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Abstract

Background: Widespread HCV treatment for hepatocellular carcinoma (HCC) patients remains 

limited. Our aim was to evaluate the association of HCV treatment with survival and assess 

barriers to treatment.

Methods: Patients in the U.S. Safety Net Collaborative with HCV and HCC were included. 

Primary outcome was overall survival (OS). Secondary outcomes were recurrence-free survival 

(RFS) and barriers to receiving HCV treatment.

Results: Of 941 patients, 57% received care at tertiary referral centers (n=533), 74% did not 

receive HCV treatment (n=696), 6% underwent resection (n=54), 17% liver transplant (n=163), 

50% liver-directed therapy (n=473), and 7% chemotherapy (n=60).
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HCV treatment was associated with improved OS compared to no HCV treatment (70 vs 21 

months, p<0.01), persisting across clinical stages, HCC treatment modalities, and treatment 

facilities (all p<0.01). Surgical patients who received HCV treatment had improved RFS compared 

to those who did not (91 vs 80 months, p=0.03). On MVA, HCV treated patients had improved OS 

and RFS.

On MVA, factors associated with failure to receive HCV treatment included Black race, higher 

MELD, and advanced clinical stage (all p<0.05).

Conclusion: HCV treatment for HCC patients portends improved survival, regardless of clinical 

stage, HCC treatment, or facility type. Efforts must address barriers to HCV treatment.

Background

Hepatocellular carcinoma (HCC) is the most common primary neoplasm of the liver, 

affecting 6 per 100,000 persons in the United States each year.1 Between 2008 and 2016, the 

incidence of HCC has steadily increased by 3% annually, with recent projections indicating 

its continued growth.2 This is likely attributable to a high prevalence of hepatitis C virus 

(HCV), the most common etiology of HCC in the U.S.1

The management of HCC is largely dictated by the Barcelona Clinical Liver Cancer (BCLC) 

criteria, which takes into account patient factors such as performance status and Child-Pugh 

status, as well as oncologic considerations such as the size and number tumors.3 For 

localized and early stage disease, surgical resection or liver transplantation offers a 

potentially curative option, with 5-year survival rates exceeding 70%.4 Modalities for 

unresectable disease include liver-directed therapy and chemotherapy. However, the efficacy 

of these treatments is limited by the risk of HCC progression, especially in the context of 

ongoing HCV infection, which creates a persistent inflammatory state and drives treatment 

resistance.5

Historically, the mainstay of treatment for HCV included interferon-based regimens with or 

without ribavirin. Given a significant adverse drug reaction profile, this regimen had poor 

adherence and low overall rates of sustained virologic response (SVR).6 Fortunately, the 

introduction of direct acting antivirals (DAAs) in 2011 and their widespread dissemination 

in 2015 offered a more favorable side-effect profile and SVR rates greater than 97%.7 With 

the successful treatment of HCV, studies have established a marked improvement in HCC 

patient outcomes.8 Furthermore, a recent retrospective review of 22,500 HCV-infected 

patients treated with DAAs with SVR resulted in a 76% reduction in risk of developing HCC 

compared to those who did not achieve SVR.9

While DAAs offer an avenue for improved clinical outcomes for HCC patients, with a 

median survival of 72 vs 12 months (p < 0.01) when comparing patients who received DAA 

therapy to those who did not, access remains a major concern.10 Known barriers to treatment 

include prohibitive costs, as well as patient, provider, and system-level factors which span 

health insurance status, low socioeconomic status, and referral-associated delays, all of 

which can be compounded in a safety net hospital setting.11,12 Currently, there is limited 

data directly comparing barriers and clinical outcomes based on treatment facility in this 
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high-risk patient population. Our aim was to assess the impact of HCV treatment on survival 

in patients with concurrent HCC treated at safety net hospitals compared to tertiary referral 

centers. We also sought to determine the associated barriers to receiving HCV treatment in 

these two populations.

Methods

Data source and cohort selection

In this retrospective cohort study, patients were selected from the United States Safety Net 

Collaborative, a consortium of five large safety net hospitals and their tertiary referral center 

counterparts, including Grady Memorial Hospital, Parkland Memorial Hospital, Jackson 

Memorial Hospital, Bellevue Hospital, Ben Taub Hospital, Emory University, University of 

Texas Southwestern Medical School, University of Miami Miller School of Medicine, and 

New York University Medical School. All patients greater than 18 years of age with a 

diagnosis of HCC due to HCV etiology with known HCV treatment status were included 

from 2012 to 2014. Patients with extrahepatic disease (stage IVb), a positive macroscopic 

margin on liver resection (R2), recurrent disease, and non-hepatocellular carcinoma 

histology were excluded. Institutional Review Board approval was obtained at each site prior 

to data collection.

Study variables and outcomes

Demographic, pathologic, operative, post-operative, and survival outcomes data were 

collected via retrospective review of patient electronic medical records. Clinical staging was 

based on American Joint Committee on Cancer (AJCC) Guidelines 8th edition. HCC 

treatment was categorized as no treatment, surgery (right hepatectomy, extended right 

hepatectomy, left hepatectomy, extended left hepatectomy, sectionectomy, and non-anatomic 

resection), liver transplant, liver-directed therapy (radiofrequency ablation [RFA], 

microwave ablation [MVA], transarterial chemoembolization [TACE], radioembolization 

[Y90], and radiation, regardless of repetitive procedures) and chemotherapy. HCV treatment 

included DAAs, interferon-based regimens, and multiple treatment types. Health insurance 

included private, government provided, including Medicaid and Medicare, or a hospital card. 

Analysis was stratified by receipt of HCV treatment and treatment facility.

The primary outcome was overall survival (OS). Secondary outcomes were recurrence-free 

survival (RFS) and receipt of HCV treatment.

Statistical analysis

Statistical analysis was performed using SPSS 26.0 software (IMB Inc., Armonk, NY). 

Analyses were conducted specifying a significant level (alpha) of 0.05. Chi-squared or 

Fisher’s exact tests were used for comparing categorical variables. Student’s t-test or Mann–

Whitney tests were used for comparing the means and medians of continuous variables, 

respectively. Comparative analyses were performed to compare the cohorts that did and did 

not receive HCV treatment. Kaplan–Meier analyses, log-rank tests, and univariate Cox 

regression were performed to determine associations between HCV treatment status and OS. 

Univariate and multivariable binary logistic regression were used to determine the 
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association of clinicopathologic variables and receipt of HCV treatment. Covariates that 

were deemed clinically relevant and/or statistically significant on univariate analyses were 

selected for inclusion in multivariable models.

Results

Patient characteristics

Of the 1910 patients in the U.S. Safety Net Collaborative database, 941 met inclusion 

criteria. The demographic and clinicopathologic characteristics of the study population are 

outlined in Table 1. Twenty-six percent (n = 245) of patients received HCV treatment. The 

median age of patients was 60 years (IQR 56–64). Seventy-eight percent (n = 734) were 

male and 22% (n = 207) were female. The majority of patients were insured (89%, n = 769). 

Ninety-five percent (n = 887) had cirrhosis with a median MELD score of 10 (IQR 8–15). 

Most patients had clinical stage I (48%, n = 428) and II (24%, n = 215) disease. Patients who 

received care at a tertiary referral center comprised 57% (n = 533) of the study population, 

compared to 43% (n = 408) who received care at a safety net hospital. Among those who 

received HCV treatment, 76% (n = 186) of patients received care at a tertiary referral center, 

while 24% (n = 59) received care at a safety net hospital. Conversely, only 35% and 14% of 

eligible patients received HCV treatment at tertiary referral centers and safety net hospitals, 

respectively. For the management of HCC, 6% (n = 54) underwent resection, 17% (n = 163) 

received a liver transplant, 50% (n = 473) received liver-directed therapy, 6% (n = 60) 

received chemotherapy, and 20% (n = 191) received no treatment. Median follow-up was 18 

months (IQR 6–46).

Patients who received HCV treatment were older (62 vs 59 years, p < 0.01), more likely to 

be White (68 vs 51%, p < 0.01), to have insurance coverage (96 vs 86%, p < 0.01), and to 

have a lower MELD score at diagnosis (10 vs 11, p = 0.03) compared to those who did not 

receive HCV treatment. These patients were also more likely to have clinical stage I disease 

(58 vs 44%, p < 0.01), to receive treatment at a tertiary referral center (76 vs 50%, p < 0.01), 

to receive HCC treatment (93 vs 75%, p < 0.01), and had longer follow-up (39 vs 14 months, 

p < 0.01). These patients were less likely to have a mental health diagnosis (8 vs 14%, p < 

0.01).

Survival analysis

For all patients, HCV treatment was associated with improved median OS compared to no 

HCV treatment (70 vs 21 months, p < 0.01; Fig. 1a). This association persisted across all 

clinical stages (all p < 0.01), and all HCC treatment modalities (all p < 0.01). On univariate 

Cox regression, insurance coverage, HCC treatment (resection, transplant, and liver-directed 

therapy), and HCV treatment were associated with improved overall survival (Table 2). On 

multivariable Cox regression, accounting for age, insurance type, MELD, clinical stage, 

treatment facility type, and HCC treatment, HCV treatment remained independently 

associated with improved OS (HR: 0.65, 95% CI: 0.51–0.83, p < 0.01). Notably, treatment at 

a safety net facility was not a predictor for decreased overall survival in the multi-variable 

model. On subset analysis by treatment facility type, when patients received HCV treatment, 

the degree of improvement in survival compared to no treatment was similar regardless if 
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treated at a tertiary referral center (5-yr OS: 56 vs 31%, p < 0.01; Fig. 1c) or a safety net 

hospital (5-yr OS: 51 vs 23%, p < 0.01; Fig. 1d).

Recurrence-free survival analysis in patients with complete tumor extirpation

On subset analysis for patients who underwent complete tumor extirpation (surgical 

resection or liver transplant), patients who received HCV treatment had improved RFS 

compared to those who did not (91 vs 80 months, p = 0.03; Fig. 1b). On univariate Cox 

regression, the presence of cirrhosis and HCV treatment was associated with improved RFS. 

Asian race was associated with worse RFS. On multivariable Cox regression, accounting for 

race, presence of cirrhosis, and treatment facility, HCV treatment remained associated with 

improved RFS. Treatment at a safety net hospital was not a predictor for worse RFS on 

univariate or multivariable analysis.

Barriers to receiving HCV treatment

For all patients, factors associated with a decreased odds of receiving HCV treatment on 

univariate analysis include Black race, higher MELD score, advanced clinical stage, and 

care at a safety net hospital (all p < 0.05) (Table 4). On multivariable logistic regression, 

accounting for age, insurance status, and HCC treatment, Black race, higher MELD score, 

and clinical stage II were associated with a decreased odds of receiving HCV treatment, 

while receiving a liver transplant or undergoing liver-direct therapy was associated with an 

increased odds of receiving HCV treatment. When stratifying by treatment facility, no 

significant barriers to HCV treatment were noted when accounting for the relevant 

demographic and clinicopathologic factors. At tertiary referral centers, Black race, higher 

MELD score, and clinical stage II were associated with a decreased odds of receiving HCV 

treatment in the adjusted model accounting for age, insurance status, and HCC treatment 

modality. Notably, care at a safety net hospital was not a barrier to receiving HCV treatment 

in the multivariable model.

Discussion

In this multi-institutional study, HCV treatment was associated with improved OS in all 

patients and improved RFS in surgical patients, regardless of clinical stage, HCC treatment 

modality, or treatment facility type. However, only a small subset of patients seen at safety 

net hospitals and tertiary referral centers received HCV treatment. Identified barriers to 

receiving HCV treatment include Black race, higher MELD score, and HCC clinical stage. 

For all patients, while insurance status and treatment facility were significant on univariate 

analysis, in the multivariable model, these were no longer predictors of not receiving HCV 

treatment. When the unique challenges patients at safety net hospitals face are addressed and 

patients go on to receive HCV treatment, long-term outcomes are similar to those of their 

peers at tertiary referral centers. Deliberate efforts must be directed towards removing the 

obstacles that prevent this vulnerable patient population from receiving the standard-of-care 

treatment.

For patients with HCC, HCV treatment portends improved short and long-term outcomes. 

While a minority of studies in 2016 report a higher risk of HCC recurrence with DAA 
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therapy, more recent prospective studies and meta-analyses demonstrate HCV treatment with 

DAAs is associated with lower HCC recurrence risk, especially when DAA initiation is 

delayed 6–12 months from HCC treatment.13–18 Routinely, participating institutions in the 

Safety Net Collaborative elected for HCC management to precede HCV therapy. In HCC 

patients with HCV treated with DAAs, Singal et al. demonstrated recurrence rates range 

from 0 to 59% within 2 years, with a pooled estimate for recurrence of 25% (95% CI: 19.4–

31.2).19 We report 2-year recurrence rates of 5 and 14% for patients who did and did not 

receive HCV treatment (Fig. 1b, Panel b). With respect to long-term outcomes, Dang et al. 

reported improved 5-year OS in East Asian HCC patients who received HCV treatment, 

compared to those who did not receive treatment (88 vs 66%, p < 0.01).20 Similarly, in the 

U.S., a 2019 retrospective cohort study showed a reduced mortality in HCC patients who 

received DAA therapy compared to those who did not (HR: 0.54, 95% CI: 0.33–0.90) and a 

2-year OS of 88 vs 76%.16 In our study, 5-year survival was of 55 vs 27% for patients who 

received HCV treatment compared to those who did not (p < 0.01). This association of HCV 

treatment with improved survival persisted on multivariable analysis regardless of treatment 

facility. In addition, the HCV treatment variable was comprised of DAA treatment, 

interferon, and combination DAA and interferon-based regimens. Regardless, the therapeutic 

benefit of HCV treatment remains clear.

While the impact of HCV treatment on patients with concomitant HCC is apparent, 

unfortunately, 86% of patients at safety net hospitals and 65% of patients at tertiary referral 

centers did not receive HCV treatment. Among those who received HCV treatment, only 

19% were administered DAAs, suggesting these patients are confronting substantial barriers 

to accessing these medications. Significant differences in the proportion of patients receiving 

DAA therapy at tertiary referral centers (6%) and safety net hospitals (3%) were also noted. 

Reasons for this are multifactorial and likely stem from patient, provider, and system-level 

factors. At safety net hospitals, these obstacles are compounded, especially in a patient 

population where inequities in the social determinants of health, which encompass economic 

stability, educational attainment, and access to health care, are highly prevalent.21

At the individual level, demographic and social factors associated with not receiving DAA 

therapy are well-documented, which include lack of health insurance, a history of substance 

abuse, and comorbid disease.22 Our multivariable analysis determined Black race, higher 

MELD score, and advanced HCC clinical stage to be associated with decreased odds of 

receiving HCV treatment. These findings highlight the racial/ethnic disparities present in 

this vulnerable patient population, with race a likely proxy for low socioeconomic status. 

Higher MELD score and clinical stage are representative of limited engagement with the 

health care system. Similarly, Mokdad et al. reported a decreased likelihood of patients at 

safety net hospitals to receive HCC therapy compared to those not at a safety net hospitals 

(60 vs 40%, p < 0.01), despite matched tumor stages.23 These findings further highlight 

decreased utilization of health care resources among safety net hospital patients.

Considering provider and system-level drivers, sub-optimal screening and access to 

definitive HCV treatment contribute to the high prevalence of untreated disease. In the U.S., 

45–85% of HCV patients are unaware of their status.24 Prior work at a Grady Memorial 

Hospital, a high-volume safety net hospital in the Southeastern U.S., revealed 74% of HCC 
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patients were HCV-positive, with only 15% of patients receiving treatment at the time of 

diagnosis.25 Formalized screening programs are critical for early detection and intervention, 

especially for at-risk patients.

Once a patient is diagnosed with HCV and is able to seek care, the price of DAA therapy can 

be prohibitive, with a 12-week course ranging from $40,000–123,000.26,27 Further, though 

DAA therapy is routinely covered by health insurance in the U.S., reimbursement criteria 

remains inconsistent, and often does not align with national treatment guidelines, thus 

hampering DAA distribution. For example, variable Medicaid prior authorization policies 

have been shown to further restrict the widespread distribution of DAAs. Clinical indications 

warranting reimbursement vary based on location and coverage policy, which can include 

advanced cirrhosis, suppressed HIV levels, and negative drug toxicology screens.28 These 

criteria often preclude patients served by safety net hospitals. The fact that a diagnosis of 

cirrhosis is a requirement of 75% of prior authorizations for DAAs may account for the 

association of cirrhosis with improved RFS in our univariate analysis (Table 3).26 While 

costly upfront, treatment of HCV halts the continuous insult on the liver and prevents further 

liver decompensation, liver-related complications, and accompanying costly interventions. 

To ultimately decrease HCV and HCC associated morbidity and mortality, we advocate for 

unfettered access to these life-saving medications. State Medicaid policies must be updated 

to ensure equitable access.

While the introduction of DAAs have transformed the management of HCV, there remains 

significant obstacles for patients to receive treatment. Fortunately, there are approaches that 

may improve HCV and HCC cure rates. It is important to recognize once a patient received 

HCV treatment, safety net hospital designation in and of itself was not an independent 

predictor for decreased survival or early recurrence, underscoring the importance of health 

care access and delivery.

In our effort to address modifiable barriers, solutions that target HCV and HCC screening, 

referral, diagnosis, and treatment delivery are essential. Patient outreach, education, 

screening, and counseling programs that further integrate existing resources at safety net 

hospitals, spanning patient navigation services, social work, and substance abuse clinics may 

improve treatment success.29 In addition, the use of dedicated HCV/HCC treatment clinics 

and disease management teams help streamline treatment protocols, and have been 

associated with increased specialist referrals, care delivery, and survival.30 After treatment, 

post-SVR HCC surveillance programs at a safety net hospital have also been shown to 

improve long-term outcomes.31 Lastly, by working with community resources and primary 

care providers, pipelines that promote strong referral patterns ensure continued HCV, HCC, 

and cirrhotic patient engagement.

Limitations of this study include its retrospective design, though a large multi-institutional 

collaborative database eliminates single-institution bias and may better allow for 

generalizability. Second, the study time period was a limitation. With FDA approval of 

second-generation DAAs in late 2013 and its widespread dissemination in 2014–2015, it is 

likely we underestimate the extent of DAA use compared to current trends.32 Third, data 

regarding HCV treatment start or end dates were not collected. As a result, we do not have 
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access to time intervals between definitive HCC treatment and HCV therapy initiation, thus 

the optimal timing for HCV or DAA therapy is unclear. Though given the timeframe of our 

study, it is likely patients received DAAs after HCC treatment. In addition, principal 

investigators of the U.S. Safety Net Collaborative reported the general practice pattern at 

each center is to manage HCC prior to pursuing HCV treatment. Finally, details with respect 

to the specific DAA regimen and duration of therapy were not available.

Conclusions

In summary, this multi-institutional study provides real-world evidence to support HCV 

treatment in patients with concomitant HCC. HCV treatment improves overall and 

recurrence-free survival in all patients with HCC, regardless of clinical stage, HCC treatment 

modality or type of treatment facility. While DAAs were a major advance for HCV 

treatment, offering a promising solution to halt the progression of liver disease, there exist 

significant challenges in accessing this treatment. In order to optimize the care of these high-

risk patients, we must work to remove these modifiable barriers by incorporating existing 

resources at safety net hospitals with novel, patient-centered solutions to maximize this 

potential.
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Figure 1. 
a: overall survival by HCV treatment for all HCC patients, b: recurrence-free survival by 

HCV treatment for surgical patients, c: overall survival by HCV treatment at safety net 

hospitals, d: overall survival by HCV treatment at tertiary referral centers
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