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Abstract

Background: Race, gender, insurance status, and income play important roles in predicting health care outcomes. However, the
impact of these factors has yet to be fully elucidated in the setting of hepatocellular carcinoma (HCC).

Methods: We designed a retrospective cohort study utilizing data from the Surveillance, Epidemiology, and End Results (SEER)
program to identify patients diagnosed with resectable HCC (N = 28,518). Demographic factors of interest included race (Asian/
Pacific Islander [API], African American [AA], Native American/Alaska Native [NA], or White [WH]) and gender (male [M] or
female [F]). Insurance classifications included those having Medicare/Private Insurance [ME/PI], Medicaid [MAID], or No Insurance
[NI]. Median household income was estimated for all diagnosed with HCC. Endpoints included: (I) overall survival; (2) likelihood
of receiving a recommendation for surgery; and (3) specific surgical intervention performed. Multivariate multinomial logistic
regression for relative risk ratio (RRR) and Cox regression models were used to identify pertinent associations.

Results: Race, gender, insurance status, and income had statistically significant effects on the likelihood of surgical recommen-
dation and overall survival. APl were more likely to receive a recommendation for hepatic resection (RRR = 1.45; 95% Cl:
1.31-1.61; Reference Race: AA) and exhibited prolonged overall survival (HR = 0.77; 95% CI: 0.73-0.82; Reference Race: AA) as
compared to members of any other ethnic group; there was no difference in these endpoints between AA, NA, or WH indi-
viduals. Gender also had a significant effect on survival: Females exhibited superior overall survival (HR = 0.89; 95% CI: 0.85-0.93;
Reference Gender: M) as compared to males. Patients who had ME/Pl were more likely than those with MAID or NI to receive a
surgical recommendation. ME/PIl was also associated with superior overall survival. Conclusions: Race, gender, insurance status,
and income have measurable effects on HCC management and outcomes. The underlying causes of these disparities warrant
further investigation.
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Introduction

Hepatocellular carcinoma (HCC) is responsible for significant
morbidity and mortality worldwide, representing the sixth most
commonly diagnosed cancer and fourth leading cause of
cancer-related death.! In the United States, the incidence rate
of HCC has increased nearly 5-fold over the past 40 years, from
1.4/100,000 cases/year in the 1970s to 6.2/100,000 cases in
2011.% Several populations are known to be dispoportionately
affected by HCC: Asians, males, and low income individu-
als.’ Fortunately, patient outcomes are steadily improving
across all demographics; 5-year survival rates have increased
by greater than 60% since 1975.

The most common global risk factor for HCC is the hepatitis
B virus (HBV). In the United States, the hepatitis C virus
(HCV) represents the most common causative agent. The dis-
tribution of HCC parallels that of hepatotropic viruses, and thus
the disease burden is highest in areas with endemic HBV infec-
tion, such as Eastern Asia and sub-Saharan Africa.® Other com-
mon risk factors include alcohol-related cirrhosis, nonalcoholic
fatty liver disease (NAFLD), obesity, and diabetes.” Prognosis
is largely dependent on the stage at diagnosis and can be
improved with early detection. In the United States, 5-year
survival is approximately 38%, 36%, 26%, and 19% for Amer-
ican Joint Committee on Cancer (AJCC) stage 1A, II, IIIA, and
IIIB disease, respectively.® Surgical resection/ablation and
liver transplantation represent the mainstays of treatment for
non-metastatic disease and the best interventions to ensure
long-term survival. However, the majority of affected individ-
uals are ineligible for operative management due to impaired
liver function and/or delayed diagnosis.’”

Sociodemographic factors are important predictors of HCC
incidence and outcomes. Asians and Pacific Islanders are the
most frequently affected ethnic groups, and males are 2 to
4 times more likely than females to receive a diagnosis of
HCC.>* There is also a strong negative correlation between
income and the risk of developing HCC; it has been hypothe-
sized that this reflects the prevalence of HCC risk factors—
such as hepatitis infection, alcoholism, and obesity—among
those of low income.” Furthermore, insurance status has a sig-
nificant effect on HCC management, as patients with private
insurance are more likely to undergo curative therapies as com-
pared to those with Medicaid.'” The relationship between
sociodemographic characteristics and HCC outcomes is com-
plex and nuanced, however. We therefore sought to examine
the effects of race, gender, insurance status, and income on
both the approach to management and overall survival among
individuals with HCC in the United States.

Materials and Methods

This is a retrospective cohort study using the Surveillance,
Epidemiology, and End Results (SEER) database from all the
registries captured in the SEER 18 program. The SEER pro-
gram collects and publishes cancer incidence and survival data
using population-based cancer registries that include approxi-
mately 38% of the population of the United States. Information

on patient demographics, tumor sites, tumor morphology,
staging, surgical treatment, and follow-up is publically avail-
able. SEER site code C22.0 was used to identify patients who
received a histologic diagnosis of HCC between January 1,
2007 and December 31, 2015.

The SEER registries continuously code and submit AJCC
6th and 7th edition stages for all cancers diagnosed in 2010 and
beyond. Patients diagnosed before 2010 are staged using the
AJCC 6th edition only. Therefore, the AJCC 6th edition was
used in order to include all patients diagnosed between 2007
and 2015. Eligibility criteria included an age of 18 years or
older and a diagnosis of clinical stage I, II, or IITA HCC.
Individuals with unresectable tumors—stage IIIB (defined as
having invaded the portal or hepatic vein) and stage [V HCC—
were excluded from the analysis. Exclusion criteria are further
detailed in Figure 1.

The American Community Survey (ACS) database was used
for the analysis of patient educational level and median house-
hold income. Educational level was calculated using
county-level data obtained between 2012 and 2016 that
detailed the percentage of individuals who had less than a high
school education; this was divided into quintiles. Median
household income was divided into 5 quintiles, as follows: first
quintile—$43,700 USD or lower; second quintile—$60,240
USD; third quintile—$64,500 USD; fourth quintile—$73,370
USD; and fifth quintile—$91,570 USD or higher. In the anal-
ysis of race and ethnicity, patients were categorized into one of
4 demographic groups: African American [AA], Asian/Pacific
Islander [API], Native American/Alaska Native [NA], or White
[WH]. Gender was categorized as male [M] or female [F].
Insurance status was classified as insured (Medicare or private
insurance), Medicaid, and uninsured. Lastly, patients were stra-
tified based on intervention: hepatic resection; liver ablation or
local destruction (photodynamic therapy, electrocautery, ful-
guration, cryosurgery, or laser therapy); and no intervention.

Primary endpoints included: (1) overall survival (OS);
(2) likelihood of receiving a recommendation for surgical inter-
vention; and (3) specific surgical intervention performed. OS
was estimated in months from the date of diagnosis to the end
of the follow-up period (for survivors) or the date of death (for
non-survivors). The data that support the findings of this study
are de-identified and publically available in the SEER data-
base. Therefore, no Institutional Review Board (IRB) approval
was required.

Statistical Analysis

The baseline characteristics and group differences for HCC
AJCC stages were compared using Pearson’s Chi squared test
for proportions. Univariate and multivariate multinomial logis-
tic regression models were used to assess associations of insur-
ance, race, gender, and median household income with
different treatment modalities. “No surgical intervention” was
used as the base outcome in the multinomial model. Relative
Risks Ratios (RRR) were used to measure pertinent associa-
tions, allowing for simultaneous comparison of hepatic
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Figure 1. Eligibility and exclusion criteria. Eligiblity criteria included an age of 18 years or older and a diagnosis of stage |, Il, or llIA HCC.
Individuals with unresectable tumors—stage llIB (defined as having invaded the portal or hepatic vein) and stage IV HCC—and those who had
previously been diagnosed with other cancers were excluded from the analysis.

resection, ablation/local treatment, and no surgical interven-
tion. RRR were also used for a comparison of patients who
received a recommendation for surgery versus those who
received no surgical recommendation and in whom surgery
was contraindicated. Model selection was done using Akaike
information criterion (AIC), and the model with the lowest AIC
selected."!

The Kaplan-Meier method was used for survival analysis
and the log rank test for equality of survival functions. Model
selection was done using the stepwise forward method for Cox
regression. Variables included in the adjusted models had a
p-value < 0.05 for the outcome of interest in the univariate
analysis. These variables remained in the final model if they
were still significant at p < 0.05 in the final adjusted model.
A p-value < 0.05 was used for statistical significance in this
study. To assess if the model was correctly specified, we used
restimation techniques with “linktest”'?; prediction squared did
not demonstrate explanatory power (p > 0.05). All statistical
analyses were performed using Stata version 14.2 (StataCorp,
College Station, TX, USA) and R version 3.6.1.

Results

Study Population and Patient Characteristics

A total of 28,518 patients were included in the final analysis
(Table 1). The racial distribution was as follows: AA—3,739
(13.1%); API—4,768 (16.7%); NA—377 (1.3%); and

WH—19,634 (68.9%). The stage distribution was as follows:
stage [-—52.05%; stage 1I—27.5%; and stage IIIA—20.45%.
A total of 11,058 patients (38.8%) received a recommendation
for surgical intervention; among these individuals, 11.6% were
AA, 19.8% were API, 1.3% were NA, and 67.3% were WH.
For the entire cohort, 20.7% underwent hepatic resection,
14.7% underwent local treatment/ablation, and 65.2% received
no surgical intervention.

Associations of Surgical Treatment of HCC by Race,
Insurance, and Marital Status

Table 2 displays the multivariate multinomial logistic regres-
sion model used to assess factors associated with the imple-
mentation of different surgical treatment modalities. API were
significantly more likely to receive a recommendation for
hepatic resection than individuals in any other ethnic group
(RRR = 1.45; 95% CI: 1.31 -1.61; Reference Race: AA). API
were also more likely to undergo hepatic resection
(RRR = 1.61, 95% CI: 1.43 -1.82) and local treatment/ablation
(RRR = 1.43; 95% CI; 1.24 -1.66) as compared to their AA
counterparts. There was no significant difference in treatment
modality beween AA and WH individuals.

The overall rate of hepatic resection decreased among all
ethnic groups between 2007 and 2015. Nevertheless, API indi-
viduals were consistently more likely to undergo hepatic resec-
tion as compared to their AA, NA, and WH counterparts; NA
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Table |I. Demographics and Clinical Characteristics of the Cohort.

Variable AJCC stage | N (%) AJCC stage Il N (%) AJCC stage llIA* N (%) P-value
Sex
Female 3,939 (26.5) 1,716 (21.9) 1,182 (20.3) <0.001
Male 10,900 (73.5) 6,132 (78.1) 4,649 (79.7)
Race
African American 1862 (12.6) 974 (12.4) 903 (15.5) <0.001
Asian/Pacific Islander 2,552 (17.2) 1,170 (14.9) 1,046 (17.9)
White 10,222 (68.9) 5,599 (71.3) 3,813 (65.4)
American Indian/Alaskan Native 203 (1.4) 105 (1.3) 69 (1.2)
Age
18-49 1,041 (7.0) 522 (6.7) 426 (7.3) <0.001
50-59 4,733 (31.9) 2,913 (37.1) 1,857 (31.9)
60-89 9,065 (61.1) 4,413 (56.2) 3,548 (60.9)
Marital status
Married 7,574 (53.6) 4,118 (54.9) 3,014 (53.8) <0.001
Divorced 2,219 (15.7) 1,210 (16.1) 839 (15.0)
Single 2,988 (21.1) 1,638 (21.8) 1,256 (22.4)
Widowed 1,355 (9.6) 533 (7.1) 490 (8.8)
Insurance status
Insured’ 10,833 (73.0) 5,675 (72.3) 4,149 (71.2) <0.001
Uninsured 410 (2.8) 215 (2.7) 269 (4.6)
Medicaid 3,596 (24.2) 1,958 (25.0) 1,413 (24.2)
Liver Procedure
None 8,762 (59.1) 4,883 (62.2) 4,945 (84.8) <0.001
Local treatment or tumor ablation* 2,712 (18.3) 1,092 (13.9) 230 (3.9)
Hepatic Resection 3,365 (22.7) 1,873 (23.9) 656 (11.3)
Chemotherapy
No 8,490 (57.2) 3,511 (44.7) 2,837 (48.7) <0.001
Yes 6,349 (42.8) 4,337 (55.3) 2,994 (51.4)
Patients with less than a high school
education (quintiles)
| 2,960 (20.0) 1,580 (20.1) 1,215 (20.8) 0.014
2 2,957 (19.9) 1,629 (20.8) 1,136 (19.5)
3 3,052 (20.6) 1,713 (21.8) 1,221 (20.9)
4 2,953 (19.9) 1,462 (18.6) 1,083 (18.6)
5 2,917 (19.7) 1,464 (18.7) 1,176 (20.2)
Median household income (quintiles)
| 2,960 (20.0) 1,531 (19.5) 1,217 (20.9) 0.001
2 4,543 (30.6) 2,290 (29.2) 1,808 (31.0)
3 1,578 (10.6) 849 (10.8) 596 (10.2)
4 2,948 (19.9) 1,542 (19.7) 1,176 (20.2)
5 2,810 (18.9) 1,636 (20.9) 1,034 (17.7)

*Individuals with stage IlIB HCC are generally not considered surgical candidates and were therefore excluded from the analysis.

“Insured” refers to individuals with private insurance or Medicare coverage.

*Local treatment or tumor ablation includes photodynamic therapy, electrocautery, fulguration, cryosurgery, and/or laser therapy.

were less likely than members of any other group to undergo
hepatic resection. Furthermore, as compared to APl and WH
individuals, AA and NA were significantly less likely to
receive any surgical intervention. Interestingly, the overall rate
of local treatment or ablation was found to have steadily
increased since 2007 among all ethnic groups. The relationship
between race and HCC intervention is illustrated in Figure 2.

Insurance status and median household income also influ-
enced treatment strategies. Uninsured patients (RRR = 0.42;
95% CI: 0.34-0.53) and those with Medicaid coverage
(RRR = 0.54; 95% CI: 0.50-0.59) were less likely to undergo
hepatic resection or local treatment/ablation than individuals

with private insurance or Medicare (Table 2). Interestingly,
there was a negative correlation between income and likelihood
of hepatic resection: patients in the fifth quintile of median
household income were less likely to undergo hepatic resection
than low income individuals (RRR = 0.86; 95% CI: 0.77-0.96).
Individuals in this cohort, however, were also significantly
more likely than those in the bottom 4 quintiles to undergo
local treatment/ablation (RRR = 1.21; 95% CI: 1.05 -1.38).
It therefore appears likely that less invasive treatment modal-
ities are favored among individuals of the highest income
strata, who are more likely than their lower income counter-
parts to present with potentially-resectable disease (Table 3).
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Table 2. Multivariate Multi Nominal Regression Analysis for Tumor Characteristics and Socioeconomic Factors Associated With Treatment

Allocation Compared With No Surgical Treatment in HCC Patients.

Hepatic resection, Multivariate

Local treatment/tumor ablation,

Variable RRR (95% CI), N = 5,894 P-value Multivariate RRR (95% CI), N = 4,034 P-value
Sex
Female 1.00 (Reference) 1.00
Male 0.74 (0.69-0.80) <0.001 0.98 (0.90 -1.07) 0.603
Race
African American 1.00 1.00
Asian/Pacific Islander 1.61 (1.43 -1.82) <0.001 1.43 (1.24 -1.66) <0.001
White 0.98 (0.88 -1.08) 0619 1.10 (0.98 -1.24) 0.097
American Indian/Alaskan Native 0.59 (0.42-0.83) 0.002 1.24 (0.91 -1.68) 0.179
Age
18-49 1.00 1.00
50-59 0.65 (0.58-0.73) <0.001 1.12 (0.95 -1.31) 0.179
60-89 0.48 (0.42-0.53) <0.001 0.96 (0.82 -1.12) 0.584
Marital status
Married 1.00 1.00
Divorced 0.59 (0.54-0.65) <0.001 0.93 (0.84 -1.03) 0.186
Single 0.66 (0.61-0.72) <0.001 0.92 (0.84 -1.01) 0.088
Widowed 0.50 (0.44-0.57) <0.001 0.78 (0.68-0.89) <0.001
Insurance status
Insured 1.00 1.00
Uninsured 0.42 (0.34-0.53) <0.001 0.82 (0.66 -1.02) 0.070
Medicaid 0.54 (0.50-0.59) <0.001 0.84 (0.77-0.92) <0.001
AJCC Staging (6th Edition)
| 1.00 1.00
Il 1.00 (0.93 -1.07) 0.959 0.72 (0.66-0.78) <0.001
llla 0.33 (0.30-0.37) <0.001 0.14 (0.12-0.16) <0.001
Patients with less than a high
school education (quintiles)
| 1.00 1.00
2 1.00 (0.90 -1.10) 0.954 0.96 (0.86 -1.07) 0.442
3 0.80 (0.72-0.88) <0.001 0.66 (0.59-0.74) <0.001
4 0.82 (0.74-0.92) <0.001 0.68 (0.60-0.77) <0.001
5 0.86 (0.76-0.96) 0.010 0.79 (0.69-0.90) 0.001
Median household income (quintiles)
| 1.00
2 0.89 (0.82-0.98) 0.017 1.06 (0.96 -1.19) 0.323
3 0.93 (0.82 -1.05) 0.239 1.18 (1.02 -1.38) 0.026
4 0.99 (0.89 -1.10) 0.813 1.69 (1.49 -1.91) <0.001
5 0.86 (0.77-0.96) 0.008 1.21 (1.05 -1.38) 0.007

*The base outcome for multinomial regression is “no liver procedure.”

Lastly, there was a significant association between marital
status and intervention: as compared to single or divorced indi-
viduals, those who were married were more likely to undergo
hepatic resection. Interestingly, however, marital status had no
significant effect on the likelihood of undergoing ablation
(Table 3).

Hepatocellular Carcinoma Survival

The median OS for all patients diagnosed with HCC during the
study period was 23 months. Individuals who underwent hepa-
tic resection exhibited prolonged survival (median OS:
96 months) as compared to those who received no surgical
treatment (median OS: 14 months) or local treatment/ablation
(median OS: 40 months). The 3- and 5-year survival rate for the

entire cohort was 38.5% (95% CI: 37.9-39.1) and 28.2%
(95% CI: 27.6-28.9), respectively.

There were significant racial disparities in OS. API were
found to have the highest median OS survival at 35 months;
this was followed by WH and NA, both of whom had a median
OS of 22 months. Median OS was the shortest among AA at
18 months. The relationship between race and HCC manage-
ment and outcomes is illustrated in Figure 2. In addition, sig-
nificant gender disparities were observed: females exhibited
superior OS as compared to males (aHR = 0.89; 95% CI:
0.85-0.93; Reference Gender: M), and the 5-year survival rate
was 31.0% in women versus 27.4% in men.

Median OS was also affected by income, educational level,
insurance, and marital status. There was a distinct survival
advantage for individuals residing in geographic regions in
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Figure 2. Panel A. predicted probability of intervention based on race. Over time, the likelihood of undergoing hepatic resection decreased
while the likelihood of receiving local destruction/ablation or no intervention increased among all races. Figure 2, Panel B. predicted probability
of intervention based on race. The race effect plot demonstrates that APl were significantly more likely than individuals in any other ethnic group

to undergo hepatic resection.

which the median household income was in the fifth quintile,
and there was a direct correlation between level of education
and median OS. Individuals with private insurance or Medicare
demonstrated prolonged OS as compared to those with Medi-
caid. Outcomes were significantly worse among the uninsured
(Figure 3). Lastly, marriage conferred a significant survival
advantage; overall survival was poorer among patients who
were single, divorced, or widowed.

Lastly, treatment modality had a significant effect on OS.
The best outcomes were seen among patients who underwent
hepatic resection, in whom the risk of death was significantly
lower than individuals who underwent local treatment/ablation
or no surgical intervention (aHR = 0.24; 95% CI: 0.22-0.25;
Reference: “No Treatment”). Indeed, in comparing OS, hepatic
resection was far superior to local treatment/ablation. The
effect of treatment modality on OS is further detailed in
Table 3.

Discussion

Sociodemographic characteristics have a significant effect on
health care access, delivery, and outcomes. Indeed, it has been
definitively established that an individual’s race, gender, insur-
ance status, and wealth can influence his or her care and clin-
ical course. The effect of sociodemographic factors on patient
care is perhaps most evident in the setting of malignancy. Afti-
can Americans with resectable gastric cancer, for example, are
more likely to receive a recommendation against surgery than
their White and Asian counterparts.'> The female sex favors
prolonged survival in numerous malignancies, including head
and neck cancers, melanoma, and leukemia.'* Low income
individuals tend to fare substantially worse than the wealthy
across a range of health-related outcomes, including quality of
life and overall survival.'>'® In the setting of cancer, low
income is associated with inferior survival among both

children'” and adults.'® Insurance status may also affect patient
outcomes, as previous investigations have revealed that indi-
viduals with government-funded insurance are less likely to
undergo curative therapy than those with private insurance.'®
The preponderance of the evidence indeed suggests that health
care outcomes vary significantly based on immutable demo-
graphic and sociodemographic variables. The underlying
causes of these disparities remain to be established. However,
it is conceivable that there are multiple contributory elements,
including lifestyle factors, health care access, implicit bias,
environmental influences, and biological differences that exist
between races and genders.

The Effect of Race on HCC Management and Outcomes

The relationship between race and health care outcomes has
been studied extensively. Data suggest that African Americans
are disproportionately affected by racial disparities and are
undertreated to a greater extent than members of any other
ethnic group.'®?! Previous investigations have demonstrated
that health care inequality is particularly pronounced in the
fields of hematology and oncology. African Americans with
prostate cancer, for example, are significantly less likely to
receive definitive therapy than their White counterparts. Pre-
ventive cancer care is also suboptimal; African Americans are
one-third less likely than Whites to receive a recommendation
for colorectal cancer screening,”> and mammography rates
among African American women are significantly lower than
any other ethnic group.®* It has been postulated that these
health care disparities can be attributed to various factors that
affect the African American community, including limited
access to health care, distrust of the medical establishment, and
implicit bias.'?

Our investigation revealed several compelling findings that
contribute to the ongoing discussion on race and health care
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Table 3. Sociodemographic and Tumor Characteristics Associated
With OS for Patients With Resectable HCC.

Variable aHR* (95% Cl) P-value
Sex
Female 1.00
Male 1.13 (1.09 -1.17) <0.001
Race
African American 1.00
Asian/Pacific Islander 0.77 (0.73-0.82) <0.001
White 0.97 (0.93 -1.01) 0.149
American Indian/Alaskan Native 0.88 (0.77 -1.01) 0.068
Age (continuous) ¥ 1.02 (1.01 -1.02) <0.001
Year of diagnosis (2007-2015) 0.96 (0.96-0.97) <0.001
Marital status
Married 1.00
Divorced 1.10 (1.06 -1.15) <0.001
Single 1.14 (1.09 -1.18) <0.001
Widowed 1.13 (1.07 -1.19) <0.001
Insurance status
Insured 1.00
Uninsured 1.30 (1.20 -1.41) <0.001
Medicaid 117 (1.13 -1.21) <0.001
AJCC Staging (6th Edition)
| 1.00
Il 1.19 (1.15 -1.23) <0.001
Illa 2.41 (2.32-2.50) <0.001
Surgical intervention
None 1.00
Local treatment/ablation 0.47 (0.45-0.49) <0.001
Hepatic resection 0.24 (0.22-0.25) <0.001
Chemotherapy ¥
No 1.00
Yes 0.82 (0.68-0.99) 0.034
Patients with less than a high
school education (quintiles)
| 1.00
2 1.01 (0.96 -1.06) 0.724
3 0.95 (0.91 -1.00) 0.036
4 1.01 (0.96 -1.06) 0.801
5 0.93 (0.88-0.98) 0.008
Median household income
(quintiles)
| 1.00
2 0.89 (0.85-0.93) <0.001
3 0.86 (0.81-0.91) <0.001
4 0.89 (0.85-0.94) <0.001
5 0.76 (0.72-0.80) <0.001

*aHR = adjusted hazard ratio for death
¥The P-value for interaction between age at diagnosis and chemotherapy was
statistically significant (P = 0.011)

disparities. Of particular interest is the narrowing health care gap
between African Americans and other ethnic groups. Indeed, ina
comparison of African American, White, and Native American/
Alaskan Native individuals with resectable HCC, we found no
significant differences in the likelihood of surgical recommen-
dation or overall survival. The absence of any racial disparities
between African Americans and Whites represents an important
observation that is consistent with other recent findings pertain-
ing to race and health care outcomes.

In a landmark 2017 study published in Morbidity and Mor-
tality Weekly Report, authors noted that the racial disparity gap
in all-cause mortality rates narrowed from 33% in 1999 to 16%
in 2015.>° Other analyses have reported similar findings.
A recent article on racial disparities in surgical mortality
revealed that gaps between African Americans and Whites
declined during the early-2000s; over the 9-year study period
(2004-2015), authors observed a significant decrease in the
mortality differential between African Americans and Whites.
Furthermore, they found that the mortality trend was improving
at a more rapid rate for African Americans than for Whites.?®
The narrowing health care gap has also been reported in the
setting of oncology, wherein racial disparities in cancer death
rates have sharply declined in recent years.”” These findings
represent a marked improvement as compared to 2 decades
ago. Indeed, between 1998 and 2015, the African
American-to-White overall mortality ratio decreased from
approximately 1.56 to 1.16.2%2®

Our analysis of HCC management and outcomes contributes
to the growing body of evidence indicating that the racial dis-
parity gap is rapidly narrowing in the United States. We found
that African Americans were equally likely to receive a recom-
mendation for surgery as their White and Native American/
Alaskan Native counterparts. In addition, overall survival was
equivalent between all 3 ethnic groups (Table 2). The under-
lying reasons for the narrowing racial disparity gap remain to
be established, but it has been postulated that a dual strategy of
universal and targeted interventions has played an important
role in improving health care outcomes among African Amer-
icans.”> Other investigators have proposed that the narrowing
racial disparity gap can be explained simply by general changes
in risk exposure and disease incidence that have occurred over
time.?° Notably, however, improved health care outcomes
among African Americans are not universal across all condi-
tions, and marked disparities still exist in the setting of gastric
adenocarcinoma,'? non-small cell lung cancer,® squamous cell
carcinoma,”’ and many other malignancies.

Gender and HCC

Gender has a marked effect on both HCC incidence and out-
comes. Not only are women 4 to 8 times less likely to develop
HCC than men, but our analysis revealed that females with
resectable tumors exhibit superior overall and 5-year survival.
These findings are similar to those described by other
authors.*? In an analysis of SEER data collected between
1988 and 2010, Yang et al. observed superior overall survival
among females as compared to males. Notably, investigators
adjusted for race, stage of disease, tumor size, tumor grade, and
year of diagnosis. The Yang group postulated that estrogen is
protective against hepatocarcinogenesis; this hypothesis was
supported by the observation that there is an inverse relation-
ship between age at menopause and HCC risk. Moreover, the
greatest gender disparity in overall survival was noted among
women aged 18 to 44 years, in whom estrogen levels are pre-
sumably the highest. Previous studies have also demonstrated
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Figure 3. Panel A. Kaplan—Meier (K-M) survivor function for difference in overall survival by race. A greater proportion of Asian Americans
(API, indicated by the red curve) were living throughout the time period in which the analysis was conducted as compared to Whites (green
curve), Native Americans (yellow curve) and African Americans (AA, blue curve). Figure 3, Panel B. Kaplan—Meier (K-M) survivor function for
difference in overall survival by sex. A greater proportion of women (blue curve) were living throughout the time period in which the analysis
was conducted as compared to men (red curve). Figure 3, panel C. Kaplan—Meier (K-M) survivor function for difference in overall survival by
insurance status. A greater proportion of individuals with Medicare or private insurance (blue curve) were living throughout the time period in
which the analysis was conducted as compared to those with Medicaid (green curve) or no insurance (red curve). Figure 3, Panel D. Kaplan—
Meier (K-M) survivor function for difference in overall survival by liver procedure. A greater proportion of patients who underwent hepatic
resection (green curve) were living throughout the time period in which the analysis was conducted as compared to those who underwent local
destruction/ablation (red curve) or no surgical intervention (blue curve).

that use of hormone replacement therapy is associated with a
lower risk of HCC.**® Favorable prognostic factors that are
more commonly observed among women with HCC—as com-
pared to men—include smaller tumor size, lower bilirubin
levels, and decreased frequency of venous invasion.**

We postulate that the improved survival observed among
women with resectable HCC is related to both sex hormones
and behavioral risk factors. In addition to the aforementioned
estrogen effects, data suggest that androgen/androgen receptor
signaling promotes hepatocarcinogenesis and HCC develop-
ment.>> Furthermore, as compared to women, men are more
likely to smoke cigarettes, drink alcohol, and present with HBV
and HCV coinfection; all of these factors are associated with a
poor prognosis.>®

The Effect of Insurance on HCC Prognosis

It has been definitively established that individuals receiving
government-funded insurance experience worse health care

outcomes than those with private insurance. Indeed, in a 2019
study by Sobotka et al., authors concluded that patients with
HCC who were on Medicaid, as compared to those with private
insurance, were more likely to: (1) present with decompensated
liver disease and other comorbidites; (2) have difficulty acces-
sing specialists; (3) present with metastatic disease; (4) experi-
ence a lower quality of life; and (5) exhibit higher mortality.'® In
addition, patients with Medicaid were less likely to undergo
HCC treatment, and those who did receive treatment were less
likely to undergo expensive interventions, such as transarterial
chemoembolization (TACE) and liver transplantation.

Interestingly, although it has been hypothesized that the
poor outcomes associated with Medicaid merely reflect
the sequelae of poverty, we adjusted for median household
income in our analysis and nevertheless found markedly poorer
survival among individuals on Medicaid as compared to those
with Medicare or private insurance.

The factors underlying poor outcomes among the Medicaid
population remain to be established. One important aspect



Beutler et al

identified by the Sobotka group is HCV, which represents the
most common risk factor for HCC in the United States. Indi-
viduals on Medicaid are less likely to have access to curative
treatment for HCV and are therefore more likely to go on to
develop HCC than their privately-insured counterparts.
Furthermore, in a recent study by Duma et al., investigators
reported that individuals on Medicaid were more likely to
refuse cancer treatment as compared to those with private
insurance.®’ It is conceivable that this is fueled by a general
sense of skepticism toward the medical community that is per-
vasive among the Medicaid population.

Income and HCC

Income has a significant effect on HCC survival. Our anal-
ysis revealed a strong survival advantage for individuals in
the top 20% of median household income as compared to
those of low income. Furthemore, high income patients
were significantly more likely than those in the bottom
4 quintiles of median household income to undergo local
treatment/ablation.

The relationship between income and HCC outcomes has
been previously investigated. In a 2017 retrospective analysis
by Shen et al., authors evaluated the effect of household income
on HCC mortality and survival rates.*® Household income was
stratified into 3 groups: low (<$50,000 per year), moderate
($50,000-$200,000), and high income (>$200,000). The Shen
group observed a higher 30-day mortality rate in the
low-income group as compared to the moderate and
high-income groups. The highest income patients also had a
significantly better prognosis than the moderate and
low-income groups with a median survival of 46 months versus
37 months and 34 months, respectively.

The underlying cause of income inequality in HCC survival
remains to be established. However, Shen et al. reported that
low-income individuals were more likely than their
high-income counterparts to have a low educational level and
live in a rural area. Low-income patients also presented with
more advanced disease than either moderate or high-income
groups, and high-income individuals had better Child-Pugh
scores at admission than those in either of the other 2 groups.
The major risk factor that disproportionately affects those of
low income therefore appears to be late diagnosis.

Limitations

Our study provides important insight into various sociodemo-
graphic characteristics that may predict outcomes in HCC.
However, there are several limitations inherent to its design.
First and foremost, the analysis was retrospective in nature
and therefore cannot demonstrate causality. Second, there is no
transplant data available through the SEER program. Third, the
SEER program does not provide information pertaining to liver
function or MELD scoring. Fourth, specific treatment informa-
tion, such as chemotherapy data, is not available in the SEER
database. Lastly, we we did not have baseline data on

comorbidities. Despite these limitations, we were able to adjust
for most variables pertinent to HCC outcomes.

Conclusion

Health care equality in the setting of HCC represents an
ambitious challenge. A dual strategy of universal and tar-
geted interventions can be effective in reducing racial dispa-
rities. Gender disparities may be improved by promoting
healthy lifestyle habits among men. The inferior outcomes
observed among uninsured individuals and those on Medicaid
may need to be addressed through comprehensive health care
reform. As economic inequality remains at the forefront of
our national dialogue, community investment should target
low-income districts to improve screening and access to con-
sultative care. Furthermore, understanding the biologic basis
for the higher survival observed in Asians will hopefully
translate into improved care for minorities and low income
individuals. We believe that our analysis provides a frame-
work for future avenues of research that will help improve
HCC outcomes among the most underserved segments of the
population.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Bryce D. Beutler, MD  https://orcid.org/0000-0002-5071-1826

References

1. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA Cancer J Clin. 2018;
68(6):394-424. doi:10.3322/caac.21492

2. El-Serag HB, Mason AC. Rising incidence of hepatocellular car-
cinoma in the United States. N Engl J Med. 1999;340(10):
745-750. doi:10.1056/NEJM199903113401001

3. Altekruse SF, McGlynn KA, Reichman ME. Hepatocellular car-
cinoma incidence, mortality, and survival trends in the United
States from 1975 to 2005. J Clin Oncol. 2009;27(9):1485-1491.
doi:10.1200/JC0.2008.20.7753

4. Bosch FX, Ribes J, Diaz M, Cléries R. Primary liver cancer:
worldwide incidence and trends. Gastroenterology. 2004;127(5
Suppl 1):S5-S16. doi:10.1053/j.gastro.2004.09.011

5. Shebl FM, Capo-Ramos DE, Graubard BI, McGlynn KA, Sean
FA. Socioeconomic status and hepatocellular carcinoma in the
United States. Cancer Epidemiol Biomarkers Prev. 2012;21(8):
1330-1335. doi:10.1158/1055-9965.EPI-12-0124


https://orcid.org/0000-0002-5071-1826
https://orcid.org/0000-0002-5071-1826
https://orcid.org/0000-0002-5071-1826

10

Cancer Control

-

. Mittal S, El-Serag HB. Epidemiology of hepatocellular
carcinoma: consider the population. J Clin Gastroenterol. 2013;
47(Suppl):S2-S6. doi:10.1097/MCG.0b013e318287229

. Ghouri YA, Mian I, Rowe JH. Review of hepatocellular carci-

noma: epidemiology, etiology, and carcinogenesis. J Carc. 2017;
16:1. doi:10.4103/jcar.JCar_9_16

8. Kee KM, Wang JH, Lin CY, Chih-Chi W, Yu-Fan C, Sheng-Nan

9.

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

L. Validation of the 7th edition TNM staging system for hepato-
cellular carcinoma: an analysis of 8,828 patients in a single med-
ical center. Dig Dis Sci. 2013;58(9):2721-2728. doi:10.1007/
$10620-013-2716-8

Cance WG, Stewart AK, Menck HR. The national cancer data
base report on treatment patterns for hepatocellular carcinomas:
improved survival of surgically resected patients, 1985-1996.
Cancer. 2000;88(4):912-920. doi:10.1002/(sici)1097-0142
(2000215)88:4<912:: aid-cncr23>3.0co;2-t.

Sobotka LA, Hinton A, Conteh LF. Insurance status impacts treat-
ment for hepatocellular carcinoma. Ann Hepatol. 2019;18(3):
461-465. doi:10.1016/j.aohep.2018.10.001

Yanagihara H, Kamo K, Imori S, Kenichi S. Bias-corrected AIC
for selecting variables in multinomial logistic regression models.
Lin Alg Appl. 2012;436(11):4329-4341. doi:10.1016/j.1aa.2012.
01.018

Hosmer DW. Review of an introduction to survival analysis using
Stata. Stata J. 2002;2(4):428-431.

Ulanja MB, Beutler BD, Rishi M, et al. Influence of race and
geographic setting on the management of gastric adenocarcinoma.
J Surg Oncol. 2019;120(2):270-279. doi:10.1002/js0.25503
Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and
mortality worldwide: sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer. 2015;136(5):E359-E386. doi:
10.1002/ijc.29210

Diez Roux AV, Mair C. Neighborhoods and health. Ann N Y Acad
Sci. 2010;1186:124-145. doi:10.1111/j.1749-6632.2009.05333.x
Robinette JW, Charles ST, Almeida DM, Tara LG. Neighborhood
features and physiological risk: an examination of allosteric load.
Health Place. 2016;41:110-118. doi:10.1016/j.healthplace.2016.
08.003

Gupta S, Wilejto M, Pole JD, Astrid G, Lillian S. Low socio-
economic status is associated with worse survival in children with
cancer: a systematic review. PLoS One. 2014;9(2):e89482. doi:
10.1371/journal.pone.0089482

. Ebner PJ, Ding L, Kim AW, et al. The effect of socioeconomic
status on treatment and mortality in non-small cell lung cancer
patients. Ann Thorac Surg. 2019;109(1):225-232. doi:10.1016/].
athoracsur.2019.07.017

McGuire TG, Miranda J. New evidence regarding racial and eth-
nic disparities in mental health: policy implications. Health Aff
(Millwood). 2008;27(2):393-403. doi:10.1377/hlthaff.27.2.393.
Saab S, Jackson C, Nieto J, Fritz F. Hepatitis C in African Amer-
icans. Am J Gastroenterol. 2014;109(10):1576-1584. doi:10.
1038/ajg.2014.243

Hoffman KM, Trawalter S, Axt JR, Norman Oliver M. Racial bias
in pain assessment and treatment recommendations, and false
beliefs about biological differences between blacks and whites.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Proc Natl Acad Sci U.S.A.2016;113(16):4296-4301. doi:10.1073/
pnas.1516047113

Friedlander DF, Trinh QD, Krasnova A, et al. Racial disparity in
delivering definitive therapy for intermediate/high-risk localized
prostate cancer: the impact of facility features and socioeconomic
characteristics. Eur Urol. 2018;73(3):445-451. doi:10.1016/j.
eururo.2017.07.023

Williams R, White P, Nieto J, Dorice V, Fritz F, Frank H. Color-
ectal cancer in African Americans: an update. Clin Transl Gastro-
enterol. 2016;7(7):e185. doi:10.1038/ctg.2016.36

Bigby J, Holmes MD. Disparities across the breast cancer con-
tinuum. Cancer Causes Control. 2005;16(1):35-44. doi:10.1007/
$10552-004-1263 -1

Cunningham TJ, Croft JB, Liu Y, Lu H, Eke PI, Giles WH. Vital
signs: racial disparities in age-specific mortality among blacks or
African Americans—United States, 1999-2015. MMWR Morb
Mortal Wkly Rep. 2017;66(17):444-456. doi:10.15585/mmwr.
mmo6617el

Mehtsun WT, Figueroa JF, Zheng J, John OE, Ashish KJ. Racial
disparities in surgical mortality: the gap appears to have
narrowed. Health Aff (Milwood). 2017;36(6):1057-1064.
doi:10.1377/hlthaff.2017.0061

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017.
CA Cancer J Clin. 2017;67(1):7-30. doi:10.3322/caac.21387
Levine RS, Foster JE, Fullilove MT, et al. Black-white inequal-
ities in mortality and life expectancy, 1933-1999: implications for
healthy people 2010. Public Health Rep. 2001;116(5):474-483.
doi:10.1093/phr/116.5.474

Firebaugh G, Acciai F, Noah AJ, Christopher P, Claudia N.
Why the racial gap in life expectancy is declining in the United
States. Demo Res. 2014;31:975-1006. doi:10.4054/DemRes.
2014.31.32

Soneji S, Tanner NT, Silvestri GA, Christopher SL, William B.
Racial and ethnic disparities in early-stage lung cancer survival.
Chest. 2017;152(3):587-597. doi:10.1016/j.chest.2017.03.059
Hayes DN, Peng G, Pennella E, et al. An exploratory subgroup
analysis of race and gender in squamous cancer of the head and
neck: inferior outcomes for African American males in the LOR-
HAN database. Oral Oncol. 2014;50(6):605-610. doi:10.1016/j.
oraloncology.2014.02.016

Yang D, Hanna DL, Usher J, et al. Impact of sex on the survival of
patients with hepatocellular carcinoma: a surveillance, epidemiol-
ogy, and end results analysis. Cancer. 2014;120(23):3707-3716.
doi:10.1002/cncr.28912

Yu MW, Chang HC, Chang SC, et al. Role of reproductive factors
in hepatocellular carcinoma: impact of hepatitis B- and C-related
risk. Hepatology. 2003;38(6):1393-1400. doi:10.1016/j.hep.2003.
09.041

Tangkijvanich P, Mahachai V, Suwangool P, Yong P. Gender
difference in clinicopathologic features and survival of patients
with hepatocellular carcinoma. World J Gastroenterol. 2004;
10(11):1547-1550. doi:10.3748/wjg.v10.i111.1547

Yeh SH, Chen PH. Gender disparity of hepatocellular carcinoma:
the role of sex hormones. Oncology. 2010;78(suppl 1):172-1798.
doi:10.1159/000315247



Beutler et al

36. Wu EM, Wong LL, Hernandez BY, et al. Gender differences in
hepatocellular carcinoma: disparities in nonalcoholic fatty liver
disease/steatohepatitis and liver transplantation. Hepatoma Res.
2018;4:66. doi:10.20517/2394-5079.2018.87

37. Duma N, Idossa DW, Durani U, et al. Influence of sociodemo-
graphic factors on treatment decisions in non-small-cell lung

38.

cancer. Clin Lung Cancer. 2019;21(3):e115-e129. doi:10.1016/].
cllc.2019.08.005

Shen Y, Guo H, Wu T, et al. Lower education and household
income contribute to advanced disease, less treatment received
and poorer prognosis in patients with hepatocellular carcinoma.
J Cancer. 2017;8(15):3070-3077. doi:10.7150/jca.19922




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


