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Background: Disparities in hepatocellular carcinoma (HCC) have been partly attributed to low
socioeconomic status among minorities. We investigated associations between race, socioeco-
nomic characteristics, geographic characteristics and survival in HCC patients in Florida.
Methods: Using the Florida Cancer Data System (FCDS), we analyzed HCC cases diag-
nosed between 1/1/2004 and 12/31/2013. To ascertain population-level socioeconomic char-
acteristics, we linked FCDS to the 2010-2014 US Census American Community Survey and
the 2013 Florida Behavioral Risk Factor Surveillance System. We also estimated patient
distance to liver transplant and academic cancer centers. Using Cox proportional hazards, we
modeled the association between race and survival.

Results: Of 10,852 patients, 13.1% were Black, 67.1% White, 15.7% Hispanic, and 3.2%
Asian. At diagnosis, Blacks were younger with more extensive disease, p <0.001. Transplants
were performed in 9.3% of Hispanics, 7.5% of Whites, 5.8% of Asians and 4.2% of Blacks,
p <0.001. Median survival was longest in Hispanics and shortest in Blacks, p<0.001 When
adjusted for gender, age, payer, SEER stage, surgery type, and receipt of treatment, Blacks had a
17% increased risk of death [hazard ratio (HR) 1.17, 95% confidence interval (CI) 1.07-1.29]
and Whites a 9% increased risk of death [HR 1.09, 95% CI 1.02—1.17] compared to Hispanics.
As a group, Hispanics lived closest to any transplant or academic cancer center, p <0.001.
Neighborhood poverty level was highest where Hispanic patients lived, p <0.001.
Conclusion: Though socioeconomic differences may contribute to disparities, Hispanics
survived longer than Blacks and Whites in Florida despite living in the most socioeconomi-
cally depressed neighborhoods. Increased access to transplant likely contributed to improved
survival. Additional research is needed to identify which individual socioeconomic and
geographic determinants contribute most to disparities.

Keywords: racial disparities, hepatocellular carcinoma, geographic disparities

Introduction
Over the past three decades, the incidence of hepatocellular carcinoma (HCC) has
risen dramatically in the United States (US)." In 2012, nearly 25,000 new cases
were diagnosed.” The Surveillance, Epidemiology, and End Results (SEER)
Program estimates that over 42,000 persons will be diagnosed with liver cancer/
intrahepatic bile duct cancer in 2019;* approximately 75% of those cases represent
HCC.* Although HCC ranks 13th in the number of new cancers each year in the
US, it is the 5th leading cause of cancer death® and the fastest-growing cause of
cancer-related death among men.’

Increases in HCC incidence vary by race; incidence rose faster among Blacks
and Hispanics than non-Hispanic Whites™® with HCC risk highest in Hispanics.”’
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Significant racial disparities in HCC surveillance® may
contribute to the observation that Blacks more often pre-
sent with late-stage cancer compared to other races.” '
Adjusted for stage at presentation and severity of liver
disease, Blacks are least likely to receive treatment for
HCC and have the lowest survival.”'®'*!> The etiology
of chronic liver disease (CLD) causing HCC differs by
race, which may confer increased risk for HCC.'*!"
However, there is little evidence that HCC survival differ-
ences are driven primarily by race as a biological factor.
Rather, sociodemographic implications of race such as
area socioeconomic deprivation, lack of insurance and/or
access to specialized care, including transplant, are major
determinants of survival.'>'®

Geographic differences in disease etiology and practice
patterns may influence HCC incidence and survival.>'®!”
Through retrospective analysis of our local registry com-
bined with chart review, we identified significant racial dif-
ferences in HCC survival.? In the study described herein, we
aimed to evaluate whether the same trends observed locally
would be present throughout the state. Florida is the third-
most populous state with the fourth-highest number of HCC
cases.” The rich diversity of Florida’s population, enhanced
by a large immigrant population, allows for the evaluation of
multiple determinants of survival. Few studies have investi-
gated how geography'® or neighborhood socioeconomic sta-
tus (SES), which vary significantly by race, influence HCC
survival on a population level. This study explores the asso-
ciation between race, geography, individual- and neighbor-
hood-level socioeconomic factors and in that context,
evaluates how race impacts HCC survival.

Materials And Methods

Study Cohort

We analyzed the Florida Cancer Data System (FCDS) for
incident HCC cases diagnosed from 1/1/2004 to 12/31/2013.
Cancers of the liver and intrahepatic bile ducts are combined
in FCDS using International Classification of Disease Code-
10, C22.0, n=14,017. We included only HCC cases, defined
by International Classification of Diseases for Oncology
ICD-0-3 codes 8170-8179,n=10,891. After removing dupli-
cates, the sample size was 10,852 (Figure 1).

Variables And Data Source

The FCDS is a statewide, population-based cancer incidence
registry created in 1978 by the State of Florida Department of
Health (DOH) and is operated by Sylvester Comprehensive

Liver Cancer
ICD-10 C22.0

n=14,017

Excluded

* Hepatoblastoma, n =74

* Giant/Spindle Cell, n = 15

* Malignant Neoplasm NOS, n = 1,445

* Carcinoma NOS and Neuroendocrine, n =348
* Adenocarcinoma NOS, n = 449

* Cholangiocarcinoma, n = 402

* Mixed HCC/Cholangiocarcinoma, n = 160
* Hemangiosarcoma, n =21,

* Hemangioendothelioma, n =21

* Other,n=191

ICD-0-3 8170-8179
n=10,891

I Duplicate ID Number
| n=39

Final Sample

n=10,852

Figure | Study flow diagram.

Abbreviations: ICD-10, ICD-0O-3,
International Classification of Diseases for Oncology; NOS, not otherwise
specified.

‘ Hepatocellular Carcinoma ’

International Classification of Disease;

Cancer Center (SCCC) at the University of Miami Miller
School of Medicine (UMMSM) with support from the
Florida DOH,
Prevention (CDC) and the National Program for Cancer
Registries. The FCDS collects over 98% of all incident
cancers in Florida and performs passive follow-up of patient

the Centers for Disease Control and

status annually through a series of linkages with the State of
Florida Bureau of Vital Statistics and the National Death
Index." The registry contains demographics, tumor and
treatment characteristics. Race and ethnicity are defined by
North American Association of Central Cancer Registries
criteria. In the FCDS, nearly 98% of hepatocellular carci-
noma (HCC) cases were reported by hospitals or managed
care plans with comprehensive-unified medical records.
Other sources were radiation treatment centers, medical
oncology centers, laboratory centers, private physician
offices, nursing homes, hospice facilities, autopsy (<0.1%)
and outpatient hospital settings or ambulatory surgery cen-
ters. In <1%, the diagnosis was made on clinical grounds
alone; for <1%, the death certificate was the only confirma-
tion of diagnosis. Diagnosis was confirmed by histology in
78.9%, cytology in 2.2%, laboratory test in 3.5%, and ima-
ging without microscopic confirmation in 13.7%. The FCDS
also contains geographic variables, e.g. zip code, county and
census tract. Zip code was missing in 10 persons (<0.1%).

US Census American Community Survey

(ACS) — Selected Economic Characteristics
To evaluate racial differences in neighborhood SES, we
linked FCDS to the 2010-2014 US Census American
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Community Survey (ACS) — Selected Economic
Characteristics database using 2010 census tracts. Census
tract was missing in only 137 (1.3%). Response rates for
ACS ranged from 90.8% to 98.9% during the years 2010
through 2014.2° The ACS, an ongoing survey administered
by the US Census Bureau, collects information on eco-
nomic characteristics and aggregates data by geographic
units of varying size, ranging from national data (largest
unit) to census block (smallest unit). To ascertain neigh-
borhood-level socioeconomic characteristics, we linked
FCDS to ACS by census tract, an established geographic
unit designed to be “as homogeneous as possible with
respect to population characteristics, economic status,
and living conditions.”*' Therefore, the socioeconomic
characteristics of the individual should closely resemble
that of the group. Although ACS data is also aggregated
by zip code and county, these geographic units cover
larger, more heterogeneous populations and can present a
skewed assessment of socioeconomic characteristics.”**>
We used 5-year estimates as these are most reliable.”* The
coverage rate of ACS in Florida during 2010-2014 period
ranged from 97.6% in 2010 to 98.9% in 2013. For ACS
variables reported as the percentage of respondents, we
report the median percentage and interquartile range. We
included those variables which reflect the economic health
of a community, such as the percentage of families living
below the poverty level and the percentage of those unin-
sured or unemployed.

Behavioral Risk Factor Surveillance
System (BRFSS)

To approximate access to cancer-specific preventative ser-
vices on a county level, we linked FCDS to the 2013 CDC
Florida Behavioral Risk Factor Surveillance System
(BRFSS),”> a telephone survey which collects self-
reported data regarding health-related behaviors, chronic
health conditions, use of preventative services, access to
care and health-related quality of life.>**” Of those eligible
respondents who were contacted, 57.1% (landline) and
65% (cell phone) cooperated with the survey, consistent
with participation rates for other national telephone sur-
veys. Approximately 34,000 persons completed inter-
views. Florida has participated in BRFSS since 1986 and
periodically publishes county-level reports. The response
rate is the number of respondents who completed the
survey as a proportion of all eligible and likely-eligible
persons. The median survey response rate for all states,

territories and Washington, DC, in 2013 was 46.4%, and
ranged from 20.9% to 60.3%. The combined response rate
for Florida BRFSS in 2013 was 35.2%. For detailed infor-
mation, see the BRFSS Summary Data Quality Report.”®

Disparities are not mediated by individual-level deter-
minants alone; therefore, assessment of population-level
characteristics may provide insight that informs future
interventions. Most variables in BRFSS are reported as
the percentage of adults who have a chronic condition,
e.g. high cholesterol, or the percentage of adults who have
received a screening test for cancer, e.g. adults 50 years of
age or older with a stool blood test in the past year. For
BRFSS variables, we report the median with interquartile
range. To evaluate for population differences in the burden
of common chronic diseases, we included variables report-
ing the percentage of persons with high cholesterol, dia-
betes or obesity. Prevalence rates are adjusted or
“weighted” by the Centers for Disease Control and
Prevention (CDC).* Health behaviors, such as current or
heavy alcohol use, may influence HCC incidence and
survival. Thus, we included variables for smoking and
binge or heavy alcohol use. We report the median percen-
tage of adults who report poor health and the median
number of days per month where health interferes with
regular activity as proxies for health-related quality of
life.*>° Finally, we report on receipt of age-appropriate
cancer screening (pap smear, stool test, colonoscopy, and
mammogram), which may approximate access to care and
screening, the latter of which is critically important for
early diagnosis of HCC.

Distance To Academic Cancer Centers

And Liver Transplant Centers

We used CDXZipStream™ to calculate straight-line distance
between zip code at diagnosis and the three Florida academic
cancer centers: SCCC (Miami), University of Florida Health
Cancer Center (Gainesville), and Moffitt Cancer Center
(Tampa). Similarly, we also estimated distance to the seven
active liver transplant programs in Florida.’' We estimated
Euclidean (straight-line) distance in miles rather than travel
distance, which is affected by wvariables not included
in FCDS, such as access to personal transportation and
rurality.*? Straight-line distance correlates significantly with
travel distance and travel time.>*** Zip code centroids were
used to calculate distance rather than census tract centroids, a
smaller geographic unit, due to ease of calculation using zip
code compared to census tract with commercially available
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programs such as CDXZipStream™, ArcGIS, and Google
Maps. Additionally, both census tracts and zip codes may
cover non-contiguous geographic areas and thus may be
prone to similar distance calculation errors.

Outcomes

The primary outcome variable was survival after HCC
diagnosis, measured as the difference in days between
diagnosis date and date of death or last follow-up, if
alive. Participating institutions perform chart review to
determine the date of last follow-up or death. This data
is reported to FCDS and is supplemented by the FCDS
mortality file, which is linked with incidence data and is
based on data from the State of Florida Bureau of Vital
Statistics and the National Death Index.

Statistical Analysis

Categorical variables were expressed using proportions
and continuous variables using median and interquartile
range (IQR). We identified associations between baseline
characteristics, race and vital status using Wilcoxon rank-
sum and Kruskal-Wallis tests for continuous and Pearson’s
chi-square for categorical variables. We assessed interac-
tion with multiple degree-of-freedom likelihood ratio tests.
A priori, we included age at diagnosis, gender and tumor
stage in the multivariate model as confounders based on
clinical reasoning and published data.” We included poten-
tial confounders in the multivariate model, if p <0.10 in
bivariate analysis and eliminated confounders via hierarch-
ical backwards elimination strategy using a change in
estimate approach (<10%). We determined crude and
adjusted hazard ratios (HR) for mortality using Cox pro-
portional hazards modeling with a robust standard error
correction to adjust for geographic clustering. Receipt of
multiple procedures is common in HCC care. Although
FCDS provides information about the date of surgery; the
chronology of surgical procedures in persons who have
received more than one surgical procedure cannot be
established through analysis of the cancer registry.
Therefore, patients who received transplant were not cen-
sored at the time of transplant.

We addressed missing data by categorizing continuous
variables and adding a category for unknown data. We
compared these results to those obtained from multivariate
models with multiple imputation. Kaplan-Meier survival
curves were generated and the log-rank test was used to
compare groups. For multivariate analyses, two-sided
p-values <0.05 were considered statistically significant.

Analyses were performed using Stata version 14.2
(College Station, TX). The data accessed are not freely
available, but can be requested through The Florida
Cancer Data System. (https://fcds.med.miami.edu/inc/

datarequest.shtml). This project was approved by the
University of Miami Miller School of Medicine
Institutional Review Board (IRB # 2014-08-UM).

Results

Overall Sample
The sample was predominantly male, 77.4%. Median age
at diagnosis was 63 years. Median size of the largest tumor
was 49 mm and cancer stage, defined by SEER Summary
Tumor Stage 2000, was localized in 44.1%, regional with
direct extension and/or lymph node involvement in 26%,
distant in 14.9%, and unstaged in 15%. Metastases were
present at diagnosis in 14.3%. Alpha-fetoprotein (AFP)
was borderline or elevated in 81.1% of patients for
whom it was reported, ~30% of the sample. Ishak fibrosis
score was reported in 4.8% of the sample; 67.9% had
severe fibrosis or cirrhosis (Ishak 5-6). See Table 1.
Surgery and/or local destruction was performed in
21.7% of patients; 593 patients had radiofrequency abla-
tion (RFA), 150 patients had non-RFA local destruction.
Transplant was performed in 784 patients, 7.2%, and 722
patients, 6.7%, had resection. While radiotherapy (external
beam radiation, implants and isotopes) was utilized infre-
quently, chemotherapy was administered to 32.5%. As in
other cancer registries, e.g. SEER,*> chemoembolization is
coded as chemotherapy in FCDS.*® Median time to first
treatment was 37 days. In 14.3% of the sample, “No
Evidence of Disease” (NED) was achieved. In those
alive at follow-up, mean time followed was 233 days
(Range 0-3805 days). In those deceased, median time
followed was 132 days (Range 0-3354 days). Median
survival was 169 days; 52% of the sample was alive at 1
year, 39% was alive at 3 years, and 36.4% was alive at 5
years.

Baseline Characteristics Stratified By

Race

Blacks were youngest at diagnosis, median age was 59 years,
compared to 63 years in Whites, Asians, and others, and 64
years in Hispanics, p <0.001. More Blacks and Asians,
11.6%, were uninsured compared to Whites, Hispanics, and
others, p <0.001. Asians and Blacks had significantly larger
tumors; median size of the largest tumor was 60 mm in
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Table | Baseline Characteristics Of The Overall Sample And The Sample Stratified By Race
Overall Stratified By Race
(n = 10852)
Black White Hispanic Asian Other p value?
(n = 1420) (n =7282) (n =1708) (n = 346) (n =96)
Male, n (%)* 8388 1065 5782 1229 243 69 <0.001
(77.4) (75) (79.5) (72) (70.2) (73.4)
Age at Diagnosis, years 63 59 63 64 63 63 <0.001
Median (IQR) (56-73) (53-66) (56-73) (57-74) (55-72) (55.5-73)
Payer, n (%)
Medicaid 1285 (11.8) 301 (21.2) 679 (9.3) 255 (14.9) 43 (12.4) 7 (7.3) <0.001
Private 2425 (22.4) 318 (22.4) 1627 (22.3) 355 (20.8) 94 (27.2) 31 (32.3)
Medicare 4999 (46.1) 464 (32.7) 3599 (49.4) 775 (45.4) 121 (35) 40 (41.7)
Uninsured 805 (7.4) 165 (11.6) 455 (6.3) 138 (8.1) 40 (11.6) 7(73)
Military/Tricare 101 (0.9) 14 (1) 64 (0.9) 10 (0.6) 11 (3.2) 2 (2.1)
VA 196 (1.8) 34 (24) 137 (1.9) 24 (1.4) 0 (1)
IPHS 43 (0.4) 12 (0.9) 21 (0.3) 7 (04) 3(0.9) 0
Insurance NOS 638 (5.9) 74 (5.2) 456 (6.3) 85 (5) 20 (5.8) 33.0)
Unknown 360 (3.3) 38 (2.7) 244 (3.4) 59 (3.5) 14 (4.1) 5(5.2)
Married, n (%) 5624 (51.8) 518 (36.5) 3916 (53.8) 903 (52.9) 245 (70.8) 42 (43.8) <0.001
Current Tobacco, n (%) 2277 (21) 339 (23.9) 1628 (22.4) 255 (14.9) 4 (12.1) 13 (13.5) <0.001
Tumor Size, mm 49 (30-80) 54 (32-90) 47 (30-78) 48 (30-74) 60 (35-95) 42 (26-65) <0.001
Median (IQR)
Tumor Grade, n (%)
Grade | (Well) 1909 (17.6) 218 (15.4) 1333 (18.3) 282 (16.5) 60 (17.3) 16 (16.7) 0.001
Grade Il (Moderately) 1778 (16.4) 211 (14.9) 1237 (17) 254 (14.9) 64 (18.5) 12 (12.5)
Grade lll (Poorly) 860 (7.9) 153 (10.8) 542 (7.4) 124 (7.3) 34 (9.8) 7(73)
Grade IV (Undifferentiated) 82 (0.8) 10 (0.7) 54 (0.7) 14 (0.8) 3(0.9) ()
Unknown 6223 (57.3) 828 (58.3) 4116 (56.5) 1034 (60.5) 185 (53.5) 60 (62.5)
SEER Stage 2000 n (%)
Localized 4785(44.1) 532 (37.5) 3264 (44.8) 774 (45.3) 166 (48) 49 (51) <0.001
Regional-direct extension 2391 (22) 346 (24.4) 1594 (21.9) 368 (21.6) 69 (20) 14 (14.6)
Regional-lymph nodes only 216 (2) 33 (23) 144 (2) 38 (2.2) 1 (0.3) 0
Regional-direct + lymph nodes 218 (2) 29 (2) 150 (2.1) 33 (1.9) 4(1.2) 2 (2.1)
Distant 1614 (14.9) 257 (18.1) 1038 (14.3) 254 (14.9) 55 (15.9) 10 (10.4)
Unstaged 1628 (15) 223 (15.7) 1092 (15) 241 (14.1) 51 (14.7) 21 (21.9)
Metastasis at Diagnosis, n (%)
None 7975 (73.5) 993 (69.9) 5425 (74.5) 1248 (73.1) 238 (68.8) 71 (74) 0.01
Distant 1540 (14.2) 240 (16.9) 990 (13.6) 245 (14.3) 55 (15.9) 10 (10.4)
Periduodenal 16 (0.2) 5(04) 8 (0.1) 3(02) 0 0
Unknown 1321 (12.2) 182 (12.8) 859 (11.8) 212 (12.4) 53 (15.3) 15 (15.6)
AFP at Diagnosis, n (%)
Elevated 2530 (23.3) 409 (28.8) 1580 (21.7) 427 (25) 94 (27.2) 20 (20.8) <0.001
Normal 589 (5.4) 59 (4.2) 435 (6) 72 (4.2) 19 (5.5) 4(42)
Borderline 13 (0.1) 0 10 (0.1) 2 (0.1) 1 (0.3) 0
Unknown 7720 (71.1) 952 (67) 5257 (72.2) 1207 (70.7) 232 (67.1) 72 (75)
(Continued)
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Table | (Continued).

Overall Stratified By Race
(n = 10852)
Black White Hispanic Asian Other p value?
(n = 1420) (n =7282) (n =1708) (n = 346) (n =96)

Surgery Performed, n (%)

None 8402 (77.4) 1174 (82.7) 5639 (77.4) 1262 (73.9) 255 (73.7) 72 (75) <0.001

RFA 593 (5.5) 53 (3.7) 381 (5.2) 136 (8) 17 (4.9) 6 (6.3)

Local destruction, not RFA 150 (1.4) 19 (1.3) 102 (1.4) 25 (1.5) 2 (0.6) 2 (2.1)

Resection 722 (6.7) 92 (6.5) 493 (6.8) 88 (5.2) 41 (11.9) 8 (8.3)

Hepatectomy NOS 58 (0.5) 8 (0.6) 37 (0.5) 7 (0.4) 4(1.2) 2 (2.1)

Transplant 784 (7.2) 57 (4) 544 (7.5) 158 (9.3) 20 (5.8) 5(5.2)

Bile duct excision * 5(0.1) 0 3 (0.04) 1 (0.1) 1 (0.3) 0

hepatectomy* 34 (0.3) 2 (0.1) 19 (0.3) 9 (0.5) 3 (0.9) I(1)

Surgery NOS 104 (1) 15 (1.1) 64 (0.9) 22 (1.3) 3 (0.9 0

Unknown
Time to 1°¢ surgery, days 43 39 47 39 335 42.5 0.19
Median (IQR) (5-88.5) (1-82) (9-90) (0-86) (5-74) (0.5-94.5)
Chemotherapy, n (%) 3529 (32.5) 452 (31.8) 2365 (32.5) 562 (32.9) 112 (324) 38 (39.6) 0.63
Radiation, n (%) 659 (6.1) 72 (5.1) 488 (6.7) 70 (4.1) 26 (7.5) 3@3.0) 0.01
Treatment Status, n (%)

No treatment given 1893 (17.4) 279 (19.7) 1255 (17.2) 307 (18) 41 (11.9) 11 (11.5) <0.001

Treatment given 5909 (54.5) 703 (49.5) 3976 (54.6) 961 (56.3) 209 (60.4) 60 (62.5)

Active surveillance 62 (0.6) 9 (0.6) 42 (0.6) 9.7 (0.4) 3 (0.9) 2(2.1)

Unknown 2988 (27.5) 429 (30.2) 2009 (27.6) 434 (254) 93 (26.9) 23 (24)
Time to Treatment, days 37 (14-69) 35 (11-71) 39 (16-69) 35 (11-71) 29 (8-59.5) 25 (7-60) 0.02
Median (IQR)
No evidence of cancer, n (%) 1549 (14.3) 137 (9.7%) 1072 (14.7%) 259 (15.2%) 62 (17.9%) 19 (19.8%) <0.001
Alive at | Year, n (%) 5639 (52%) 647 (45.6%) 3790 (52.1%) 946 (55.4%) 201 (58.1%) 55 (57.3%) <0.001
Alive at 3 Years, n (%) 4227 (39) 487 (34.3%) 2856 (39.2%) 668 (39.1%) 166 (48%) 50 (52.1%) <0.001
Alive at 5 Years, n (%) 3945 (36.4) 450 (31.7%) 2655 (36.5%) 631 (36.9%) 160 (46.2%) 49 (51%) <0.001
Alive at 10 Years, n (%) 3854 (35.5) 443 (31.2%) 2587 (35.5%) 618 (36.2%) 158 (45.7%) 48 (50%) <0.001
Survival, days 169 (54-442) 136 (43-370) 171 (55-442) 208 (63-518) 158 (57-427) 136 (33-284) <0.001
Median (IQR)
Birth Continent, n (%)

North America 3582 (33) 503 (35.4) 2879 (39.5) 152 (8.9) 34 (9.8) 14 (14.6)

Caribbean 741 (6.8) 188 (13.2) 26 (0.4) 521 (30.5) 2 (0.6) 4 (4.2)

Central America 86 (0.8) 7 (0.5) 4 (0.1) 74 (4.3) 1 (0.3) 0

South America 140 (1.3) 6 (0.4) 13 (0.2) 120 (7) 1 (0.3) 0 <0.001

Europe 133 (1.2) 1 (0.1) 123 (1.7) 8 (0.5) 0 1 (1)

Africa 14 (0.1) 5(0.4) 5(0.1) 0 0 4 (42)

Asia 216 (2) 1 (0.1) 26 (0.4) 1 (0.1) 180 (52) 8 (8.3)

Australia 4 (0.04) 0 4 (0.1) 0 0 0

Unreported 5936 (54.7) 709 (49.9) 4202 (57.7) 832 (48.7) 128 (37) 65 (67.7)

Notes: TPercentages based on respondents with non-missing data. *p-values calculated using Wilcoxon rank-sum and Kruskal-Wallis tests for continuous variables and Pearson’s chi-square
for categorical variables. * Bile duct excision * hepatectomy is another way to code transplant, however since we cannot confirm that these persons received transplant, the data are provided

separately.

Abbreviations: AFP, alpha-fetoprotein; IPHS, Indian Public Health Service; IQR, interquartile range, mm = millimeter; NOS, not otherwise specified; RFA, Radiofrequency

ablation; SEER, Surveillance, Epidemiology, and End Results Program; VA, Veteran’s Administration.
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Asians, 54 mm in Blacks, 48 mm in Hispanics, 47 mm in
Whites and 42 mm in others, p <0.001. More Blacks had
distant disease; only 37.5% of Blacks presented with loca-
lized disease, compared to 44.8% of Whites, 45.3% of
Hispanics, 48% of Asians, and 51% of others, p <0.001.

There were no significant racial differences in receipt
of chemotherapy or radiotherapy. Transplant was per-
formed in 9.3% of Hispanics, 7.5% of Whites, 5.8% of
Asians, 5.2% of others and 4% of Blacks, p <0.001.
Resection was performed more frequently in Asians and
RFA more frequently in Hispanics. Median survival was
136 days in Blacks, 158 days in Asians, 171 days in
Whites and 208 days in Hispanics, p <0.001. One-year
survival was 45.6% in Blacks, 52% in Whites, 55.4% in
Hispanics, 57.3% in others, and 58.1% in Asians,
p <0.001. Five-year survival was 31.7% in Blacks,
36.5% in Whites, 36.9% in Hispanics, 46.2% in Asians
and 51% in others, p <0.001.

Sociodemographic And Behavioral

Characteristics

Using the 2010-2014 US Census ACS — Selected Economic
Characteristics, we investigated neighborhood economic
characteristics. Neighborhood poverty, defined as the percen-
tage of families and people whose income in the past 12
months was below poverty level, was highest in the census
tracts where Hispanic HCC patients lived, 11.9%, followed
by Blacks, 11.1%, Asians, 10.7%, and Whites, 10.4%,
p <0.001. Similarly, Hispanics lived in neighborhoods with
the most uninsured persons. Mean household income was
lowest where Hispanics lived compared to other races,
p <0.001. Unemployment was similar regardless of race.
Although most lived in urban areas, this varied by race.

We linked FCDS to the 2013 CDC Florida BRFSS?’ to
obtain county-level data on use of preventative services,
community burden of chronic disease, and aggregate
health behaviors, which could influence HCC risk. There
were no significant differences in self-report of heavy or
binge alcohol use. Receipt of age-appropriate cancer
screening may approximate access to care on a population
level. In the counties where Hispanic HCC patients lived,
more women reported mammograms in the past year,
64%, compared to 58.5% of women where Blacks lived,
57.4% where Whites lived, and 56.9% in where Asians
lived, p <0.001. The counties where Whites lived had the
lowest percentage of women reporting Papanicolau tests in
the past year, 51.7%. Although Hispanics lived in counties

with the highest rates of stool testing for colorectal cancer
screening, Whites lived in counties with the highest colo-
noscopy rates, p <0.001. The percentage of persons report-
ing cancer screening via Pap smear, mammogram and
colonoscopy in Florida was consistent with national
averages.”’ See Table 2 for details.

Geographic Access To Specialty Care

Having noted significant racial differences in receipt of trans-
plant, we calculated the distance between zip code at diagnosis
and the seven liver transplant programs in Florida. Hispanics
lived closest to any liver transplant program, 10.6 miles, com-
pared to 14.3 miles in Blacks, 15.2 miles in Asians, 18.3 miles
in others, and 29.7 miles in Whites, p <0.001. Over 80% of the
sample lived within 60 miles of a liver transplant program
(Supplementary Table 1). Distance from a transplant center

was not significantly different when stratified by mortality.
Hispanics also lived closest to an academic cancer center,
16.3 miles, compared to 35.9 in others, 39.4 in Blacks, 54.3
in Asians and 56.9 in Whites, p <0.001. Over 50% lived within
60 miles of an academic cancer center. See Figure 2 for a
graphical representation of HCC burden within Florida.

Factors Associated With HCC Survival

At study end, 6999 were deceased, median survival 169 days,
and 3853 were alive, median survival 233 days, p <0.001.
Deceased subjects were older at diagnosis, median age 64
years, compared to 62 years in those alive. They also pre-
sented at more advanced cancer stage; tumor stage was
localized in 57.7% of those alive compared to 36.6% of
those deceased, p <0.001. Distant metastases were present
in 17.7% of those deceased vs 7.8% of those alive, p <0.001.
Liver transplant was performed in 15.2% of those alive,
compared to 2.8% of those who died, p <0.001.

Using Cox modeling, we found that older age at diagnosis,
male gender, lack of insurance, current tobacco use, larger
tumor size, and advanced SEER tumor stage were negatively
associated with survival. Hispanic ethnicity, receipt of surgery
or other treatment was protective. As Hispanics had the longest
survival, they were used as the referent group in univariate and
multivariate modeling. Compared to Hispanics, Whites had a
7% increased rate of death, hazard ratio (HR) 1.07, 95%
confidence interval (CI) 1-1.14, p 0.04, and Blacks had a
29% increased rate of death, HR 1.29, 95% CI 1.18-14, p
<0.001. When adjusted for gender, age, payer, SEER stage,
surgery type, and receipt of treatment, Whites had 9%
increased rate of death, HR 1.09, 95% CI 1.02—-1.17, p 0.02
and Blacks had 17% increased rate of death, HR 1.17, 95% CI
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Table 2 Selected Population Characteristics Of The Overall Sample And The Sample Stratified By Race

Behavioral Risk Factor Surveillance System (BRFSS)

Overall Black White Hispanic Asian Other p
(n =10852) (n = 1420) (n = 7282) (n=1708) (n = 346) (n=96) value

% with high cholesterol® 336 33.1 362 27.8 332 334 <0.001
(28.4-38.2) (27.8-37.1) (30.4-38.4) (27.8-33.4) (28.4-37.4) (28.4-37.7)

% with prediabetes 72 77 7.6 4.7 78 7 <0.001
(5.6-8.6) (4.7-8.6) (6.8-8.6) (4.7-7.8) (6.9-8.6) (5.9-8.6)

% with diabetes 11 10.7 11 89 10.7 1.5 <0.001
(9.7-12.4) (8.9-12.4) (9.8-12.4) (8.9-11) (9.7-12.4) (9.7-12.4)

% of diabetics with diabetes 47.9 46.6 50.6 396 47.9 46.2 <0.001

education (44.3-54.4) (44.3-56) (45.2-55.7) (35.9-46.6) (45.2-54.4) (42-54.3)

% overweight 36.2 36.2 35.7 39.8 36.2% 36.6 <0.001
(34.7-38.6) (34.8-39.8) (34.6-38) (36.2-39.8) (34.8-38.2) (34.8-38.2)

% obese 256 258 258 238 25.6 258 <0.001
(24.1-29.3) (23.8-29.3) (24.4-29.3) (23.8-25.8) (24.1-29.2) (24.1-29.3)

% healthy weight 35.1 35 358 35 358 35 <0.001
(32.7-36.8) (31-36.8) (31.6-36.8) (35-35.8) (32.7-36.8) (31-36.8)

% binge or heavy alcohol 18 18.2 17.5 18.2 18.2 17.8 <0.001
(15.3-19) (15.4-19) (15.1-19.2) (17-18.2) (15.3-19.6) (15.3-19)

% who currently smoke 17.9 16 18.2 14 18.1 18.2 <0.001
(14-19.4) (14-18.2) (14-19.5) (14-18.2) (14-19.4) (14-19.4)

% mammogram in past year 58.5 58.5 574 64 56.9 57.4 <0.001
(52.6-62.7) (52.8-64) (51.6-62) (53-64) (52.6-61.4) (52.6-62.4)

% pap smear in past year 52.1 53.8 51.7 53.8 53.8 51.7 <0.001
(47.5-55.2) (51.4-56.2) (47-55.2) (51.4-53.8) (50.2-55.5) (47-54.7)

% with stool test in past year 13.6 12.9 13.4 16.9 12.3 14.1 <0.001
(10.8-16.9) (8.9-16.9) (10.8-16.9) (12-16.9) (8.9-16.9) (12-16.9)

% with colonoscopy in past 5 years | 54.6 53.7 55.8 50.7 53.7 53.7 <0.001
(51.2-59.4) (50.7-60.3) (53.4-59.7) (50.7-53.7) (51-59.4) (51.2-57.1)

% in poor health 14.2 142 14.1 155 13.4 142 <0.001
(12.9-15.5) (12.9-15.5) (12.9-15.3) (12.9-15.5) (12.4-15.3) (12.9-15.5)

Days where physical or mental 5.1 5 5. 54 5 5.1 <0.001

health interfere with activity in the (4.7-5.4) (4.7-5.4) (4.7-5.7) (4.7-5.4) (4.7-5.4) (4.7-5.4)

past 30 days

2010-2014 US Census American Community Survey—Selected Economic Characteristics

% of families/people with income 10.7 1.1 10.4 1.9 10.7 10.6 <0.001

below poverty level* (5.4-18.6) (5.9-19.5) (5.2-17.6) (5.6-21.1) (5.7-19.8) (5.3-19.6)

Neighborhood <0.001

poverty*, n (%) 2681 (24.7) 300 (21.1) 1894 (26) 378 (22.1) 83 (24) 26 (27.1)

1% (Least Poverty) 2653 (24.5) 352 (24.8) 1822 (25) 372 (21.8) 88 (25.4) 19 (19.8)

2" Quartile 2673 (24.6) 376 (26.5) 1788 (24.6) 409 (24) 77 (223) 23 (24)

3" Quartile 2660 (24.5) 374 (26.3) 1655 (22.7) 517 (30.3) 89 (25.7) 25 (26)

4™ (Greatest Poverty) 185 (1.7) 18 (1.3) 123 (1.7) 32 (1.9) 9 (2.6) 3@3.1)

Unknown Poverty Level

(Continued)
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Table 2 (Continued).
Behavioral Risk Factor Surveillance System (BRFSS)
Overall Black White Hispanic Asian Other P
(n =10852) (n = 1420) (n =7282) (n=1708) (n = 346) (n =96) value
Mean household income, 57231 57231 57851 55268 58654 57658 <0.001
US dollars (45597-77839) | (46239-74223) | (46472-78989) (42635-77281) (46662-79785) (45129-91299)
% with food stamps/SNAP in last 12 | 12.1 12.7 11.4 13.9 12.9 10.8 <0.001
months (6.1-21.8) (7.1-22.7) (5.8-20.3) (6.5-27.5) (5.9-24.6) (4.7-21.7)
% with no health insurance 18.1 19 17.5 21.1 18.3 18.8 <0.001
(12.2-25.8) (13-27) (11.8-24.3) (13.3-31.1) (12.7-27.5) (10.2-27.2)
% with cash public assistance in last | 1.8 1.6 1.8 1.7 1.7 1.3 0.08
12 months (0.8-3.1) (0.8-3.1) (0.8-3.1) (0.6-3.1) (0.8-2.9) (0.8-3)
% Unemployed- Civilian 10.4 10.6 10.3 10.5 10.3 10.9 0.58
(7-14.6) (7.2-14.7) (7-14.4) (6.8-15.1) (7.4-15) (6.8-14.3)

Notes: tFor BRFSS Variables, all results are reported as median (interquartile range) unless otherwise specified and can be interpreted as follows: In the counties where
Blacks with HCC lived, 33.1% (median percentage) of adults reported a diagnosis of high cholesterol. For Census variables, all results are reported as median (interquartile
range) and can be interpreted as follows: In the census tracts where Blacks with HCC lived, 11.1% of families/people had income below the poverty level. *Quartiles were

created using the percentage of families/peoples with income below poverty level.
Abbreviation: SNAP, Supplemental Nutrition Assistance Program.

1.07-1.29, p <0.001 compared to Hispanics. Neither neighbor-
hood poverty, distance to transplant nor distance to cancer
center significantly changed the multivariate model and were
removed without consequence. See Table 3 and Figure 3 for
HR, CI, p values and Kaplan-Meier survival curves.

Discussion

There are clear racial differences in HCC incidence,'"*°

9,10,38
1’, 0,3

surviva and mortality.®® In this retrospective study

; y Lake City

Augustine

) Beach

Clearwa

St

Low Medium High

Figure 2 Geographic distribution of HCC cases throughout Florida, unadjusted for
population density. Regions in red have the highest raw number of HCC cases.

evaluating over 10,000 persons diagnosed with HCC from
2004 to 2013 in Florida, we found that Hispanics lived longest,
208 days, and had liver transplant and/or RFA more often.
Blacks had more extensive disease at diagnosis, were least
likely to receive liver transplant and had the shortest survival,
136 days. Compared to Hispanics, Blacks had 17% and Whites
had 9% increased risk of death. The strongest predictors of
survival were cancer stage at presentation and treatment, espe-
cially surgical treatment, which varied significantly by race.
Much of the data regarding disparities in HCC is derived
from analysis of administrative databases, like SEER-
Medicare, which lack clinical information regarding liver func-
tion. Consequently, some hypothesize that survival differences
are attributable to racial differences in liver function, which
does affect treatment eligibility. However, three large retro-
spective analyses challenge this hypothesis. Previously, we
reported that Blacks with HCC had lower model for end
stage liver (MELD) score, as well as lower rates of ascites,
hepatic encephalopathy and varices compared to Whites and

1'% and Estevez et al,38

Hispanics.’ In studies by Rich et a
Blacks with HCC had higher rates of compensated cirrhosis
(Child Pugh Class A) and lower rates of ascites and hepatic
encephalopathy compared to other races. Except in specific
scenarios, e.g. chronic hepatitis C,'*'* there is little evidence
that HCC risk or its biological behavior is mediated by race.
Therefore, other important factors must be contributing to

adverse outcomes.
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Table 3 Factors Associated With Survival On Univariate And Multivariate Analysis

Univariate Analysis

Multivariate Analysis

Hazard Ratio 95% CI p Value Hazard Ratio 95% CI p Value

Race/Ethnicity

Hispanic Referent Referent

White 1.07 1-1.14 0.04 1.02-1.17 0.02

Black 1.29 1.18-1.4 <0.001 1.09 1.07-1.29 0.001

Asian 0.94 0.8-1.1 0.43 1.171.01 0.85-1.21 0.89

Unknown 1.02 0.75-1.39 0.89 1.29 0.97-1.72 0.08
Age at Diagnosis 1.01 1.01-1.01 <0.001 1.01 1.01-1.01 <0.001
Gender

Female Referent Referent

Male 1.15 1.08-1.21 <0.001 1.13 1.06-1.21 <0.001

Hermaphrodite 2.68 1.79-4.02 <0.001 1.72 0.86-3.47 0.13
Payer

Uninsured Referent 0.71-0.9 <0.001 Referent 0.78-1.01 0.08

Medicaid 0.80 0.5-0.63 <0.001 0.89 0.67-0.86 <0.001

Private 0.56 0.67-0.82 <0.001 0.76 0.71-0.90 <0.001

Medicare 0.74 0.46-0.81 0.001 0.79 0.61-1.03 0.08

Military/Tricare 0.6l 0.57-0.82 <0.001 0.79 0.58-0.89 0.002

VA 0.68 0.72

Indian Public Health Service 0.93 0.66—1.3 0.65 0.96 0.69-1.33 0.8

Insurance NOS 0.6 0.52-0.7 <0.001 0.82 0.7-0.96 0.0l

Unknown 0.69 0.59-0.81 <0.001 0.63 0.52-0.76 <0.001
SEER Stage 2000 Referent

Localized Referent

Regional-direct extension (DE) 1.72 1.61-1.83 <0.001 1.53 1.43-1.64 <0.001

Regional-lymph nodes (LN) 1.58 1.35-1.87 <0.001 1.28 1.08-1.51 0.004

Regional (DE & LN) 2.50 2.14-2.92 <0.001 2.19 1.86-2.57 <0.001

Distant 3.44 32137 <0.001 25 2.32-2.7 <0.001

Unstaged 1.97 1.84-2.12 <0.001 1.25 1.15-1.36 <0.001
Surgery Type

No surgery performed Referent Referent

Radiofrequency Ablation 0.38 0.34-0.42 <0.001 0.69 0.62-0.77 <0.001

Local destruction, not RFA 0.5 0.41-0.61 <0.001 0.87 0.71-1.08 0.21

Resection 0.33 0.29-0.36 <0.001 0.59 0.53-0.66 <0.001

Hepatectomy NOS 0.21 0.13-0.33 <0.001 0.37 0.23-0.58 <0.001

Transplant 0.13 0.11-0.15 <0.001 0.25 0.22-0.29 <0.001

Bile duct excision + hepatectomy* 0.11 0.02-0.78 0.03 0.21

Surgery NOS 0.42 0.29-0.6 -<0.001 0.74 0.03-1.31 0.1

Unknown 0.8l 0.66-1 0.05 0.62 0.51-1.07 0.11
Treatment Status

No treatment given Referent Referent

Treatment given 0.33 0.31-0.36 <0.001 0.47 0.43-0.51 <0.001

Active surveillance 0.43 0.31-0.61 <0.001 0.52 0.37-0.73 <0.001

Unknown 1.08 0.99-1.17 0.08 1.12 1.03-1.22 0.0l
Neighborhood Poverty

I** Quartile (least poverty) Referent

2" Quartile 0.99 0.93-1.06 0.88

(Continued)
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Table 3 (Continued).
Univariate Analysis Multivariate Analysis
Hazard Ratio 95% CI p Value Hazard Ratio 95% CI p Value

3™ Quartile 0.99 0.93-1.06 0.86

4 Quartile 0.95 0.88-1.01 0.11

Unknown poverty level 0.94 0.78-1.14 0.53

Distance to Transplant Center

<30 miles Referent

31-60 miles 1.04 0.98-1.1 0.22

61.90 miles 1.04 0.95-1.14 0.42

91-120 miles 1.03 091-1.17 0.65

121-180 miles 1.17 0.99-1.37 0.07

181-240 miles 1.15 0.95-1.38 0.15

241-300 miles 1.22 0.04-1.44 0.02

>300 miles 1.18 0.93-1.5 0.18

Distance to Cancer Center

<30 miles Referent

31-60 miles | 0.94-1.07 0.93

61-90 miles 0.89 0.84-0.95 <0.001

91-120 miles 0.94 0.87-1.12 0.13

121-180 miles 0.93 0.8-1.08 037

181-240 miles 1.1 0.91-1.33 033

241-300 miles 1.14 0.97-1.34 0.12

>300 miles 1.2 0.93-1.54 0.17

Notes: *Bile duct excision + hepatectomy is another way to code transplant, however since we cannot confirm that these persons received transplant, the data are

provided separately.

Abbreviations: NOS, not otherwise specified; RFA, radiofrequency ablation; SEER, Surveillance, Epidemiology and End Results Program; VA, Veteran’s Administration.

Other investigators have postulated that existing disparities
are attributable mostly to socioeconomic barriers disproportio-
nately affecting minorities, such as lack of health insurance.'*'®
Inadequate access to healthcare leads to missed opportunities to
diagnose underlying liver disease and perform HCC surveil-
lance. This may explain why Blacks consistently present with
more advanced HCC, as noted in this study and others.”'%'*
Even when surveillance is consistent and Blacks and Hispanics
present with early stage HCC, they are less likely than Whites to
receive invasive treatment according to Mathur et al.'* Blacks

9,10,12,40
> 1U, 12y and

with HCC have considerably lower transplant rates,
our study confirms this finding. Although this may be due to
medical ineligibility for transplant, such as advanced cancer
exceeding the Milan criteria, socioeconomic and/or geographic
barriers likely play important roles. Within FCDS, the only
direct measure of individual SES is insurance status. Blacks
and Asians were most often uninsured, which limits access to
treatment and influences the quality of care. Uninsured patients
are ineligible for transplant. We found that uninsured patients

had significantly shorter survival than insured patients.

In our study, Hispanics lived closest to transplant and
academic cancer centers and had the highest transplant
rates, which likely contributed to improved survival.
These findings suggest that geographic proximity to multi-
disciplinary care, e.g. liver transplant, significantly influ-
ences treatment decisions/outcomes and potentially
mitigates the adverse effects of low individual or neigh-
borhood socioeconomic status. This study is the first to
explore neighborhood-level socioeconomic factors in the
context of HCC survival using census tract, a geographic
unit designed to be “as homogeneous as possible with
respect to population characteristics, economic status,
and living conditions” such that individual characteristics
are well reflected by the group.?' Despite living in rela-
tively disadvantaged neighborhoods with the lowest mean
household income and more persons living below poverty
level, Hispanics had the best survival after HCC diagnosis.
Our study demonstrates that adverse socioeconomic con-
ditions alone are insufficient to explain disparate HCC

outcomes. Although not previously reported for HCC,
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Figure 3 Kaplan—Meier curves (A) stratified by race/ethnicity and (B) stratified by race/ethnicity and adjusted for gender, age at diagnosis, insurance type, SEER Summary

Tumor Stage, surgery type, and treatment status.

these findings may reflect the ‘“Hispanic paradox”,
whereby Hispanics have better cancer outcomes compared
to other US populations despite poorer socioeconomic
conditions.*"*** Rich et al also found that Hispanics had
increased adjusted survival compared to Whites.'” We
noted that Hispanics living in neighborhoods with the
lowest percentage of persons below the poverty line had
prolonged survival compared to Hispanics living in neigh-
borhoods with higher degrees of poverty. Prospective stu-
dies are needed to assess how individual socioeconomic
status interacts with neighborhood poverty to influence
HCC survival in diverse populations. As country of birth
was missing in 48.7% of Hispanics, which precluded a full
assessment of the impact of nativity on survival in
Hispanics.

Retrospective analyses of cancer incidence registries,
including FCDS, are fraught with challenges, mainly
incomplete clinical information and potentially inaccurate
dates. The most widely used staging system for HCC in
clinical practice is the Barcelona Clinic Liver Cancer
(BCLC) Staging System. Despite its widespread use, cur-
rent cancer registries such as SEER and the US Cancer
Statistics registry,” do not contain sufficient clinical infor-
mation to classify patients according to BCLC. For con-
sistency with other registries, the FCDS also relies on the
SEER staging system. Though this is less granular than
BCLC, we found that SEER stage correlated with survival,

p <0.001. Another limitation of this study is the lack of
information pertaining to the etiology of chronic liver
disease leading to HCC. Although disease etiology may
vary substantially by race,”'® there is no significant evi-
dence that survival differs by disease etiology. Fibrosis
stage and liver function can affect treatment options and
may influence survival; however, registries do not reliably
provide this information.

Despite the aforementioned limitations of cancer regis-
tries, they enable assessment of much larger sample sizes
than can be analyzed at a single center and also highlight
variations in clinical practice over large geographic areas.
For example, liver biopsy is not required for HCC diagnosis
in the presence of characteristic imaging features.*
However, nearly 80% of our sample was diagnosed by
histology and approximately 14% by radiological imaging
alone during the study period. Though large academic med-
ical centers may have confidence in the ability of radiologic
imaging to diagnose HCC, smaller centers or community
hospitals may opt to confirm the diagnosis with biopsy.
Sherman et al reported that 62.9% of patients in a managed
care population received liver biopsy during their diagnos-
tic workup for HCC.**

A strength of FCDS is that it can be linked to other publicly
available databases to characterize community characteristics,
which is of importance as we seek to understand the determi-
nants contributing to disparities in HCC. Through Census data,
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we ascertained that neighborhood-level SES has minimal
uupact on survival. Using BRFSS, we found population-level
variations in the percentage of adults who reported cancer
screening for other common cancers by race. On an individual
level, we know that risk factors for inconsistent HCC surveil-
lance include Black race, uninsured status, and failure to iden-
tify the cancer-predisposing disease, i.e. cirrhosis.® Future
studies regarding access to HCC surveillance services on a
community level are needed in order to intervene and ensure
equitable access to vulnerable populations.

Although Florida has the 4th highest number of HCC
cases nationally,” there is only one National Cancer Institute
(NCI) designated cancer center in Florida and many patients
reside at great distances from comprehensive multidisci-
plinary cancer care. Those receiving transplant lived closer
to transplant centers than those not receiving transplant.
Although straight-line distance correlates strongly with
more meaningful measures, such as travel distance,** it is
somewhat limited. In order to enhance our understanding of
the geographic factors contributing to racial disparities in
HCC, future studies should incorporate complete geo-
graphic information, including full address at diagnosis
and primary mode of transportation.** In addition to explor-
ing how known determinants of racial disparities impact
HCC survival on an individual level, future studies should
investigate the impact of environmental factors and
community resources on survival in diverse individuals
with HCC.

Conclusions

Our study evaluating over 10,000 HCC patients during a 10-
year period confirms significant survival differences by race in
Florida. Hispanics survived longer than Blacks and Whites
despite living in the neighborhoods with the highest rates of
poverty and uninsured persons. Hispanics also lived closest to
liver transplant and academic cancer centers which potentially
mitigated negative consequences of low SES and contributed
to increased survival. Additional study is needed to identify
the most influential determinants of racial disparities in min-
ority populations that are disproportionately affected by HCC.

Abbreviations

ACS, American Community Survey; AFP, alpha-fetopro-
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