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Objective: To determine whether controlling for differ-
ences in the use of invasive therapy affects racial/ethnic dif-
ferences in survival of early-stage hepatocellular carci-
noma (HCC).

Design: A retrospective cohort study using Surveil-
lance, Epidemiology, and End Results (SEER) HCC data.
Invasive therapy was defined as tumor ablation, hepa-
tectomy, or liver transplant. Race/ethnicity was defined
as white, black, Asian, Hispanic, or other. Racial/ethnic
differences in overall and treatment-adjusted survival were
assessed using the Kaplan-Meier method and base- and
treatment-stratified multivariable Cox proportional haz-
ards models.

Patients: All patients diagnosed as having stage I or 11
HCC from January 1, 1995, through December 31, 2006
(N=13244).

Sefting: Data were obtained from the National Cancer
Institute’s SEER registry.

Main Outcome Measures: Differences in survival by
race/ethnicity accounting for the use of invasive therapy
and treatment benefit.

Results: Overall, 32.8% of patients received invasive
therapy. We found higher mortality rates in the base sur-
vival model for black (hazard ratio [HR], 1.24; 95% con-
fidence interval [CI], 1.15-1.33) and Hispanic (1.08; 1.01-
1.15) patients and lower mortality rates in Asian patients
(0.87; 0.82-0.93) compared with whites. After treatment
stratification, compared with white patients, blacks had a
12% higher mortality rate (HR, 1.11; 95% CI, 1.03-1.20),
Hispanics had a similar mortality rate (0.97;0.91-1.04), and
Asians had a 16% lower mortality rate (0.84; 0.79-0.89).

Conclusions: For early-stage HCC, racial/ethnic dis-
parities in survival between minority and white patients
are notable. After accounting for differences in stage, use
of invasive therapy, and treatment benefit, no racial/
ethnic survival disparity is evident between Hispanics and
whites, but blacks have persistently poor survival.
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EPATOCELLULAR CARCI-
noma (HCC) is the fifth
leading cause of death
from cancer worldwide
and has a markedly in-
creasing incidence in the United States.!

Recent data from the National Cancer
Institute’s Surveillance, Epidemiology, and
End Results (SEER) program suggest that
significant racial/ethnic disparities exist in
the use of surgical therapy for HCC.>”
Black patients with HCC receive surgical

Survival among patients with advanced

HCCis dismal, with an overall 5-year rate
of 5%.> Patients diagnosed as having an
early stage stand the best chance of cure.
The available treatment strategies, includ-
ing tumor ablation, hepatic resection, liver
transplant, or combined modalities, re-
quire highly complex care only available
in tertiary referral centers. To obtain care
in these centers, patients need to over-
come several barriers that may precipi-
tate health care disparities along racial/
ethnic lines and may have downstream
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therapy less often than white patients. It
remains unclear whether racial/ethnic dif-
ferences in survival are linked to these dif-
ferences in the receipt of invasive therapy.

In this study, we report on the survival
of 13 244 patients with early-stage HCC
from the SEER registry. We aimed to de-
termine whether racial/ethnic differences
in survival could be explained by differ-
ences in the use of invasive therapy. We hy-
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pothesized that survival differences between racial/
ethnic groups would be minimal after accounting for
variation in receipt of invasive therapy and its specific ef-
fects on survival.

o EEEETEES

STUDY POPULATION

The SEER registry (http://www.seer.cancer.gov) is a compre-
hensive cancer surveillance program based on local and re-
gional cancer registries that samples 26% of the US popula-
tion. It is maintained by the Division of Cancer Control and
Population Sciences, Surveillance Research Program, Cancer
Statistics Branch of the National Cancer Institute. We used the
deidentified SEER limited-use data set (1973-2006) to create
the retrospective cohort, acquired in accordance with the SEER
data use agreement. Patients with HCC were identified on the
basis of being assigned SEER diagnosis code 220. Those with
early-stage (stage I or II) disease were identified according to
SEER modified stage criteria for patients from 1995 through
2003 or the American Joint Committee on Cancer TNM guide-
lines for patients from 2004 through 2006. Table 1 displays
the SEER staging criteria used to define stages I and II disease.

The primary outcome of interest was patient survival. Mor-
tality data in the SEER registry were obtained via linkages with
the National Center for Health Statistics. Vital status was re-
corded, and the date of latest follow-up for the study cohort
was December 21, 2006. Invasive therapy was defined as tu-
mor ablation or local tumor destruction (labeled as ablation in
this study), hepatic resection, or liver transplant. The primary
exposure of interest was race/ethnicity. Race and ethnicity were
considered together because they represent social constructs
that create a context through which patients access the health
care system. Race/ethnicity was classified by the SEER coding
scheme and defined as non-Hispanic white (white), black, His-
panic, Asian, or other. The last category consisted of Native
Americans and Alaskans, Native Hawaiians, and those of un-
known or mixed race/ethnicity. Those of nonwhite Hispanic
ethnicity were placed in the other category.

Clinical and socioeconomic factors that could potentially affect
access to invasive therapy or patient survival were also included
in the analysis. Clinical variables included patient age at diag-
nosis, date of diagnosis, and tumor size. The SEER registry pro-
vides socioeconomic covariates based on county-level variables
obtained from the US Census Bureau matched to the patient’s
place of residence. For this analysis, we selected the following
variables to reflect educational, economic, and social status in
the county: percentage of individuals with a high school di-
ploma, median annual household income, percentage of indi-
viduals living below the federal poverty line, percentage of in-
dividuals with white-collar jobs, and percentage of households
self-identified as being isolated by language.

STATISTICAL ANALYSIS

The analytic approach included a multivariable patient-level
model of the effects of race/ethnicity on patient survival and
treatment-adjusted patient survival. We compared clinical,
demographic, and socioeconomic variables by racial/ethnic des-
ignation and used these in covariate adjustment. Univariate
analyses were completed using the x> method, the 2-sample ¢
test, or analysis of variance where appropriate.

For the overall and treatment-adjusted survival analysis, we
used the Kaplan-Meier method to calculate time-to-death es-
timates from the time of diagnosis. Differences in these esti-

Table 1. Clinical Staging of Hepatocellular Carcinoma
in the SEER Registry in the Study Cohort

TNM SEER Modified
Stage/Clinical Description Classification? Criteria
|
Single lesion (1 lobe) without T Localized
vascular invasion
>1 Lobe involved by contiguous T Regional by direct
growth (single lesion) without extension
vascular invasion
Extension of single lesion to T Regional by direct
gallbladder (single lobe or extension
>1 lobe by contiguous growth)
without vascular invasion
Il
Single lesion (1 lobe) with T2 Localized
intrahepatic vascular invasion
>1 Lobe involved (single lesion) T2 Regional by direct
with vascular invasion extension
Multiple tumors all <5 cm T2 Regional by direct
extension
Extension of single lesion to T2 Regional by direct
gallbladder (single lobe or extension
>1 lobe by contiguous growth)
with vascular invasion
Tumor involvement in extrahepatic T2 Regional by direct

bile ducts extension

Abbreviation: SEER, Surveillance, Epidemiology, and End Results.
2Based on American Joint Committee on Cancer staging.

mates stratified on race/ethnicity or therapy type were calcu-
lated using the log-rank test. Patient survival was censored at
death or at the end of follow-up.

Multivariable Cox proportional hazards regression was used
to assess the independent effects of race/ethnicity on mortality
risk. To explore the relationships among race/ethnicity, socio-
economic factors, and mortality related to HCC, 2 separate mod-
els were constructed: a base model of risk-adjusted survival and
a second risk-adjusted survival model that included treatment
effects. The base model estimated time to death using race/
ethnicity as the primary exposure variable, risk-adjusted for stage
and clinical, demographic, socioeconomic, and geographic fac-
tors (hospital service area) that were associated with mortal-
ity. The second model applied a treatment effect to the base
model. The effect of treatment was applied by stratifying the
time-to-death analysis by the invasive treatment received, de-
fined as tumor ablation, hepatic resection, liver transplant, or
no therapy. Stratified models assume varying hazard func-
tions for death within each stratum, and each treatment rep-
resented an individual stratum. We assumed that patients who
received tumor ablation, hepatic resection, liver transplant, or
no therapy had intrinsic differences that affected which therapy
was selected for them and, therefore, their survival over time.
For example, patients who undergo hepatectomy for early HCC
have an inherently different mortality risk than those who un-
dergo liver transplant, possibly because of the presence of cir-
rhosis, the need of posttransplant immunosuppression, differ-
ences in tumor anatomy that determine whether resection will
be technically feasible, or comorbidities that affect surgical risk.
The varying survival assumption was assessed graphically. The
covariates in the base model were tested within each stratum,
and their effects on the hazard of death were summarized in a
single hazard ratio.

We used commercially available software (STATA, version
10.0; StataCorp, College Station, Texas) to complete statistical
analyses. Statistical significance was defined at a P value of .05.
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Table 2. Clinical, Demographic, and Socioeconomic Attributes of Patients Diagnosed as Having Early-Stage
Hepatocellular Carcinoma by Race?
Race/Ethnicity, %

I White Black Hispanic Asian Other

(n=6316) (n=1397) (n=2230) (n=3022) (n=279) P Value
Age at diagnosis, mean (SD), y 65.1 (12.7) 60.4 (12.0) 61.9 (12.0) 63.1 (12.7) 61.3 (11.8) .001
Male sex 747 73.5 735 71.2 .7 12
Tumor size, mean, cm® 5.00 5.00 4.75 5.32 5.32 .001
Married at diagnosis 70.7 49.2 66.9 83.7 59.5 .001
Median annual household income in county, $ 48197 45363 45685 52415 46821 .001
High school graduates only® 19.3 21.5 24.3 20.3 19.0 .001
Persons living in poverty® 11.9 14.6 15.1 12.2 13.4 .001
White-collar employment® 36.6 36.2 36.1 39.2 35.7 .001
Language-isolated households® 6.0 6.2 9.8 10.1 7.0 .001
Receipt of invasive therapy 34.8 26.4 26.5 36.6 29.0 .001

2Unless otherwise indicated, data are expressed as percentage of patients per race/ethnicity group. Groups are described in the “Study Population” subsection

of the “Methods” section.
bRecorded only in the late era (2674 total observations).
CIndicates summative estimates of county-level attributes for each patient.

[ Transplant (n=1070)
O Hepatectomy (n=1808)
[ Ablation (n=1465)

Il None (n=8901)

111
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o

Figure 1. Distribution of surgical therapy for patients with early-stage
hepatocellular carcinoma by race/ethnicity. Black and Hispanic patients had
the highest proportions of untreated patients. Tumor ablation was used in
approximately 10% to 12% of cases, regardless of race/ethnicity. Asian
patients were significantly more likely to undergo hepatic resection than
other groups (P<.001). Liver transplant was more common among white
than black, Hispanic, Asian, or other patients.

B RESULTS

We included 13 244 patients with early-stage HCC diag-
nosed between January 1, 1995, and December 31, 2006.
Of these, 6316 (47.7%) were white, 3022 (22.8%) were
Asian, 2230 (16.8%) were Hispanic, 1397 (10.5%) were
black, and 279 (2.1%) were categorized as other. Table 2
gives the clinical, demographic, and socioeconomic differ-
ences in the cohort by patient race/ethnicity. The mean (SD)
age was 03.6 (12.6) years. White patients were older at di-
agnosis; 73.5% of patients were male, which was similar
across races/ethnicities. Asian and other patients had larger
tumors than those in the other 3 groups. Black patients had
a significantly lower percentage of married patients than
the other groups. When considering education, employ-
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Figure 2. Racial/ethnic disparity in overall survival after diagnosis with
early-stage hepatocellular carcinoma. Overall survival differences regardless
of treatment status were statistically significant between racial/ethnic groups,
and black patients had the poorest survival.

ment, and financial conditions, Asian patients appeared to
reside in areas of higher socioeconomic status compared
with white, black, Hispanic, and other patients.

During the study period, only 32.8% of patients re-
ceived invasive therapy for HCC. Figure 1 displays the
racial/ethnic treatment distribution. Black and Hispanic
patients had higher proportions of untreated patients com-
pared with white, Asian, and other patients (P<<.001).
Asian patients had much higher rates of hepatic resec-
tion than the other groups. The proportion receiving tu-
mor ablation was fairly uniform for each group, from 9.6%
to 12.0%. White patients underwent liver transplant more
often than any other racial/ethnic group.

Figure 2 displays racial/ethnic differences in unadjusted
survival. All groups reached median survival in less than 16
months. Overall 5-year survival was 17.9% for all patients
with early-stage HCC and by race/ethnicity was 18.2% for
whites, 12.2% for blacks, 15.2% for Hispanics, 22.0% for
Asians, and 17.1% for other patients (P <.001). Median sur-
vival was 5 months longer for Asians (15 months) than for
whites and Hispanics (10 months each) and 7 months longer
than for blacks (8 months). Patientsin the other race/ethnicity
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Figure 3. Survival differences by race/ethnicity after tumor ablation (A), hepatectomy (B), and liver transplant (C) for early-stage hepatocellular carcinoma. After
tumor ablation and hepatic resection, black and Hispanic patients had the worst survival. Asian patients had better survival than white patients after ablation and
similar survival after hepatectomy. After liver transplant, there were no significant differences in survival by race/ethnicity.

group had amedian survival of 1 year. Among patients with
stage I disease, median survival by race was longest among
Asians (18 months), followed by other (17 months), whites
(14 months), Hispanics (12 months), and blacks (9 months)
(P<<.001). Asian patients with stage Il disease had superior
survival (8 months) compared with whites (6 months), blacks
(5 months), Hispanics (7 months), and other patients (6
months) (P<.001) (data not shown).

Survival conditional on receiving therapy also dif-
fered by race/ethnicity (P=.004). When we included for
evaluation those who received therapy, median survival
improved to 29 months for black, 43 months for white,
40 months for Hispanic, 45 months for Asian, and 59
months for other patients (data not shown). Among those
who did not receive any invasive therapy, median sur-
vival was 4 to 6 months for all groups.

Each therapy type also demonstrated unique racial/
ethnic survival differences (Figure 3). After tumor ab-
lation, Asian patients demonstrated the best long-term sur-
vival with a 5-year survival rate of greater than 30%
compared with the white, black, and Hispanic patients,
who all had a 5-year survival rate of less than 20% (P=.004).
Among patients who underwent hepatic resection, less than
30% of the black and Hispanic patients were alive at 5 years,
whereas Asian and white patients had similar 5-year sur-
vival rates of approximately 40% (P=.02). For patients who
underwent liver transplant, there were no significant dif-
ferences in survival noted by race/ethnicity.

Even after adjusting for stage and clinical and socio-
economic factors, racial/ethnic disparities in survival were
evident (Figure 4). The forest plot shows mortality risk
for each minority group relative to white patients in the
base model and after accounting for differences in treat-
ment. In the base model, mortality rates for black and
Hispanic patients were significantly higher than that for
white patients, by 24% and 8%, respectively, whereas
Asian patients displayed a 13% lower mortality rate. Af-
ter accounting for treatment effect, compared with white
patients, black patients had a persistent disparity in mor-
tality but of lower magnitude. The relative risk differ-
ence decreased from 24% to 11% (hazard ratio, 1.11;95%
confidence interval, 1.03-1.20). Hispanic patients had no
significant mortality difference from white patients. For
Asian patients, the mortality difference increased, with

Hazard Ratio
Race/Ethnicity (95% CI)
Black overall —e— 1.24(1.15-1.33)
Black with treatment effect —eo— 1.11 (1.03-1.20)
Hispanic overall —eo— 1.08 (1.01-1.15)
Hispanic with treatment effect o 0.97 (0.91-1.04)
Asian overall o 0.87 (0.82-0.93)
Asian with treatment effect o 0.84 (0.79-0.89)
Other overall —e— 0.93 (0.80-1.09)
Other with treatment effect —e—=H 0.88 (0.76-1.03)
0.75 1.00 1.35
Hazard Ratio (95% Cl)

Figure 4. Racial/ethnic differences in relative mortality risk for patients with
early-stage hepatocellular carcinoma overall and with treatment effects. In
each model, white race is the reference group. Black race was a significant
predictor of poor survival in the overall base survival model. Accounting for
treatment effects attenuated the apparent disparity in survival compared with
white patients, but the difference remained statistically significant. Hispanic
patients had worse survival at baseline compared with white patients, but the
disparity was negligible after adjusting for treatment effects. Asian patients
had better survival compared with white patients in the overall model and the
treatment effects model. Cl indicates confidence interval.

a 16% better survival rate (HR, 0.84; 95% CI, 0.79-0.89)
vs white patients. Patients with other race/ethnicity did
not have significant differences in mortality risk com-
pared with white patients in either model.

- TN

Racial/ethnic disparities in health care access and out-
comes were notable in our study. For patients with early-
stage HCC, racial/ethnic differences in demographics and
socioeconomic status were significant, as were differ-
ences in the use of tumor ablation, hepatectomy, and liver
transplant. Black and Hispanic patients received signifi-
cantly less invasive therapy than did white or Asian pa-
tients. After adjusting for the receipt of various treat-
ments and their respective effects on mortality risk, we
found that racial/ethnic disparities in survival for black com-
pared with white patients were persistent, although di-
minished. Hispanic and white patients had similar mor-
tality rates after adjusting for treatment effects. Asian
patients had better survival than white patients at base-
line and with treatment effects.
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With only 32.8% of the cohort receiving surgical therapy,
our analysis indicates a significant underuse of appropri-
ate interventions for the most treatable stages of HCC, par-
ticularly among black and Hispanic patients. This is par-
ticularly concerning given the increasing proportion of these
racial/ethnic groups in the US population.” Several SEER-
based reports have evaluated racial/ethnic disparities in ac-
cess to care for HCC,>” and our study supports these find-
ings. We also identified racial/ethnic variation in the use
of specific treatments; for example, the rate of hepatec-
tomy was much higher in Asian patients than any other
group, and there was nearly a 2-fold-lower rate of liver trans-
plant in black compared with white patients. This phe-
nomenon is clearly contingent on access to care because a
recent study of wait-listed transplant candidates demon-
strated no differences between black and white patients with
regard to transplant rates for HCC.® Racial/ethnic equity
in treatment rates is clearly possible if patients have the re-
sources to overcome prohibitive barriers in access to care.
It is unclear and alarming why so few patients with treat-
able HCC were registered with SEER but did not receive
any curative therapy. Our study speaks to a potentially larger
public health problem of poor access to complex cancer
care for patients of all racial/ethnic groups.

Beyond access, few reports have addressed racial/
ethnic differences in survival for patients with HCC. Sloane
et al’ examined all SEER HCC cases in black and white
patients during a 10-year period from 1992 through 2001
and found that black patients were 4% to 20% more likely
to die of localized HCC after adjusting for age, sex, and
treatment status. Davila and El-Serag’ used a 1987-2001
SEER cohort and found that black-white survival was eq-
uitable and that Hispanic patients had poorer survival com-
pared with white patients after adjusting for treatment.
Wong and Corley'® evaluated nearly 2800 localized HCC
cases and found that black women had nearly 60% lower
3-year survival compared with non-Hispanic white men.
These studies support our hypothesis but have some limi-
tations that were improved on in our analysis. We report
onamuch larger cohort than these studies, with more than
13 000 patients, and focused our analysis on patients with
early-stage disease most likely to be treated invasively. Pre-
vious studies attempted to evaluate the implications of treat-
ment effects on racial/ethnic disparities in survival, but these
efforts were compromised by including patients who were
otherwise ineligible for the treatments considered. Our sta-
tistical approach, which used stratified Cox proportional
hazards models, provided more precise estimates of rela-
tive mortality risk for a given racial/ethnic group by not
censoring data and by accounting for varying mortality haz-
ards associated with multiple therapies. The previous stud-
ies assumed a uniform baseline hazard of mortality, al-
though patients with HCC may have numerous unmeasured
clinical factors that affect their mortality risk in different
ways, such as the presence of cirrhosis. These factors also
likely influence the choice of therapy. This level of meth-
odological rigor allowed for more accurate between-race/
ethnicity comparisons on survival, given the varying ef-
fects of the treatments received or not received.

The most notable finding in our study was that racial/
ethnic variation in HCC outcome is related to access and
variable treatment effect from specific therapies. After ad-

justing for treatment effects, the racial/ethnic disparity in
survival between black and white patients decreased but
persisted. This finding is linked to 2 major issues that con-
tribute to health-related disparities in minority popula-
tions: black patients have poor access to treatment, and,
even after obtaining treatment, they have relatively poor
outcomes compared with white patients. This is particu-
larly concerning given that the incidence of HCC is re-
portedly increasing in the black population faster than in
other racial/ethnic groups.'! Despite low rates of receiv-
ing invasive therapy among Hispanic patients, the rela-
tive treatment effect among those who had access to care
was profound. After accounting for the effect in treat-
ment, the disparity in survival between Hispanic and white
patients with HCC disappeared. Differences in survival be-
tween Asian and white patients widened after adjust-
ment for their high rate of invasive therapy use and the
effectiveness of treatment. This may be explained by Asian
patients tending to present with HCC resulting from
chronic hepatitis B virus infection with compensated liver
function and by greater awareness of HCC owing to screen-
ing programs that target this population.'*?

Our work has some notable limitations. One particular
concern is with regard to staging classification. Although
SEER is rigorous in its data collection, survival in our study
was dismal and potentially could result from the under-
coding of stage. Furthermore, if minority patients pre-
sented with more advanced early-stage disease but were in-
appropriately designated as having stage I or I HCC, this
could potentially explain racial/ethnic differences in sur-
vival. In addition, the level of clinical detail on HCC in the
registry does not capture significant factors that may affect
the use of surgical therapy or survival, such as tumor char-
acteristics, medical comorbidities, presence of chronic liver
disease, and information on the details of all treatments re-
ceived. The county-level socioeconomic data may not fully
capture the economic, educational, and social factors for
individual patients and could confound estimates of mor-
tality risk. The use of overall survival as the primary out-
come does not account for noncancer factors that affect mor-
tality risk, and data on recurrence were also unavailable.
In the context of these limitations, our analysis repre-
sents, to our knowledge, the most comprehensive study on
racial/ethnic differences in survival for early stage HCC.

This study has important implications for health policy.
The issue of health-related racial/ethnic disparities is com-
plicated. Improving access to care is one step, but further
research regarding the heterogeneity of treatment effects
is needed. Some evidence that suggests racial/ethnic dis-
parities in access to specialized care may be linked to the
providers and facilities that serve minority patients."* Fur-
ther provider education on the importance of HCC screen-
ing in at-risk groups may be helpful in alleviating these
disparities. Cultural competence training in health care or-
ganizations may improve provider bias that could affect
medical decision making. Minority patients may fear and
mistrust the health care system, which may affect their use
of health services. These issues require culturally sensi-
tive policy interventions, potentially increasing the num-
ber of minority cancer care providers and partnering with
community groups for cancer care initiatives.'” Persis-
tent racial/ethnic disparities in survival even after adjust-
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ing for the effects of treatment are of particular concern
and may be related to the quality of health care deliv-
ered.' This variation may require a comprehensive evalu-
ation of centers where minorities receive care to standard-
ize and improve the structure and process of cancer care
delivery. As emerging therapies for complex cancers such
as HCC evolve and disseminate, racial/ethnic equity in ac-
cess to care and outcomes should remain at the forefront
of health policy goals.
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Undertreatment of Patients With Early-Stage
Hepatocellular Carcinoma

n this article, the authors study how race and eth-
nicity affect use of surgical therapy and survival for
patients with HCC while controlling for stage of
disease and differences in use of invasive therapy. They
performed their study using SEER data, analyzing
information from 13 244 patients diagnosed as having
stage I or II HCC during the period from 1995 to
2006. The authors initially hypothesized that survival
differences between racial and ethnic groups would be
minimal after accounting for variation in the use of
invasive therapy and the specific effects of treatment on
survival.
Perhaps one of the most surprising results was that
only 32.8% of all patients received invasive therapy for

early-stage disease. This is alarming because stage I and
11 disease is typically treated with good outcomes. In the
base model without treatment stratification, black and
Hispanic patients had higher mortality rates compared
with whites, and Asians had lower mortality rates. After
treatment stratification, Hispanics had a mortality rate
similar to that of white patients, whereas blacks and Asians
had lower and higher mortality rates, respectively, than
before stratification.

The authors assumed that patients who received tu-
mor ablation, hepatic resection, liver transplantation, or
no therapy had intrinsic differences that affected which
therapy was selected for them. This assumption may not
be as valid as the authors think because sometimes pa-
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