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Abstract

Background—Racial/ethnic disparities in prognosis have been reported in patients with 

hepatocellular carcinoma (HCC); however, few studies have evaluated racial/ethnic disparities in 

the context of insurance status.

Aims—Characterize racial/ethnic and insurance status in early tumor detection, receipt of curative 

therapy and overall survival in a multicenter diverse cohort of HCC patients from the USA.

Study—We included patients with HCC diagnosed between June 2012 and May 2013 at four 

centers in the USA. Generalized linear mixed effects models were used to compare early tumor 

detection (defined using Milan Criteria) and curative treatment receipt (liver transplantation, 

surgical resection, or local ablation) as a function of patient race/ethnicity and insurance status. A 

multivariable frailty survival model was used to compare risk of death between patient groups.
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Results—Of 379 HCC patients (52.8% non-Hispanic White, 19.5% Hispanic White, 19.8% 

Black), 46.4% and 48.0% were found at an early stage and underwent curative therapy, 

respectively, and median overall survival of the cohort was 25.7 months. Early detection of HCC 

was associated with gastroenterology subspecialty care and receipt of HCC surveillance but not 

race/ethnicity or insurance status in adjusted models. However, commercial insurance was 

significantly associated with higher odds of curative treatment receipt, which in turn was the 

strongest correlate for overall survival. After adjusting for health system and insurance status, 

race/ethnicity was not associated with curative treatment receipt or overall survival.

Conclusions—Insurance status and access to gastroenterology subspecialty care may be 

important drivers of racial/ethnic disparities in prognosis among HCC patients.

Keywords

Disparities; Liver cancer; Survival; Racial; Insurance

Introduction

In the USA, the incidence of HCC has more than doubled over the past two decades and is 

projected to grow for the foreseeable future [1, 2]. HCC is also highly morbid, primarily due 

to low rates of early detection and curative treatment receipt [3, 4].

Significant health disparities exist in HCC incidence and prognosis [5–7]. Among Hispanic 

Whites and non-Hispanic Blacks, HCC incidence is rapidly rising [2]. Observed differences 

in incidence are thought to be multifactorial-related differences in epidemiology, risk factors, 

and access [8]. Similarly lower crude survival observed in racial/ethnic minorities, as 

compared to non-Hispanic Whites, may be attributed to differences in HCC surveillance and 

treatment receipt [9]. However, differences in care delivery may not fully explain racial/

ethnic disparities, as Black patients with HCC continue to have lower survival than non-

Hispanic Whites in adjusted models [10].

However, factors associated with socioeconomic status, like health insurance, and its 

potential intersectionality with race/ethnicity has had limited evaluation in most studies 

examining racial/ethnic disparities in HCC. Race/ethnicity is highly correlated with factors 

associated with SES, which has been also shown to be associated with lower rates of HCC 

surveillance and more advanced tumor stage [11, 12]. Failing to account for SES can falsely 

attribute socioeconomic disparities to race/ethnicity or vice versa. Prior analyses of HCC 

outcomes typically lack granularity to include any measure of SES [13–15], or there is 

limited variability in the SES across the populations studied [6, 16].

Exploring factors driving differential outcomes across the care continuum is crucial to 

inform interventions that can reduce HCC-related disparities [17]. Therefore, we aimed to 

characterize potential racial/ethnic and socioeconomic disparities in patients with HCC.

Materials and Methods

We conducted a retrospective cohort study of patients newly diagnosed with HCC at one of 

four health systems in the USA between June 1, 2012 and May 31, 2013. Each study site 
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was associated with an academic medical center and included two tertiary care centers 

(University of Michigan and Loyola University) and two safety-net health systems (Parkland 

Health and Hospital System and Ben Taub Hospital—Harris Health System).

As previously described, patients were initially identified by ICD-9 codes for HCC (155.0–

155.2), tumor conference presentation lists, and prospectively maintained databases of 

patients with HCC at each site [18, 19]. Authors adjudicated HCC cases to confirm they met 

diagnostic criteria as defined by the American Association for the Study of Liver Disease 

(AASLD) criteria [20]. For tumors larger than 1 cm, diagnosis was based on a typical 

vascular pattern on dynamic imaging (arterial enhancement and washout on delayed phase) 

or histology. We excluded patients without cross-sectional imaging given baseline tumor 

characteristics could not be accurately determined. Patients with HCC diagnosis prior to 

presentation in whom surveillance status was unknown and those with prior HCC-directed 

treatment were also excluded. This study was approved by the institutional review boards at 

each study site.

Data Collection

Data collection on patient demographics, clinical history, and laboratory data are available in 

the supplemental material. Four-phase CT and contrast-enhanced MRIs, as interpreted by 

radiologists at each site, were used to determine tumor characteristics including number of 

lesions, maximum tumor diameter, lymph node involvement, portal vein invasion, and 

presence of extrahepatic metastases. Early tumor detection was defined using Milan Criteria, 

the most common criteria for liver transplantation in the USA. Patient clinical course 

including dates of treatment, dates of follow-up imaging, and date of death or date of last 

follow-up were recorded for each patient. HCC treatments were categorized as liver 

transplantation, surgical resection, local ablative therapy (LAT), transarterial 

chemoembolization (TACE), transarterial radioembolization (TARE), stereotactic body 

radiation (SBRT), systemic therapy, or best supportive care. Receipt of curative treatment for 

HCC was determined whether it consisted of LAT, surgical resection, or liver 

transplantation. For patients who received multiple treatments, treatment was categorized as 

the most curative (i.e., liver transplantation > resection > LAT > TACE or TARE > systemic 

therapy > best supportive care).

Statistical Analysis

Univariable linear mixed effects models were used to compare the distributions of age, body 

mass index (BMI), and MELD score among those identifying as White, Black, Hispanic, 

and any other race. In these models, random intercepts were allowed for each hospital in 

order to account for the clustering of patients within their treatment facility type. Similarly, 

univariable generalized linear mixed effects models were used to make comparisons among 

these race groups on their sex, insurance status (used as a proxy of SES), use of tobacco and 

alcohol, HCC etiology, presence of cirrhosis, access to a GI specialist, Child-Turcotte-Pugh 

status, diagnosis mode, ECOG status, multidisciplinary review, BCLC stage, tumor burden, 

and receipt of a primary curative treatment. In addition to allowing random intercepts to 

account for patients’ within-hospital correlation, these models also specified a multinomial 

distribution with generalized logit link when the response variable comprised more than two 
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nominal levels and a cumulative logit link when the response variable comprised more than 

two ordinal levels; otherwise, a binomial distribution with logit link was specified for the 

outcome. When expected cell frequencies were sparse, a Kenward-Roger correction was 

used to adjust the denominator degrees of freedom for small sample bias and conclusions 

were confirmed using Fisher’s exact test [21].

Univariable generalized linear mixed effects models were also used to estimate the odds of 

early tumor detection, defined using the Milan Criteria, as a function of patient 

characteristics and comorbidities. In these models, a binomial distribution with logit link 

was specified for early tumor detection and random intercepts were again allowed for each 

treatment facility. A follow-up multivariable model was used to further estimate the adjusted 

odds of early tumor detection as a function of patients’ race/ethnicity while controlling for 

their age, sex, insurance status, BMI, smoking status, presence of cirrhosis, access to a GI 

specialist, and mode of HCC diagnosis. These covariates were selected a priori or were 

entered because of their significance or nominal significance (p < .10) on univariable 

analysis. A similar approach was used to estimate the odds of receiving a curative treatment.

Finally, univariable and multivariable frailty survival models that allow for the clustering of 

patients within their treatment facility type were used to estimate the risk of mortality as 

function of patients’ race while controlling for their receipt of a curative treatment and 

insurance status. In this model, elapsed time was measured in months from the time of HCC 

diagnosis to date of death and living cases were censored at their last follow-up date. In 

these models, a log-normal distribution was specified for the frailty effect and the 

proportional hazards assumption for each covariate was assessed graphically using 

Martingale residuals as described by Lin et al. [22]. For all multivariable models, 

multicollinearity diagnostics were within an acceptable range as measured by variance 

inflation factors, shared variance values, and tolerance statistics. All analyses were 

conducted using SAS version 9.4 (Cary, NC).

Results

Patient Characteristics

We identified a total of 379 patients who met our inclusion criteria, ranging between 68 and 

149 at each site. Patient characteristics are detailed in Tables 1 and 2. The median age was 

59.9 (IGQ 55.4–66.7), and the majority were male (n = 284 or 74.9%). Our population was 

racially diverse, with approximately half identifying as White (52.7%), and the remaining 

identifying as Black (19.7%), Hispanic (19.5%), or another race (7.9%). Twenty-two percent 

had commercial insurance, while approximately a third had Medicare (32.5%) or a 

Medicaid/subsidiary plan (33.9%). Among racial groups, Whites had a higher proportion of 

commercial insurance and Medicare, Blacks had higher proportions of Medicaid, and 

Hispanics had a higher proportion of subsidy or no insurance. Almost all patients (91.8%) 

had underlying cirrhosis, with the most common etiologies being HCV infection (57.8%), 

NASH/cryptogenic (21.7%), or alcohol induced (15.6%). Most patients were exclusively 

followed by primary care providers (PCPs) prior to their HCC diagnosis, with only 144 

(39.6%) patients receiving gastroenterology (GI) subspecialty care. There were no 

meaningful racial differences in Child-Pugh-Turcotte class as most patients had preserved 
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liver function, with 47.4% Child-Pugh A cirrhosis, 34.6% Child-Pugh B, and 18% Child-

Pugh C cirrhosis (overall p = 0.06).

Early Tumor Detection

HCC was diagnosed incidentally in 57.9% of cases, and less than half (46.4%) were within 

Milan Criteria at time of diagnosis. Among racial/ethnic groups, 49.2% of Whites, 40.5% of 

Blacks, and 50.0% of Hispanics were detected within Milan Criteria; however, differences 

between groups did not reach statistical significance (p = 0.29). Similarly, when compared to 

patients with commercial insurance, having Medicaid (p = 0.95), Medicare (p = 0.76), 

subsidy insurance (p = 0.62), or being uninsured (0.15) were not associated with early tumor 

detection. On univariable analysis, early tumor detection was associated with the presence of 

cirrhosis (p = 0.04), a gastroenterology clinic visit in the year prior to HCC diagnosis (p < 

0.001), and detection by HCC surveillance (p < 0.001) (Table 3). On multivariable analysis, 

gastroenterology clinic visit in the year prior to HCC diagnosis (OR 5.38, 95% CI 2.60–

11.12) and receipt of surveillance (OR 2.08, 95% CI 1.05–4.17) were independently 

associated with early tumor detection. Conversely, after controlling for all other variables in 

the model, race/ethnicity (p = 0.14) and insurance status (p = 0.90) were not associated with 

early tumor detection.

Receipt of Curative Treatment

Among patients with early stage tumors, just under half (48%) received potentially curative 

therapy including OLT, resection or ablation, while only 9% of those outside of Milan 

Criteria received potentially curative therapy (Table 2). Overall, only 32% Whites, 18.7% of 

Blacks, 20.3% of Hispanics, and 30% of another race received curative treatment (p = 0.26 

within Milan; p = 0.83 outside of Milan) (Table 2). Receipt of curative treatment occurred in 

9.7% of those who had commercial insurance, 9.2% with Medicare, 3.9% with Medicaid, 

and 3.2% of those with a subsidy plan. On univariable analysis, receipt of curative therapy 

was positively associated with early tumor detection (OR 9.38, 95% CI 5.24–16.78), seeing 

a GI specialist in year prior to HCC diagnosis (OR 3.36, 95% CI 2.01–5.59), and detection 

by HCC surveillance (OR 3.29, 95% CI 2.01–5.38; p < .001). Medicare (OR 0.50, 95% CI 

0.26–0.96), Medicaid (0.37, 95% CI 0.15–0.88), and being uninsured or on a subsidy plan 

(OR 0.17, 95% CI 0.04–0.66) were negatively associated with receipt of curative therapy 

when compared to commercial insurance. On multivariable analysis that controlled for race/

ethnicity and insurance status, early tumor detection remained associated with curative 

therapy (OR 9.08, 95% CI 4.52–18.24). In this model, patients with Medicaid (OR 0.26, 

95% CI 0.10–0.66), Medicare (OR 0.37, 95% CI 0.18–0.79), or being uninsured or on a 

subsidy plan (OR 0.17, 95% CI 0.05–0.57) remained less likely than those with commercial 

insurance to receive curative therapy (Fig. 1). In order to eliminate selection bias associated 

with liver transplantation, we performed a sub-analysis of those receiving surgical resection 

and LAT and found that associations remained unchanged (data not shown). Conversely, 

controlling for all other variables in the model, race/ethnicity was not meaningfully 

associated with receiving curative therapy (p = 0.28).
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Overall Survival

Finally, the median survival of the cohort was 25.7 months and 1-year probability of survival 

was 62.4%. At the end of the study period, 48% of Blacks, 39% of Whites, 37.4% of 

Hispanics, and 26.6% of those identified as other race were deceased. Over half (55%) of 

those with Medicaid, 42.6% of those with subsidy insurance, 40.5% of uninsured were 

deceased at the end of the study period, while the lowest mortality was observed among 

those with Medicare (34.7%) and commercial insurance (30.1%). On multivariable analysis, 

patients receiving a curative therapy had lower mortality when compared to those receiving 

any other HCC treatment (HR 0.33, 95% CI 0.19–0.56) after controlling for race/ethnicity 

and insurance status. However, race/ethnicity (p = .31) and insurance status (p = .20) were 

not associated with overall survival (Table 4).

Discussion

In our multicenter study of two academic and two safety-net hospitals, we characterized 

racial/ethnic an economic disparities in HCC prognosis. We found no differences in early 

tumor detection, curative treatment receipt, or overall survival by race/ethnicity. Although 

insurance status was not associated with early HCC detection, it was significantly associated 

with curative treatment receipt, with significantly higher treatments in patients with 

commercial insurance than their counterparts. In turn, receipt of curative treatment was 

associated with improved survival. Overall, these results underscore insurance status as an 

important prognostic factor and potential driver of prognostic disparities.

Previous studies have identified racial/ethnic-specific disparities across the HCC cancer 

continuum [14, 23, 24]. For example, Rich et al. [24] examined over 1000 patients at two 

large health organizations and found Blacks and Hispanics were less likely to be diagnosed 

with early stage HCC and less likely to undergo curative treatment compared to Whites. In 

Surveillance, Epidemiology, and End-Results Program (SEER) database, Whites and Blacks 

had higher odds of mortality compared with Asians [10]. Similar studies suggest Blacks 

consistently had more advanced stage at diagnosis and lower rates of receiving any treatment 

[23]. In analysis of the Veterans Administration, Hispanics had lower odds of all-cause 

mortality compared to Whites, Blacks, and Asians [16]. However, we did not find significant 

racial/ethnic disparities in surveillance receipt or overall survival. Our study may be 

discordant from previous literature for a few reasons. First, our study included granular, 

multicentered data containing variables such as degree of liver dysfunction, insurance status, 

and specialty referral, which were not present in all previous studies. The inclusion of 

insurance status as a measure of SES is particularly important as it possible that previously 

reported racial/ethnic differences were actually related to differences in SES. It is well 

known the two are highly correlated so attributed disparities to one construct or the other can 

be quite difficult. Second, we included patients seen at two academic centers and two safety-

net health systems, and these results may differ from patients seen in other practice settings 

such as community practices or integrated health systems such as the Veterans Affairs. 

Finally, prior studies have suggested racial/ethnic differences in access and engagement in 

medical care, and our study was restricted to patients who presented for outpatient medical 

care so may not generalize to those without any medical coverage or not engaged in medical 
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care. Reasons for the differences seen among races/ethnicities in HCC care are difficult to 

identify, but likely involve factors including, but not limited to, financial/SES, tumor 

biology, provider-and patient-related factors [24–26].

The care of the patient with HCC is a complex, multilevel process that includes 

identification of at-risk patients, primary prevention, early detection, diagnosis, treatment, 

and survivorship [27]. Disparities in HCC healthcare delivery can influence appropriate care 

along all aspects of the cancer care continuum. Our study found that early tumor detection 

was not significantly associated with age, race or insurance status. These data suggest that 

unidentified factors independent of demographics influence the rate of HCC surveillance and 

early tumor detection and further studies are needed to understand patient, provider, and 

health system factors.

In our study only 26.9% of the entire cohort and just under half (48.6%) of those diagnosed 

within Milan Criteria received curative treatment. This finding is unfortunately comparable 

to other studies reporting underutilization of curative therapy, ranging from 21 to 40% [24, 

25]. Many factors affect the utilization of curative therapy including, but not limited to 

patient-related factors (patient choice, comorbid conditions, substance abuse, social 

support), provider-level factors (local expertise and availability of OLT or liver resection) 

and technical factors (tumor characteristics including size and location, organ availability, 

and changes to allocation system). Patient-related factors other than insurance status 

including education level, health literacy, social support, transportation, substance abuse can 

significantly affect decisions on curative therapy [17]. Unfortunately, we were unable to 

evaluate many of these additional factors given the retrospective nature of our study. In our 

study, factors independently associated with receipt of curative treatment were early tumor 

detection and having seen a GI specialist in the previous year. Lack of commercial insurance 

coverage was independently associated with lower odds of receiving curative therapy. 

Although the effect of having health insurance on health outcomes have mixed evidence on 

cancer stage [28–30], our study found that having commercial insurance may play a 

significant factor in receiving curative therapy in patients with HCC. Access to insurance 

coverage appears vital to closing the disparities gap.

In addition, our study reinforces that GI subspecialty care is significantly associated with 

early tumor detection and may be an important driver of improved outcomes. Several studies 

have highlighted the association between GI subspecialty care and HCC surveillance [31]. 

Prior studies suggested PCPs have substantial barriers to HCC surveillance including 

competing clinical concerns and deficits in knowledge about surveillance benefits [26, 32]. 

Racial/ethnic minorities and socioeconomically disadvantaged patients typically have 

differential access to medical care, including less clinic visits and higher likelihood of being 

seen in safety-net health systems that may have less treatment availability [33]. Improving 

access to subspecialty care and alternative care deliver models such population health 

programs or telehealth [34, 35], targeted toward racial/ethnic minorities and 

socioeconomically disadvantaged patient populations may be effective interventions to 

improve HCC outcomes.
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There are a few notable limitations in our study. First, the retrospective study design has 

inherent biases including the possibility of unmeasured confounders not being included in 

the analysis. For example, degree of social support, accurate alcohol and tobacco use, and 

ECOG status may affect HCC treatment decisions. Second, we attempted to adjust for SES 

utilizing insurance status as a proxy marker; however, insurance status is an imperfect 

surrogate, and further analyses including both individual, such as education and household 

income, and neighborhood SES are still needed [36]. Despite this, we feel that our study 

adds to the current literature and provides an impetus for prospective studies with more 

comprehensive SES assessments to evaluate the intersectionality between race/ethnicity and 

SES. Third, defining early tumor detection as within Milan Criteria could have had an 

impact on treatment decision that ultimately affected HCC morbidity and mortality. Fourth, 

the mode of HCC detection was not available for analysis; although insurance status may 

affect the type of imaging for surveillance, ultrasound-based surveillance is considered 

standard and used for most patients at each of the sites. Fifth, our study is limited by 

selection bias, as all patients in our study were seen at one of the four health systems and 

prior studies have demonstrated differential access to care between racial/ethnic groups and 

therefore may limit overall generalizability of our findings. It is possible we would find 

greater racial/ethnic and socioeconomic disparities in population-based samples of HCC 

patients. We did include two safety-net health systems, capturing socioeconomically 

disadvantaged patients that are not captured in studies isolated to tertiary care referral 

centers. We believe the strengths of our multicentered study design outweigh the limitations.

In summary, our multicenter study examining healthcare delivery among patients with HCC 

in the US failed to find any racial/ethnic disparities in early tumor detection, receipt of 

curative treatment, and overall survival; however, we instead found disparities by insurance 

status with regard to receipt of curative therapy. Further, we found access to GI subspecialty 

care was one of the most important factors associated with early tumor detection and receipt 

of curative treatment. These findings highlight the important role of insurance coverage, and 

access to specialty care when evaluating racial/ethnic disparities in HCC outcomes.
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Fig. 1. 
Adjusted odds of receiving curative treatment
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