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Background:With the rising incidence of hepatocellular carcinoma (HCC), ongoing efforts should be focused on providing equitable
and state-of-the-art care to patients.
Purpose: The aim of this study was to determine the survival of patients with HCC seen at a high-proportion Safety Net Hospital
(h-SNH), where loco-regional therapy and hepatology services are available and liver transplantation (LT) is referred to outside
facilities.
Patients and Methods: A retrospective cohort study was conducted on all patients with HCC seen at Valley Wise Health Center
(VWHC) over a ten-year period. Clinical variables, treatment modalities, survival duration, hospice, and LT referrals of 161 patients
were collected from the medical records. Survival analysis was used to determine the relationship of clinically relevant variables and
survival among patients with HCC. A Log rank test was used to compare univariate variables. A Cox regression analysis was used to
compare and control for multiple variables.
Results: Of the 161 patients included in the study, 33% were uninsured. The median age was 59 (21 to >89) years with 47% Hispanic,
31% Caucasian, 15% African American and 7% other races included for the analysis. The median survival for the cohort was 20.1
months. In the multivariate model, insurance status, final MELD, tumor within the Milan criteria and having received treatment for
HCC were associated with survival. Surveillance for HCC was associated with HCC in the univariate analysis, but not in the
multivariable model. Thirty percent of patients were referred for LT and 1.25% of the entire cohort received it.
Conclusion: Despite the availability of treatment modalities available for HCC at VWHC and the option of liver transplantation for
appropriate candidates at outside centers, OS was less than reported from programs with on-site liver transplant programs. Reasons for
lower survival in centers without liver transplant programs should be further studied.
Keywords: liver cancer, cirrhosis, health disparities, health outcomes

Introduction
The survival of patients with hepatocellular carcinoma (HCC) is dependent upon establishing an early diagnosis when
tumor burden is small, disease is localized to the liver, liver function is preserved and the provision of timely and
curative treatment options including liver transplantation, liver resection and/or thermal ablation are possible.1 The
cornerstone upon which lays the foundation of the best HCC outcomes is having access to affordable medical care,
which allows for regular surveillance of the cirrhotic liver, thus making a timely referral to a team of specialists
possible, who can coordinate the delivery of the best therapeutic modality to an individual patient diagnosed with
HCC.2
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Over the past few years, as incidence of HCC is rising,3 disparities in HCC outcomes due to insurance status, gender,
race and treatments have also been highlighted.4,5 In the United States (US), a significant population remains uninsured
with limited access to medical care.6,7 Safety Net Hospitals (SNH) have been created in the US to provide subsidized
medical care to patients with limited resources.8 Low-proportion SNHs (l-SNHs) and high-proportion SNHS (h-SNHs)
are classified based on the percentage of uninsured and Medicaid (MA) patients they serve.6

Results reported from Veteran Hospitals and Surveillance, Epidemiology and End results (SEER) databases have
shown that HCC outcomes for commercially insured patients are better than those with government sponsored insurance,
while patients without insurance do the worst.9,10 The reasons for relatively poor outcomes in those with government
insurance compared to those with commercial insurance remain unclear.7

The primary aims of this study were to assess the survival duration and its associations in a cohort of HCC patients
followed over a ten-year period in a single SNH where dedicated gastroenterology, hepatobiliary and interventional
services are available, but liver transplant option is unavailable, relying on referring patients to liver transplant programs
within Arizona.

Patients and Methods
The Valleywise Health Center (VWHC) billing database was searched from November 2010 to June 30, 2020 by the
Department of Medical Informatics for patients 18 or over who had an encounter in surgical, GI, oncology, or radiology
department with an ICD-9 or 10 coded diagnosis of 155.0 or C22.0 respectively over the study period, leading to the
enrollment of 181 patients in the study. This list was further reviewed by the primary author to include only those patients
who had biopsy proven diagnosis of HCC and/or typical characteristic of HCC demonstrated on the liver protocol CT
scan as recommended by American Association of Liver Disease 2011 guidelines.11 20 patients were excluded after
establishing their diagnoses to be benign liver lesions, cholangiocarcinoma, or metastatic liver disease. The primary and
corresponding authors reviewed all pathology and radiologic studies to confirm the HCC diagnosis.

Person-time was calculated in days from the first encounter until time of last encounter, death, or end of the study
period. The first day of inclusion in the study was based on the encounter of a patient at VWHC GI clinic, oncology, or
radiology when the initial diagnosis of HCC was established, whether the patient was receiving a follow-up at VWHC for
their chronic liver disease and undergoing surveillance for HCC or was seen spontaneously from the emergency
department or through referral from an outside hospital with an already established diagnosis of HCC. Age, insurance
status, ethnicity, and sex were self-reported. Insurance status of each patient was obtained from the registration sheet and
ultimately patients were grouped into those with or without insurance. Those patients without insurance received
assistance from VWHC based on their level of poverty. Initial Model for End-Stage Liver Disease (MELD) score and
Milan criteria were calculated from the laboratory and imaging data which were available immediately after the first
encounter of a patient with an established diagnosis of HCC. The final MELD score was recorded from the last available
laboratory values. The care plan of HCC patients was discussed at multidisciplinary tumor board, following which
treatment plan consisting of interventional radiology (IR) or laparoscopically administered radiofrequency ablation
(RFA), IR guided Transarterial chemoembolization (TACE) Sorafenib therapy and/or surgical resection as well as
referral for liver transplantation were agreed upon. Any patient who received one of these treatments was categorized
as being treated for HCC. Uninsured patients received Sorafenib, from the drug company through its compassionate
program as long as they were US citizens.

Patients who underwent ultrasound of the liver every six months from the diagnosis of cirrhosis until the HCC
diagnosis was established were categorized as the surveillance group, while those patients who received a diagnosis of
HCC without surveillance at VWHC were categorized as spontaneous. Any patient deemed to be a liver transplant
candidate had a referral placed and was instructed to make an appointment at one of the three liver transplant programs
available in Arizona, wherever their insurance was accepted.

Data were collected by the authors who are included in the study from September 2019 to June 2020 when the study
period terminated. The first and corresponding authors implemented the plan for uniform data collection by each
investigator. The first author reviewed all charts after the data were collected to ensure reliability and the corresponding
authors also randomly reviewed charts to ensure that accurate data were collected.
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Patient demographic and clinical characteristics were reported as medians and interquartile ranges for continuous
variables, and frequencies, percentages for categorical variables. Categorical variables were compared using Chi-squared
tests and continuous variables were compared using Wilcoxon rank-sum test and Student’s t-test. Log rank test estimated
the risk of death during follow-up period relative to each covariate. Additionally, covariates with p < 0.20 in the
univariate analysis were included in a second model where a multivariable Cox regression analysis ascertained which
covariates best predict mortality risk. A Harrell’s C concordance statistic was completed to indicate a good model fit.
Finally, The Kaplan-Meier Survival function and the Log Rank Test were used to estimate 1, 2, 3, 4, and 5-year survival
followed by survival comparisons relative to patient characteristics. All two-sided p-values < 0.05 were considered
statistically significant. All data analyses were conducted using STATA version 14 (STATA Corp; College Station, TX).

Results
161 patients were enrolled during the study period. The median follow-up time was 19.82 (Range: 6.28–62.43) months.
The baseline characteristics of the patients are summarized in Table 1. 53%, 13%, 2%, 33% had MA, Medicare,
commercial insurance or had no insurance respectively. HBV, HCV and alcohol consumption were documented as
14%, 68%, and 62% respectively. 46% of patients were referred to hospice care. 60% of patients received at least 1
treatment for HCC. 24%, 31%, 14%, 3%, 6% of patients received Interventional Radiology (IR) directed radiofrequency
ablation (RFA), IR- TACE, Sorafenib, surgeon guided laparoscopic RFA, or surgical resection of the liver tumor
respectively. The median survival of the entire cohort was 20.1 months. One, two, three, four and five-year OS was
63%, 47%, 38%, 28% and 26% respectively (Figure 1).

Table 2 summarizes the differences between insured and uninsured patients. There was no significant difference in
surveillance for HCC or transplant listings between uninsured and insured patients. Insured patients had a lower final
MELD, were within the Milan criteria, were more likely to receive treatment and/or referred for liver transplantation.
Table 3 summarizes the survival duration of patients focusing on important variables recorded in the study. Insurance,
surveillance, referral for liver transplantation, tumor within the Milan criteria, normal BMI, no hospice referral, lower
Initial MELD, lower Final MELD, exposure to 1 or more treatments for HCC were found to be associated with longer
survival duration.

Table 4 further describes the differences between the surveillance and spontaneous groups. It was shown that the
Milan criteria, referral for transplant, initial and final MELD were significant. However, patients received treatment
regardless of whether they were in the spontaneous or surveillance group.

Univariate Analysis
BMI, insurance status, initial and final MELD, surveillance, Milan criteria, HCC treatment, transplant referral as well as
listed for liver transplantation (LT) were associated with HCC survival (Table 5).

Multivariate Analysis
Table 6 summarizes the multivariable Cox regression analysis. HCC surveillance, transplant referral, initial MELD, sex
and ethnicity, BMI, and listed for LT became insignificant. Uninsured patients, those out of Milan Criteria, those without
exposure to HCC treatment, patients referred to hospice, and those with a higher final MELD were associated with lower
survival in the model.

Discussion
We have reported a 26% 5-year and 20-month median survival for predominantly Hispanic HCC patients, treated at
a h-SNH without an on-site liver transplant program with large majority of cohort having state-sponsored insurance.
A third of the patients who were uninsured were still offered subsidized services available at VWHC enabling 60%
patients in the cohort to receive at least one treatment option possible for HCC.

It is not surprising that we found biological factors of HCC including extent of the HCC, severity of liver disease and
whether treatment was given or not as significantly correlated with survival. These variables have been correlated with
HCC survival from other studies conducted at a liver transplant program,12 veterans hospital system,10 SEER database9
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Table 1 Characteristics of HCC

Insurance No 53 32.92%
Yes 108 67.08%

Age Median (IQR) 59 (9.25)

Sex Female 24 14.91%
Male 137 85.09%

Ethnicity African American 24 15.38%
Asian 5 3.21%

Hispanic 73 46.79%

Native American 6 3.85%

White 48 30.77%

BMI Median (IQR) 27.27 (6.89)

Surveillance No 86 53.42%
Yes 75 46.58%

Initial MELD Median (IQR) 11 (7.25)

Final MELD Median (IQR) 16 (11)

Liver Biopsy No 104 64.60%
Yes 57 35.40%

Milan criteria No 93 57.76%
Yes 68 42.24%

Transplant referral No 106 69.28%
Yes 47 30.72%

Listed for Transplant No 148 94.87%
Yes 8 5.13%

Treatment for HCC No 64 39.75%
Yes 97 60.25%

IR RFA No 122 75.78%
Yes 39 24.22%

IR TACE No 110 68.32%
Yes 51 31.68%

Sorafenib No 146 90.68%
Yes 15 9.32%

Surgical RFA No 156 96.89%
Yes 5 3.11%

Surgical Resection No 151 94.38%
Yes 9 5.63%

Survival Dead 92 57.50%
Alive 68 42.50%

Hospice care No 79 53.74%
Yes 68 46.26%

Abbreviations: BMI, body mass index; HCC, hepatocellular carcinoma; IQR, interquartile range; MELD, Model for
End Stage Liver Disease; RFA, radiofrequency ablation; TACE, transarterial chemoembolization.
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and studies that have drawn on the data from multiple hospitals.13 Nonetheless, median survival of HCC patients reported
from these studies has varied based on where the care was rendered, whether academic or non-academic setting,10

facilities available in the individual hospital12 and the collaboration that may or may not have occurred among different
specialists.13 Ultimately, liver transplantation for HCC patients, which simultaneously cures the HCC in carefully
selected patients and replaces the diseased liver with a healthy graft, remains the best management option. However,
even at Stanford University Hospital with an onsite liver transplant option available, only 13% of those who were
referred for HCC treatment consideration ultimately received a liver transplantation despite 40% of their patients within
the Milan criteria and 81% with insurance.12,14

In this context, it is intriguing to highlight that despite having a team of dedicated physicians participating in caring
for HCC patients at VWHC; and referral of a third of the patients for liver transplantation, only 5% were listed for it; and
1.25% received a liver transplant. Nonetheless, despite negligible liver transplant rates, the median OS for HCC patients
in our database was 8.5 and 32 months among uninsured and insured patients respectively. Those patients with last
MELD recorded in the database of ≤13 and who were within Milan criteria had median OS of 63 and 36 months
respectively. 47% of patients were referred to hospice, more often those who were uninsured and who died, in line with
previously published data showing higher hospice referral for those HCC patients who did not receive treatment.15

A wide range of survival durations has been reported for HCC patients from liver transplant programs,12 and from
a mixture of hospitals with or without liver transplant programs on site.6,13,16 Data on HCC outcomes ascertained from
SEER database have limitations of under reporting treatment modalities like TACE or non-reporting of key indicators
like HCC surveillance that are associated with early diagnosis and prognosis of HCC.7 Nonetheless, compared to Adler
et al’s report and the 20-month survival of our cohort, a lower median survival rate of 18 vs 11 vs 8 months was reported
for commercial, Medicaid and uninsured patients respectively from the SEER database. Moreover, Adler et al docu-
mented that 17% and 39% more Medicaid and uninsured patients with localized HCC died compared to those with
commercial insurance.9 Similarly, Wang et al reported, based on SEER database analysis, a five-year survival of 21% for
Medicare/Commercial insurance; 17.6% for MA patients and 8.3% for uninsured patients. Liver resection or liver
transplant was also received more often by commercially insured compared to Medicaid patients at 16% and 9%
respectively.7 In yet another report, median survival for hospitals designated h-SNH was 3 months with 7% and 1% of

Figure 1 Overall survival of HCC cohort; Kaplan Meier curve.
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them receiving liver resection and liver transplantation respectively.6 A median survival of 30 months has been reported
when three, 6-year long, cohorts of HCC patients were evaluated and treated at Stanford University Hospital program
with or without undergoing liver transplantation.12

Table 2 Characteristics of HCC by Insurance Status

Uninsured Insured P value

Insurance status 53 32.92% 108 67.08%

Age Median (IQR) 58 (8.25) 59 (10) 0.0717

Sex Female 10 18.87% 14 12.96% 0.3229
Male 43 81.13% 94 87.04%

Ethnicity African American 8 15.69% 16 15.24% 0.4981
Asian 2 3.92% 3 2.86%

Hispanic 26 50.98% 47 44.76%

Native American 0 0.00% 6 5.71%
White 15 29.41% 33 31.43%

BMI Median (IQR) 27 (5.49) 27.45 (7.68) 0.2829

Surveillance Surveillance 19 35.85% 56 51.85% 0.0558
Spontaneous 34 64.15% 52 48.15%

Initial MELD Median (IQR) 12 (6.5) 10 (6) 0.1386

Final MELD Median (IQR) 20 (11.75) 15 (10.25) 0.0053

Liver Biopsy No 33 62.26% 71 65.74% 0.6647
Yes 20 37.74% 37 34.26%

Milan criteria No 41 77.36% 52 48.15% 0.0004
Yes 12 22.64% 56 51.85%

Transplant referral No 43 84.31% 63 61.76% 0.0023
Yes 8 15.69% 39 38.24%

Listed for Transplant No 51 98.08% 97 93.27% 0.2071
Yes 1 1.92% 7 6.73%

Treatment for HCC No 28 52.83% 36 33.33% 0.0175
Yes 25 47.17% 72 66.67%

IR RFA No 48 90.57% 74 68.52% 0.0022
Yes 5 9.43% 34 31.48%

IR TACE No 42 79.25% 68 62.96% 0.0369
Yes 11 20.75% 40 37.04%

Sorafenib No 44 98.11% 94 87.04% 0.4935
Yes 9 1.89% 14 12.96%

Surgical RFA No 52 92.45% 104 96.30% 0.5323
Yes 1 7.55% 4 3.70%

Surgical Resection No 49 92.45% 102 95.33% 0.5924
Yes 4 7.55% 5 4.67%

Hospice care No 18 38.30% 61 61.00% 0.01
Yes 29 61.70% 39 39.00%

Abbreviations: BMI, body mass index; d, days; HCC, hepatocellular carcinoma; IQR, interquartile range; MELD, Model for End Stage Liver Disease; RFA, radiofrequency
ablation; TACE, transarterial chemoembolization.
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Surveillance of a cirrhotic liver is the best strategy for early HCC detection17 and 46% of our patients underwent
surveillance, 55% of those surveyed were within the Milan criteria compared to 31% who presented spontaneously and
45% of the surveyed patients were referred for liver transplantation compared to 21% of those who presented
spontaneously. However, surveillance was not significant in determining survival in the multivariable analysis. We
believe that HCC surveillance would have been significant in the multivariable analysis had there been a higher sample
size as in the univariate analysis the 95% confidence interval for surveillance or spontaneous group was narrow at 0.43 to
0.99. Inconsistent surveillance of HCC with only 13% receiving it annually has been reported in literature with African
Americans receiving even less HCC surveillance. Moreover, those who are well off have been reported to undergo
surveillance for HCC more frequently, although contribution of income or education to regular surveillance was not

Table 3 Survival Duration Based on Variables Associated with HCC

Variable Survival Duration

Median (Months) Range (Months)

Insurance Uninsured 8.35 3.28–18.61
Insured 32.02 8.71–89.62

Initial MELD ≤10 26.63 12.10–106.91
>10 14.3 3.75–59.28

Final MELD ≤13 62.43 19.36–106.91
>13 12.1 3.85–31.04

Milan criteria No 12.23 3.75–37.87
Yes 36 15.65–89.62

Treatment for HCC No 9.8 3.48–37.87
Yes 24.95 9.53–64.87

Transplant Referral No 12.66 3.75–62.43
Yes 26.63 17.46–64.87

Hospice care No 45.04 3.85–45.04
Yes 9.8 12.23–62.43

Surveillance No 14.3 3.85–45.04
Yes 26.63 12.23–62.43

Abbreviations: HCC, hepatocellular carcinoma; MELD, Model for End Stage Liver Disease.

Table 4 Characteristics of HCC by Surveillance

Spontaneous Surveillance P value

Surveillance 86 53.42% 75 46.58%

Milan criteria No 59 68.60% 33 44.59% 0.002
Yes 27 31.40% 41 55.41%

Referred for
Transplant

No 67 79.76% 39 54.93% <0.001
Yes 17 20.24% 32 45.07%

Treatment for HCC No 36 41.86% 27 36.49% 0.488
Yes 50 58.14% 47 63.51%

Initial MELD Median (IQR) 12 (6) 10 (5) <0.001

Final MELD Median (IQR) 17 (9) 15 (12) <0.001

Abbreviations: HCC, hepatocellular carcinoma; IQR, interquartile range; MELD, Model for End Stage Liver Disease.
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discerned.17 Scaglione et al reported important data from 2 tertiary and 2 SNHs with a 42% surveillance of HCC in their
cohort and an overall median survival of 25.7 months. Early tumor detection was predicted by HCC surveillance and
seeing a GI specialist, but not by insurance status. Curative treatment was associated with HCC stage within Milan
criteria and having commercial insurance.13 We did not find race to be associated with either insurance or living/dead
status. Reports in literature have18,19 or have not found13 significant association of HCC survival with race; although race
has been shown to predict the type of insurance acquired.7

Table 5 Univariable Analysis of Variables Associated with HCC

Variable Hazard Ratio 95% CI P value

Insurance Status Uninsured Reference - -
Insured 0.49 0.31-0.78 0.003

Age (Years) <60 Reference - -
>60 1.07 0.71-1.63 0.731

Sex Female Reference - -
Male 1.07 0.61-1.9 0.804

Ethnicity White Reference - -
African American 0.78 0.41-1.55 0.865

Hispanic 0.84 0.53-1.33 0.865

Other Ethnicity 0.84 0.29-2.41 0.865

BMI <25 Reference - -
25.0-<30 0.53 0.33-0.87 0.02
>30 0.57 0.34-0.97 0.02

Surveillance Spontaneous Reference - -
Surveillance 0.66 0.43–0.99 0.047

Initial MELD <10 Reference - -
>10 1.83 1.2–2.79 0.005

Final MELD <13 Reference - -
>13 3.04 1.87–4.93 <0.001

Hepatitis B No Reference - -
Yes 1.00 0.57–1.75 1.00

Hepatitis C No Reference - -
Yes 1.00 0.64–1.55 1.00

Milan criteria No Reference - -
Yes 0.44 0.28–0.68 0.002

Transplant Referral No Reference - -
Yes 0.59 0.38–0.93 0.02

Listed for Transplant No Reference - -
Yes 0.09 0.01–0.67 0.003

Treatment for HCC No Reference - -
Yes 0.56 0.37–0.85 0.006

Hospice Care No Reference - -
Yes 2.85 1.85–4.38 <0.001

Abbreviations: BMI, body mass index; HCC, hepatocellular carcinoma; MELD, Model for End Stage Liver Disease.
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Overall, we report 60% locoregional therapy and 1.2% liver transplantation for the entire cohort consisting of 42%
patients reported within the Milan criteria. In a large database of 3988 veterans, those who were treated at an
academically affiliated hospital or received a multi-specialist evaluation were more likely to receive both curative and
non-curative options for HCC including liver transplantation, liver resection and loco-regional therapies.10 Treatment at
a comprehensive cancer center and/or a solid organ transplant program has also been reported to have better overall
survival.20 Similarly, it has been reported that type of insurance and sub-specialty consultation from gastroenterology are
predictive of a higher survival for HCC patients.13 In yet another report, consultation from hepatology was predictive of
receipt of therapy for HCC but not when gastroenterology consultation alone was obtained.10

Being a retrospective study where data gathering of ten-year clinical care has been conducted, our report has
weaknesses. Many variables were included in the analysis, patients entered or exited the study at different time points
and received a variety of treatments at the discretion of the health care providers and availability of such treatments at
VWHC. Surveillance for HCC was more common for insured patients; however, we cannot comment on the reasons
for spontaneous presentation of HCC in our patients and the type of follow up they received outside VWHC. All these
factors could have affected OS. Moreover, we cannot offer further input as to what happened to patients after they
were referred for liver transplant, whether they showed up for their appointments, or their SES despite having MA,
and/or lack of family support or ongoing drug abuse might have contributed to not making it to the list for liver
transplantation. System-level differences in care delivery based on SES and race have been attributed to poor
prognosis of HCC at h-SNHs in Texas6 and our patients who were treated at h-SNH had a higher median survival
compared to those reported from other SNHs,6,7 but lower than reported from hospitals with indigenous liver
transplant programs.12

Conclusion
Despite having a team of specialists at VWHC, HCC outcomes were not on par with the outcomes reported from
established liver transplant programs like Stanford University where all patients whether transplanted or not were
included in analysis. The inferior survival duration at VWHC could be related to the fact that only 2/161 patients
received a liver transplant, which is the definitive treatment for HCC. Medical literature has documented that multi-
disciplinary input of gastroenterologists, hepatologists and oncologists to the tertiary centers where they do not work but

Table 6 Multivariable Analysis of Associated Variables in HCC

Effect Hazard Ratio 95% CI P value

BMI Category 0.86 0.65 1.13 0.295

Insurance N vs Y 0.474 0.292 0.768 0.002

Milan criteria N vs Y 0.52 0.32 0.84 0.008

Hospice N vs Y 2.04 1.3 3.21 0.002

Treatment for HCC N vs Y 0.57 0.37 0.88 0.012

Surveillance vs Spontaneous 0.99 0.62 1.57 0.98

Final MELD 1.76 1.03 3.02 0.038

Initial MELD cat 1.22 0.79 1.9 0.35

Referred 1.11 0.67 1.83 0.67

Listed 0.18 0.023 1.4 0.103

Sex 0.98 0.51 1.88 0.97

Ethnicity 0.86 0.69 1.08 0.22

Abbreviations: BMI, body mass index; HCC, hepatocellular carcinoma; MELD, Model for End Stage Liver Disease.
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are referring their patients to, could potentially increase the listing for liver transplantation and/or availability of other
curative options like liver resection, even for those patients who may be socially disadvantaged. Our report emphasizes
the need for efforts to improve the coordination of care in various hospital systems to overcome the disparity of care
rendered to the increasing number of HCC patients in the US.
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