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Abstract
BACKGROUND—Patients with hepatocellular carcinoma (HCC) have a poor prognosis if their
tumors are not diagnosed early. The authors investigated factors associated with the receipt of
liver transplant among patients with HCC and evaluated the effects of these differences on
survival.

METHODS—The authors reviewed records from consecutive patients diagnosed with HCC at
Columbia University Medical Center from January 1, 2002 to September 1, 2008. We compared
patient clinical and demographic characteristics, developed a multivariable logistic regression
model of predictors of transplant, and used a Cox model to analyze predictors of mortality.

RESULTS—Of 462 HCC patients, 175 (38%) received a transplant. Black patients were much
less likely than whites to receive a transplant (odds ratio [OR], 0.03; 95% confidence interval [CI],
0.0–0.37). Hispanics and Asians were also less likely to undergo transplantation, but the
differences were not statistically significant. Patients with private insurance were more likely to
receive a transplant than those with Medicaid (odds ratio [OR], 22.07; 95% confidence interval
[CI], 2.67–182.34). Black and Hispanic patients, and Medicaid recipients, presented with more
advanced disease than whites and privately insured patients, and had poorer survival. In a Cox
model, those who did not receive a transplant were 3 times as likely as transplant recipients to die,
but race and insurance were not independently predictive of mortality.

CONCLUSIONS—Race and insurance status were strongly associated with receipt of
transplantation and with more advanced disease at diagnosis, but transplantation was the most
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important determinant of survival. Improved access to care for non-white and Medicaid patients
may allow more patients to benefit from transplant.
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Hepatocellular carcinoma (HCC) is an aggressive disease with a poor prognosis. In the
United States, the overall 5-year relative survival rate for HCC is 11.7%. In 2008, more than
21,000 people were diagnosed with HCC and more than 18,000 died from their cancer.1 In
the past 30 years, the incidence and mortality rates for HCC in the United States have more
than doubled. This increase has been attributed to the rising rates of hepatitis C (HCV)
infection in the United States, and migration from hepatitis B (HBV)-endemic areas.2

Liver transplantation is an effective treatment for some patients with early HCC. Among
patients who met the Milan criteria (defined as a single lesion ≤5 cm, up to 3 separate
lesions, none larger than 3 cm, no evidence of gross vascular invasion, and no regional nodal
or distant metastases), 4-year survival rates were found to be 75%,3 similar to outcomes in
patients who received transplants for nonmalignant indications.4 In 2002, the United
Network for Organ Sharing (UNOS) developed the Model for End-Stage Liver Disease
(MELD) allocation system which gave priority for liver transplants to HCC patients who
met the Milan criteria. Implementation of the MELD system led to a 6-fold increase in the
proportion of liver transplantation patients with HCC.5

Unfortunately, only about one-third of all cases of HCC are diagnosed while they are within
the Milan criteria.1 Barriers to early diagnosis and receipt of transplant are, therefore,
important areas of investigation. The purpose of our study was to identify factors associated
with receipt of transplant in patients with HCC and to evaluate how these differences affect
survival.

MATERIALS AND METHODS
Sample Selection

By using ICD-9 code 155.0 (malignant neoplasm liver primary) as a search criterion for our
medical center’s clinical information system (CIS), we identified all patients diagnosed with
HCC at Columbia Presbyterian College of Physicians and Surgeons–New York-Presbyterian
Hospital from January 1, 2002 to September 1, 2008. We corroborated these data with a
second search for patients with an alpha fetoprotein (AFP) > 200 ng/mL, all of whom were
then clinically confirmed to have HCC through review of imaging and clinical
characteristics. The protocol was approved by the Columbia University Medical Center
Institutional Review Board.

Sociodemographic and Surgical Treatment Variables
We obtained information from our electronic medical records and paper charts on patients’
demographic characteristics, (eg, age, gender, and self-reported race/ethnicity), health
history (eg, hepatitis B, hepatitis C, ethanol use, nonalcoholic steatohepatitis [NASH]), and
HCC-related variables (Child-Pugh score, Milan criteria, American Joint Committee on
Cancer [AJCC] stage, AFP, and tumor size). Child-Pugh score was computed according to a
formula incorporating measures of total serum bilirubin, albumin, international normalized
ratio, presence of ascites and encephalopathy grade taken closest to and preceding the date
of surgery. The AFP level was the maximum serum AFP measured before surgery. Tumor
size was determined by the maximum tumor diameter by radiologic measurement, either by
CT scan or MRI.
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We also collected data on some comorbid conditions (hyperlipidemia, diabetes,
hypertension, and coronary artery disease) and categorized patients as having one of these
conditions if the clinical notes mentioned it or if the patient used medications for it. We
categorized patients taking beta blockers as having systemic hypertension only if the clinical
notes mentioned an indication other than portal hypertension. NASH was defined clinically
as a body mass index (BMI) >30 kg/m2 plus 1 additional component of the metabolic
syndrome. Tobacco use was categorized as ever or never, and insurance coverage was
categorized as private, Medicare, or Medicaid. We obtained information on median
household income of the patient’s zip code of residence from the United States Census
Bureau FactFinder database.6 We also collected information on surgical treatment, including
liver transplantation. Dates of death were abstracted using our medical records and the social
security death index.

Statistical Analysis
Frequency distributions of the above variables were compared between patients who did and
did not receive transplant. Continuous variables (age, AFP, tumor size, and median
household income) were divided into quartiles for statistical analyses. χ2 tests were used to
evaluate the statistical significance of differences in distribution of the variables between
groups. We developed logistic regression models to analyze the association of these
variables with the receipt of liver transplant. Survival curves for receipt of transplant,
ethnicity, and insurance status were generated using Kaplan-Meier analysis. Cox
proportional hazards models were used to evaluate predictors of all-cause mortality. All
statistical analyses were performed with SAS software (Cary, NC, version 9.1).

RESULTS
From January 1, 2002 to September 1, 2008, 462 consecutive patients with HCC were
evaluated at our institution. Their median age at diagnosis was 60 years (range = 23–94),
and 79% were men. About 40% of patients were non-Hispanic white (white), 31% Hispanic,
14% non-Hispanic black (black), 10% Asian, and 5% other; 62% had private insurance,
20% Medicare, and 19% Medicaid. Of the total, 175 (38%) received liver transplantation
(Table 1).

More transplant recipients than nontransplant recipients were white, ≤60 years of age, and
privately insured. Transplant recipients also had less advanced disease than those who did
not receive a transplant (Table 1). In a multivariable logistic regression model, receiving a
transplant was associated with private insurance, smaller tumors, fitting the Milan criteria,
being younger, and having a lower AFP. Black patients were much less likely than white
patients to receive a liver transplant (OR = 0.03; 95% CI, 0.0–0.37) (Table 2). Hispanics and
Asians were also less likely than whites to receive a transplant, but the associations were not
statistically significant (OR = 0.42; 95% CI, 0.09–2.08 for Hispanics, and OR = 0.33; 95%
CI, 0.02–4.44 for Asians). Patients with private insurance were 22 times more likely to
receive transplants than those with Medicaid (OR, 22.07; 95% CI, 2.67–182.34).

Overall median survival was 1.9 years. The 1-year, 3-year, and 5-year survival percentages
were 92.6%, 70.6%, and 57.3% for transplanted patients and 48.2%, 14.0%, and 6.2% for
nontransplanted patients. One-year, 3-year, and 5-year survival percentages were more
favorable for whites than for those of other groups and for the privately insured than for
those on Medicaid or Medicare (Table 3). Kaplan Meier survival curves differed
significantly by receipt of transplant (P < .0001; Fig. 1), ethnicity (P = .0008; Fig. 2), and
insurance status (P < .0001; Fig. 3) using the log-rank test.
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We then performed a Cox proportional hazards model to determine predictors of all-cause
mortality (Table 4). Mortality was more than 3 times as high among nontransplanted
patients as among transplanted patients (hazard ratio [HR], 3.62; 95% CI, 1.81–7.27), even
when factors such as Child-Pugh class and AFP were taken into account. In the Cox model,
ethnicity and insurance status were not significant independent predictors of all-cause
mortality.

In an analysis of patient characteristics evaluating race/ethnicity, we found that blacks and
Hispanics were more likely than whites to be diagnosed with late-stage disease, tumors
outside of the Milan criteria, high Child-Pugh scores, high AFP levels and lower median
household incomes. They were also less likely than whites to have private insurance and
more likely to have comorbid conditions, such as hypertension (Table 5).

DISCUSSION
If not diagnosed at an early stage, HCC has a dismal prognosis. In our multivariate model,
receipt of transplant was the strongest predictor of survival. Among transplant recipients,
patients who fit the Milan criteria have better survival than those who do not.3 However, our
data indicate that patients who meet those criteria are not randomly distributed in the
population. In our study, race/ethnicity and insurance status were associated with both
meeting the Milan criteria and receiving a transplant.

We found that black patients with HCC were 30 times less likely than whites to receive liver
transplantation. Racial disparities in liver transplantation have been reported in the past. In a
national study using data from 1998–2003, blacks with end-stage liver disease were less
likely than whites to be listed for transplantation, and once listed, less likely to receive a
transplant. The overall rate of liver transplantation was 3 times as high among whites as
among blacks.7 In a pre-MELD cohort, black patients were less likely than white patients to
receive a liver transplant and more likely to die or become too sick for liver transplantation
within 3 years of registering on the waiting list. After the introduction of the MELD score,
black race was no longer associated with receipt of transplant or increased likelihood of
death on the waiting list.8

Racial disparities in liver transplantation for patients with HCC have been less well
described. By using the 1998–2002 SEER database, we found that blacks and Asians with
HCC were about half as likely as whites to receive a transplant. Hispanics also were less
likely to receive a transplant, but the difference was not statistically significant.9 A similar
study using the SEER database also found that blacks were 58% less likely to be
transplanted for small solitary HCC than whites.10

In addition to several studies showing lower rates of nononcologic surgical procedures in
black patients, many studies have shown similar racial disparities in the receipt of cancer-
related surgeries and procedures. Bach et al found that among patients with resectable
nonsmall-cell lung cancer, the rate of surgery for black patients was only 64% compared
with 76.7% for white patients.11 In patients with locoregional esophageal cancer, the rate of
surgery for black patients was found to be half that of white patients (25% vs 46%,
respectively).12

Many explanations have been proposed for these racial disparities. One explanation is that
black patients present with more advanced disease. In this study, we found that blacks
presented with larger tumors, were more likely to exceed the Milan criteria, and had higher
Child-Pugh scores compared with whites. An analysis of the UNOS database from 2002–
2006 found that liver transplant candidates who were black and Hispanic presented with
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higher MELD scores than whites.13 In a single institution study, blacks were more likely
than whites to present with HCC that exceeded the Milan criteria.14

Other explanations for these disparities in access to transplant may be patient-related
barriers or healthcare-related barriers. A meta-analysis of 11 articles studying barriers in
access to renal transplantation among African Americans found that patient-related barriers
included personal and cultural beliefs about transplantation and lower socioeconomic status
and levels of education. Healthcare-related barriers included physician perceptions,
inadequate transplant workup, referral delays and immunologic mismatching based on
human leukocyte antigen (HLA) status.15 A study by Ayanian et al in patients with end-
stage renal disease found that black patients were less likely than white patients to want a
kidney transplant. However, even after adjustment for patients’ preferences, blacks were still
significantly less likely than whites to have been referred for evaluation and placed on a
waiting list for a transplant or to have received a transplant within 18 months after the start
of dialysis therapy.16 A subsequent study also found that physicians were less likely to
believe that renal transplantation improves survival for blacks compared with whites (69%
vs 81%; P = .001). Physicians believed that reasons why blacks were less likely to be
evaluated for transplant included patients’ preferences, availability of donors, failure to
complete evaluations, comorbid illnesses and, less commonly, patient-physician mistrust or
physician bias.17 Another study in end-stage liver disease patients found that
disproportionately fewer black patients were referred for liver transplantation than white
patients.18 The authors speculated that limited access to healthcare, distrust of the medical
community and patient misconception about transplantation may have contributed to these
differences.

In our study, HCC patients with private insurance were 22 times more likely to receive
transplant than those with Medicaid. Few studies have examined the role of insurance in
liver transplantation for patients with HCC. One explanation is that Medicaid recipients
present with more advanced disease than privately insured patients. We found that Medicaid
recipients were more likely to have higher Child-Pugh scores, tumors that exceeded the
Milan criteria, and higher AJCC stage. An analysis of the UNOS database from 2002–2006
also found that patients with Medicaid were more likely than privately insured patients to
have a high MELD score at initial testing. The percentage of Medicaid patients who
presented with a MELD score >20 was 46.3% compared with 36.5% of private patients.13

Medicaid patients in general have also been shown to have less access to subspecialists and
sub-specialists are less likely to accept new Medicaid patients, especially those in managed
care programs.19

Medicaid insurance is also an indicator of socioeconomic status. In our study, Medicaid
patients had a lower median household income than privately insured patients. Medicaid
patients may lack access to a full-time caregiver and a stable support network, which are
deterrents to transplantation. If patients are not well-educated or have language barriers, then
health literacy may play a part in these disparities. Unfortunately, the role of these factors in
liver transplantation has not been formally studied.

In our univariate analysis, black and Hispanic patients and patients with Medicaid or
Medicare had significantly poorer survival than white or privately insured patients.
However, in a multivariate model that included receipt of transplant, other demographic and
clinical factors, including race/ethnicity and insurance status, were not independently
associated with survival. Wong et al found that black females with localized HCC were 56%
less likely to survive 3 years than non-Hispanic white males using the SEER database.20 In a
single institution study, African American and Hispanic patients with HCC had a 5-year
survival rate of 12%, which was significantly lower than that of white patients.21 In a post-
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MELD cohort, blacks transplanted for HCC had a significantly lower overall survival and
graft survival at 2 years than whites.22 An additional study in HCC patients found that the
association of race with mortality risk became statistically non-significant after adjustment
for receipt of therapy, disease stage, and other demographic variables.23 An analysis of the
UNOS database from 1987–2001 found that neighborhood income did not influence the
outcome of liver transplantation, and education had minimal influence, but patients with
Medicare and Medicaid had lower survival post-transplant than those with private
insurance.24

An advantage of our study is that we had access to demographic and clinical variables not
available in many population-based databases, allowing us to analyze associations that have
not been well characterized in the past. However, our study is limited because it is based on
data from a single institution, which is a large tertiary referral transplant center with an
ethnically diverse patient population. Our transplant rate for patients with HCC overall was
38%, compared with 21% in the 1998–2002 SEER database.9 Of our 86 patients with
Medicare, about 20% received a transplant, compared with 0.9% among Medicare recipients
nationwide.25 Therefore, our results may not necessarily be generalizable to other
populations.

Our findings may reflect patient factors, such as differences in patient preferences, social
and cultural beliefs, support networks, socioeconomic status, and education. However, they
may also reflect delays in diagnosis, referral to transplant, and physician biases. These are
shortcomings of the healthcare system that we need to correct to eliminate these disparities.
We must improve access to care for black and Hispanic patients and for those receiving
Medicaid insurance. Educational interventions targeting both patients and healthcare
professionals will foster more effective patient-physician interactions and improve quality of
care. Our study suggests that if we can overcome these barriers and provide these groups
with transplantation, then we may succeed in improving survival overall.
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Figure 1.
Kaplan-Meier survival curves are shown for transplant versus nontransplant for
hepatocellular carcinoma. Log-rank, P < .0001.
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Figure 2.
Depicted are Kaplan-Meier survival curves by race and/or ethnicity. Log-rank, P = .0008.
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Figure 3.
Kaplan-Meier survival curves are shown for insurance status. Log-rank, P<.0001.
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Table 2

Association of Demographic and Clinical Characteristics With Receipt of Transplant

OR 95% CI P

Ethnicity

 White 1.0 Referent

 Black 0.03 0.00–0.37 .007

 Hispanic 0.42 0.09–2.08 .29

 Asian 0.33 0.02–4.44 .40

 Other 0.005 0.00–69.26 .28

Tumor size

 ≥6.6 cm 1.0 Referent

 4.1–6.5 cm 163.80 9.03–999 .001

 2.7–4 cm 18.69 1.51–231.73 .02

 ≤2.6 cm 6.98 0.46–105.56 .16

Milan criteria

 No 1.0 Referent

 Yes 7.3 1.67–32.31 .008

AFP

 ≥6667 1.0 Referent

 775–6666 1.14 0.20–6.63 .89

 50–774 18.6 2.20–157.15 .007

 ≤49 220.10 19.34–999 <.0001

Insurance

 Medicaid 1.0 Referent

 Medicare 3.20 0.34–30.18 .31

 Private 22.07 2.67–182.34 .004

Age, y

 ≤52 1.0 Referent

 53–60 0.09 0.01–0.54 .009

 61–67 0.49 0.09–2.69 .41

 ≥68 0.01 0.00–0.14 .001

CI indicates confidence interval; OR, odds ratio; AFP, alpha fetoprotein. All variables controlled for each other, as well as for the following:
gender, Child-Pugh status, stage, median household income, diabetes, hypertension, coronary artery disease, and tobacco.
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Table 3

Predictors of Median and 1-Year, 3-Year, and 5-Year Survival

Median Survival, y 1-Year Survival 3-Year Survival 5-Year Survival

Overall 1.9 66.9 38.8 28.6

Transplant 7.9 92.6 70.6 57.3

Nontransplant 0.9 48.2 14.0 6.2

Ethnicity

 White 2.8 93.3 48.1 38.0

 Black 1.5 59.3 37.1 0.0

 Hispanic 1.2 58.1 31.7 16.7

 Asian 2.5 83.5 37.0 15.1

Insurance

 Private 3.0 77.8 48.9 38.6

 Medicare 1.0 51.5 22.3 10.8

 Medicaid 1.1 50.3 17.4 0.0
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Table 4

Cox Proportional Hazards Mortality Rate Ratios

HR 95% CI P

Transplant

 Yes 1.0 Referent

 No 3.62 1.81–7.27 .0003

Child-Pugh class

 A 1.0 Referent

 B 2.45 1.37–4.36 .002

 C 2.20 1.21–4.02 .01

AFP

 ≤49 1.0 Referent

 50–774 1.88 0.81–4.35 .14

 775–6666 2.20 0.96–5.04 .06

 ≥6667 3.26 1.48–7.17 .003

Ethnicity

 White 1.0 Referent

 Black 1.03 0.46–2.29 .94

 Hispanic 0.99 0.54–1.83 .97

 Asian 0.60 0.24–1.48 .27

Insurance

 Private 1.0 Referent

 Medicare 1.7 0.80–3.73 .17

 Medicaid 1.4 0.67–2.73 .39

HR indicates hazard ratio; CI, confidence interval.

All variables controlled for each other, as well as for the following: age, gender, etiology, stage, tumor size, hyperlipidemia, diabetes, hypertension,
coronary artery disease, tobacco, and income.
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