be introduced based on the ways in which different registries report data for each person. We will attempt to use only variables that have been coded in a standardized fashion across the different registries. To reduce systematic error, we will only use commute time from the centroid of a county to the nearest transplant center, as opposed to commute time from individual zip codes. This will standardize the way in which distance to transplant center is measured for a given county, as zip code may be too wide of an index to use for distance measurements.
Sample Size/ Statistical Analyses
We hypothesize that, among patients in the US with localized HCC, there is a significant association between geographic location and rate of liver transplantation; specifically, we believe the primary predictor variable will be an early-stage HCC patient’s county of residence. We believe certain areas of the country, particularly rural areas and those with a lower density of transplant centers, will have lower rates of liver transplant; to this end, we will perform sub-analyses based on commute time and distance to the nearest transplant center, as well as RUCCs. The primary outcome is liver transplantation. The null hypothesis is that there is no association between county-level geographic location and rate of liver transplant. The alternative hypothesis is that there is an association between county-level geographic location and rate of liver transplant. 

Since this study is a descriptive study, we will calculate the sample size required for a descriptive study of a dichotomous outcome variable, wherein the expected proportion represents the fraction of people with early-stage HCC who underwent liver transplant. We have estimated this based on data from HCC cases in 12 US states between 1987 and 2017.3 During this time period, 129,487 individuals were diagnosed with HCC, among which 59,481 had localized HCC. Among those diagnosed with localized HCC during 1987-2017, 14,733 (24.8%) underwent liver transplant.3 The total number of liver transplants and the proportion of HCC-related transplants have been increasing, with the latter rising from 6.7% in 2001 to 40.0% in 2017.3 Conservatively, using these reported values, we estimate that 25% of individuals diagnosed with early-stage HCC between 2005 and 2019 underwent liver transplant, though the true proportion may be higher, as rates of liver transplant have increased over time for early-stage HCC. Assuming an estimated proportion of 0.25 (25%) for rate of liver transplant, a total confidence interval width of 0.01 (based on the above noted average 2% increase per year in liver transplant rates for HCC-related cases) for the confidence interval, and a standard 95% confidence interval, a sample size of 29,014 individuals are needed. This should be easily attained within our population of interest over the 15-year study period. Given there were 129,487 new HCC cases in 12 states between 1987 and 2017, with early-stage HCC representing 46% of cases in the last two decades,3 we would expect at least 59,564 individuals with early-stage HCC over this 20-year period.
Potential confounders include socioeconomic status, as access to liver transplant has been shown to influence access to liver transplant.7 We will conduct multivariable analyses as described above to determine if disparities still persist based on geographic location of patients once SES is accounted for using the ADI metric as well as race/ethnicity, household income, and highest level of education.
Ethical Considerations
Since this study is a retrospective analysis of patients, there are not ethical considerations in terms of “picking” patients for control or experimental arms as in clinical trials. However, liver transplantation is an ethically challenging process, as patients have to be selected for transplant based on personal characteristics, including medical comorbidities, social context, and factors such as insurance status. Prior work has also demonstrated that patients with public insurance were associated with worse waitlist outcomes compared to those with private insurance.8 For this reason, we will also attempt to use SRTR data for insurance status to identify whether these trends which had previously been identified also correspond to the geographic distribution of early-stage HCC cases in the US. We have also attempted to mitigate exclusion of patients by capturing data from the entire US from NAACCR, so patients are accounted for regardless of whether or not they were actually listed for transplant. This study is focused on improving equity and access to transplant by identifying any and all factors that contribute to differential access to transplant.
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