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ABSTRACT
Background and Objective: While highly effective hepatitis C virus (HCV) therapies exist, 
gaps in the cascade of care remain. Disparities in the HCV cascade are prominent among 
underserved safety-net populations. We aim to evaluate the HCV cascade among an urban 
safety-net cohort of HCV patients. Methods: We retrospectively evaluated adults with chronic 
HCV to determine rates of linkage to care (LTC), retention to care, and receiving HCV treatment 
from 2002 to 2018.  Comparisons between groups utilized Chi-square testing; comparisons of 
median time to LTC and HCV treatment were evaluated with Student’s t-test and analysis of 
variance. Results: Among 600 chronic HCV patients (60.7% male, 20.7% non-Hispanic white, 
49.2% African American, 92.5% treatment naïve, 26.8% cirrhosis), successful LTC within one 
year of HCV diagnosis was 57.7%, among which, 91.6% were successfully retained into care.  
In those with successful LTC, 72.6% received HCV treatment, 91.8% completed treatment, 
and 89% achieved SVR12. Women with HCV experienced longer delays from LTC to HCV 
treatment (331 vs. 206 days in men, P < 0.05), as did African Americans (280 vs. 165 days in 
non-Hispanic whites, P < 0.05). Compared to the non-Hispanic whites, HCV treatment was 
lower in African Americans (70.4% vs. 74.4%, P < 0.05). Conclusion: Women with HCV 
experienced significant delays along the HCV cascade, with median time of over 2 years from 
diagnosis to treatment. African Americans also experienced significant delays along the HCV 
cascade of care. However, sex and race/ethnicity were not found to be significant predictors 
of overall LTC or treatment.
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INTRODUCTION

Despite the availability of  highly effective 
curative treatment options, hepatitis C 
virus (HCV) remains a leading cause of  
liver-related morbidity and mortality in 
the United States. From 2013–2016, the 
Centers for Disease Control and Prevention 
estimated a total of  2.4 million adults with 
chronic HCV in the United States.[1] The 
epidemiology of  chronic HCV in the 
United States is further complicated by the 
rise in incident of  acute HCV infections 
resulting from the growing opioid epidemic 
observed  in persons younger than 39 

years of  age in the Appalachia regions.[2] 
In California, the number of  new chronic 
HCV infections increased 14 percent from 
2014 to 2016 (from 86 to 98.2 per 100,000 
population), which may be attributed to 
increases in injection drug use particularly 
among adolescents and young adults.[3] 
In 2016, the World Health Organization 
estimated 399,000 people died from 
HCV-related cirrhosis and hepatocellular 
carcinoma.  

Existing data demonstrates that HCV 
treatment, particularly with highly-
effective direct-acting antivirals, reduces 
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overall mortality,[4,5] ameliorates portal hypertension,[6] 
and reduces progression to HCC[7] in persons with 
chronic HCV infection. Given the accessibility of  
curative DAA, HCV eradication hinges on timely 
diagnosis, linkage to care and treatment implementation, 
and achieving sustained virologic response (SVR). 
Delays in access to treatment persist, especially 
among vu lnerab le  sa fe ty -ne t  popu la t ions. [8 ,9 ]  
Safety-net populations are enriched in ethnic minorities 
and are predominantly insured by Medicaid or indigent 
care insurance programs and safety-net health systems 
that care for these populations are defined by the 
Institute of  Medicine as “those providers that organize 
and deliver a significant level of  healthcare and other 
needed services to uninsured, Medicaid, and other 
vulnerable patients.”[10–12] Better understanding of  the 
gaps and disparities in the HCV cascade of  care is needed 
to guide the development of  targeted interventions 
to improve micro-elimination goals. Existing studies 
have reported on race/ethnicity-specific disparities in 
access to HCV treatment.[13–15] For example, Jung et al. 
evaluated 281,810 Medicare patients with chronic HCV 
and observed significantly higher odds of  HCV therapy 
in African Americans compared to non-Hispanic whites 
(adjusted OR 1.24, 95% CI 1.22–1.27), but no significant 
differences in Hispanics.[15]  However, Spradling et al. 
evaluated the Chronic Hepatitis Cohort Study from 
2014–2015 and observed 30% lower odds of  treatment 
in African Americans compared to non-Hispanic whites; 
Wong et al. evaluated 29,544 chronic HCV patients across 
four community-based healthcare systems and observed 
significantly lower odds of  HCV treatment in Hispanics 
compared to non-Hispanic whites (adjusted odds ratio 
0.48, 95% CI 0.39–0.60).[8,14] We aim to evaluate the overall 
rates of  HCV linkage to care (LTC), retention to care, 
and access to treatment in an ethnically diverse safety-net 
population with a specific focus on sex-specific and race/
ethnicity-specific disparities.

METHODS

We retrospectively evaluated adults (age > 18 years) with 
chronic HCV among a single-center safety-net health 
system from 2002 to 2018. Chronic HCV was confirmed 
with positive HCV RNA. Successful LTC was defined 
as completion of  first clinic visit with a HCV provider 
following HCV diagnosis, and retention to care was 
defined as successful completion of  two subsequent HCV 
clinic visits following initial linkage. In our health system, 
majority of  HCV care and treatment was provided by the 
gastroenterology and hepatology clinics, with the exception 
of  3 primary care providers that were specifically trained to 
provide HCV care and treatment. Thus, it was feasible for 
us to accurately determine whether successful LTC with 

an HCV provider was present by reviewing the electronic 
health records. Safety-net patients are underinsured and 
therefore cannot be seen at other healthcare sites easily. 
While emergency care might be provided elsewhere, routine 
HCV care, including disease assessment and treatment 
(non-acute events) are not performed in the emergency 
care setting.[12,16,17] Due to health insurance limitations, 
most patients at safety-net systems are unlikely to receive 
HCV care outside of  our health system, unlike tertiary 
care settings, and thus, our cohort focusing on safety-net 
patients is a strength to ensure accurate assessment of  the 
HCV cascade of  care.

HCV liver disease severity was evaluated using fibrosis-4 
scores (FIB-4, a commonly used non-invasive serology 
based algorithm to predict probability of  advanced fibrosis. 
FIB-4 > 3.25 has 97% specificity and positive predictive 
value of  65% for identifying advanced fibrosis [F3 or 
greater]),[18] and the presence of  cirrhosis, ascites, and HCC 
at the time of  diagnosis based on the review of  laboratory, 
imaging data, and electronic health record documentation. 
Overall rates of  LTC, retention to care, and receipt of  
HCV treatment between groups were compared using 
Chi-square testing, and median time to achieve successful 
LTC and retention was assessed with Student’s t-test or 
analysis of  variance. We additionally performed multivariate 
logistic regression modeling to evaluate for independent 
predictors of  overall successful LTC. Variables selected for 
the multivariate model were determined a priori based on 
what was hypothesized to significantly affect probability of  
successful LTC, and the final model included adjustments 
for age, sex, race/ethnicity, housing status, primary care 
provider status, alcohol use, and drug use. Statistical 
analyses were performed using STATA version 14.0 
(StataCorp, College Station, TX). Statistical significance 
was met using two-tailed P-value < 0.05. The analysis 
of  this study was performed consistent with STROBE 
(STrengthening the Reporting of  OBservational studies 
in Epidemiology) guidelines.[19] This study was approved 
by the Institutional Review Board at the institution of  the 
study conduct.

RESULTS

Description of the Study Cohort
Among 600 chronic HCV patients, mean age was 53.9 ± 
9.9 years, 60.7% were male, 49.2% were African American, 
1.8% were Hispanic, 8.8% were Asian, 19.5% were 
“other” race. HCV genotype distributions were: 54.7% 
genotype 1a, 20.4% genotype 1b, 8.3% genotype 2, 9.9% 
genotype 3, 3.3% genotype 4, 0.2% genotype 5, and 3.2% 
genotype 6. Overall 92.5% of  patients were treatment 
naïve. At the time of  HCV diagnosis, median FIB-4 was 
1.86 (IQR 1.23–3.35), 26.8% had cirrhosis, and 2.4% had 
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hepatocellular carcinoma (Table 1). Overall, 65.0% had 
Medicaid or indigent care insurance, 5.9% were homeless, 
5.4% had active alcohol use, and 55.6% had history of  
intravenous drug use.

Overall Outcomes
Overall LTC was 57.7% within one year of  HCV diagnosis, 
among which, 91.6% achieved successful retention to care. 
Among those with successful LTC, 72.6% received HCV 
treatment (38.4% within one year of  HCV linkage), among 
which, 91.8% completed treatment, and 89.0% achieved 
SVR at 12 weeks post treatment (SVR12) (Table 2). Median 
time from HCV diagnosis to LTC was 146 (IQR 30–780) 
days, and median time from LTC to receipt of  HCV 
treatment was 221 (IQR 109–840) days. 

Sex-Specific Outcomes
While median time from HCV diagnosis to LTC was similar 
between men and women (147 days vs. 145 days, P = 0.92) 
(Figure 1A), women with HCV experienced significantly 
longer delays in the receipt of  HCV treatment after initial 
LTC (331 days in women vs. 206 days in men, P < 0.05) 
(Figure 1B). When looking at the overall cascade of  care 
from median time of  HCV diagnosis to the receipt of  
HCV treatment, women experienced significantly longer 
delays compared to men (800 days vs. 427 days, P < 0.05) 
(Figure 1C). On multivariate logistic regression analyses, 
sex was not identified to be an independent predictor of  
overall successful LTC.

Race/Ethnicity-Specific Outcomes
When evaluating by race/ethnicity, no significant differences 
in LTC and retention to care rates were observed in our 
HCV cohort (Table 3). However, among HCV patients 
with successful LTC, HCV treatment was significantly 
lower in the African Americans compared to the non-
Hispanic whites (70.4% vs. 74.4%, P < 0.05), whereas 
SVR12 was similar among those that were successfully 
treated (90.1% vs. 87.7% in non-Hispanic whites, P = 
0.83). When evaluating median time progressing through 
the HCV care cascade, significantly longer delays from 
LTC to the receipt of  HCV treatment was observed in the 
African Americans compared to the non-Hispanic whites 
(280 days vs. 165 days, P < 0.05). On multivariate logistic 
regression analyses, race/ethnicity was not identified to 
be an independent predictor of  overall successful LTC.

DISCUSSION

Overall, among our safety cohort of  HCV patients, when 
evaluating the time from HCV diagnosis to LTC and receipt 
of  treatment, we observed that women (vs. men), and 
African Americans (vs. non-Hispanic whites) experienced 
significant delays in progressing through the HCV cascade 

of  care. However, on adjusted multivariate model, both sex 
and race/ethnicity were not observed to be independent 
predictors of  successful LTC or successful receipt of  HCV 
treatment.

Disparities in the HCV cascade of  care persist.[9,20–22] While 
significant improvements in risk-based and birth cohort-
based HCV screening have occurred, timely referral and 
successful LTC remain significant gaps in the cascade 
of  care. Notably, for our safety-net cohort, over 40% of  
confirmed chronic HCV patients did not achieve successful 
LTC within 1-year of  diagnosis, which is significantly 
lower than LTC rates reported in comparable safety-net 
populations.[23]  However, it is important to note the high-

Table 1: Characteristics of the study cohort
Characteristics No (%)
Sex  

Male 364 (60.67%)
Female 236 (39.33%)
Race/Ethnicity  
White 124 (20.67%)
African American 295 (49.17%)
Hispanic 11 (1.83%)
Asian 53 (8.83%)
Other 117 (19.5%)

Age at HCV diagnosis (mean ± SD) 53.9 +/- 9.9
Housing  

Homeless 35 (5.85%)
Housed 563 (94.15%)

Established with primary care provider  
Yes 510 (88.24%)
No 68 (11.76%)

Alcohol use  
Never 284 (49.13%)
Former 204 (35.29%)
Current 90 (15.57%)

IV drug use  
Never 253 (44.31%)
Former 287 (50.26%)
Current 31 (5.43%)

Prior HCV treatment  
Yes 45 (7.51%)
No 554 (92.49%)

Co-morbidities at diagnosis  
Cirrhosis  
Yes 134 (26.8%)
No 366 (73.2%)
HCC  
Yes 12 (2.44%)
No 479 (97.56%)
Ascites  
Yes 27 (5.2%)
No 492 (94.8%)
HIV  
Yes 24 (4.01%)
No 574 (95.99%)
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Figure 1: Median time from: A) HCV diagnosis to LTC, B) LTC to HCV treatment, and C) HCV diagnosis to HCV treatment among males and females with chronic HCV

Table 2: HCV linkage, retention, and treatment rates overall and among males and Females
Male Female Total

Overall linkage to care 83.75% 92.49% 87.11%
Linkage to care within 1 year of HCV diagnosis 58.86% 55.94 % 57.72%
Overall retention* 90.52% 93.13 % 91.58%
Treatment initiated* 71.95% 78.02 % 72.62%
Treatment completed# 90.18% 93.90 % 91.75%
SVR12# 87.80% 90.67 % 89.01%
*Among HCV patients with successful LTC; #Among HCV patients who received HCV treatment

Table 3: HCV linkage, retention, and treatment rates by race/ethnicity

Non-Hispanic White African American Other

Overall Linkage to care 90.32% 85.59% 87.60%
Linkage to care within 1 year of HCV diagnosis 65.09% 53.21% 60.54%
Overall retention* 91.67% 92.08% 90.57%

Treatment initiated* 74.38% 70.28% 80.90%

Treatment completed# 96.10% 87.50% 94.81%

SVR12# 87.67% 90.13% 88.46%
*Among HCV patients with successful LTC; # Among HCV patients who received HCV treatment.
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risk characteristics of  our safety-net HCV cohort including 
5.9% homeless, 11.8% without established primary care, 
50.9% with current or prior alcohol use, and 55.7% 
with current or prior drug use. While likely involvement  
of  a complex interplay of  patient, provider, and system 
level factors, these delays in timely LTC are reflected in 
the observation that nearly 27% of  HCV patients had 
evidence of  cirrhosis at presentation.  Our study continues 
to highlight gaps in the HCV cascade of  care that persist 
after chronic HCV diagnosis, especially as it relates  
to linkage and retention to care. Given the retrospective 
nature of  our study design, we could not specifically 
identify what the causal factors were that led to suboptimal 
linkage and disparities observed. However, our findings 
and others highlight the need for more patient-centered 
methods to improve HCV linkage to care such as patient 
navigators.[24–26]

The optimistic part of  our observations demonstrates that 
once patient achieve successful LTC, progression through 
the remainder of  the cascade seems to be fairly intact, 
albeit still with some room for improvements. Specifically, 
nearly 92% of  LTC patients were successfully retained 
or engaged into care, with nearly 73% making it to HCV 
treatment. The gaps from the receipt of  HCV treatment 
to achieving SVR have been closed with highly effective 
direct acting antiviral therapies, but our data and others 
continue to emphasize the need for greater improvement 
among gaps earlier in the HCV cascade of  care, particularly 
for vulnerable safety-net populations.[21]

Delays or failures in successful LTC and HCV treatment 
can also be attributed to poor health literacy and insurance-
specific barriers. For instance, patients report that due to 
lack of  symptoms and perception that HCV is a benign 
disease, they failed to seek treatment. Prior studies also 
note fear of  side effects from interferon-based therapies, 
even in the era of  highly effective direct acting antivirals, 
were common patient reported attitudes. In terms of  
insurance, multiple analyses[20,21,27,28] observed that Medicaid 
insurance status posed a significant barrier to treatment 
approval, which continues to improve with advocacy 
aimed at minimizing insurance based restrictions across 
the United States.

Similar to prior studies, our cohort observed that African 
Americans experience disproportionately greater delays in 
progressing through the HCV cascade of  care compared to 
non-Hispanic whites.[29] While our study observed relatively 
similar rates of  HCV treatment once LTC was achieved, 
other studies have observed lower rates of  HCV treatment 
in African Americans and Hispanics.[9] Language barriers, 
cultural stigma, and health literacy may play critical roles in 
these marginalized populations that affect their continued 

engagement into HCV care.[30–32] Recognizing these trends 
was particularly important in our geographic region where 
African Americans comprise 6% of  the population but 
represent 10% of  newly reported chronic HCV infections 
according to the California Department of  Public Health 
2016 data.[3] 

Contrary to the findings of  Bourgi et al., who noted 
that men had increased rates of  HCV screening but 
lower rates of  treatment,[22] women with HCV in our 
cohort experienced significantly longer delays in access 
to treatment after HCV diagnosis. This finding was 
supported by Zuckerman et al.,[21] who noted that women 
in their cohort were three times less likely to complete an 
evaluation for HCV treatment compared to men. This 
association is likely multi-factorial and may reflect aspects 
of  social stigma (i.e., women may be less forthcoming with 
providers about risky behaviors predisposing to HCV), 
leading to delays in diagnosis and linkage to care.[33,34] 
Combined with the 22% rise in HCV infections among 
women of  child-bearing age between 2011–2014, and a 
parallel rise in vertical transmission,[35] increased emphasis 
should be placed on targeting women with chronic 
HCV to improve engagement into care and treatment. 
Finally, Papatheodoridis et al., in evaluating barriers to the 
prevention, diagnosis, and treatment of  HCV in the face of  
persisting fiscal constraints in Europe, identified a few key 
barriers in the European region.[36] These barriers include 
lack of  evidence-based knowledge of  HCV, limited access 
to prevention, diagnosis, and treatment services with poor 
patient pathways, declining resources, and the presence of  
social stigma and discrimination.

Certain limitations of  a retrospective cohort study should 
be acknowledged. A major limitation stems from the 
retrospective nature of  the study design that only allows 
one to observe trends and associations, but specific 
comments on potential causality can only be hypothesized. 
While single center studies may have potential limitations 
in assessing loss to follow up given the possibility that 
patients utilize other healthcare systems that may not be 
captured, it is important to note that safety-net patients are 
underinsured and less commonly seen at other healthcare 
sites easily for routine outpatient care. While acute care 
or emergency care might be provided elsewhere, routine 
HCV care, including disease assessment and treatment 
(non-acute events) are not performed in the emergency 
care setting,[12,16,17] and thus, our cohort focusing on 
safety-net patients may be a strength to ensure accurate 
assessment of  the HCV cascade of  care compared to 
tertiary care settings. Furthermore, while our unadjusted 
univariate analyses identified important disparities by sex 
and race/ethnicity, our adjusted multivariate analyses did 
not identify significant predictors of  successful LTC. This 
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is likely due to limitations of  our relatively smaller sample 
size that was even smaller when specifically evaluating 
by subgroups.  Furthermore, when evaluating the overall 
demographics of  our healthcare system and comparing 
with the demographics of  our cohort, the low prevalence 
of  categorized Hispanics in our cohort suggests that a 
majority of  the “other” race/ethnicity patients may in fact 
represent Hispanic patients. As such, while we report some 
race/ethnicity differences, trends in Hispanic and Asian 
populations in our cohort were likely not well captured. 
Thus, while we report results for patients with “other” 
race as listed in the medical records, we acknowledge these 
limitations and thus our study sample only allowed us to 
calculate reliable estimates of  HCV linkage and retention 
among non-Hispanic whites and African Americans. With 
regards to liver disease severity, we utilized FIB-4 score as 
this is the more accurate of  the currently available non-
invasive serology based tests to assess risk of  advanced 
fibrosis. Few patients received liver biopsy or transient 
elastography assessment during the study period, and 
thus, these data were not available for inclusion in our 
study. However, it is important to note that FIB-4 is not 
perfectly accurate and is subject to heterogeneity. Thus, 
in our cohort, we also performed manual chart review to 
determine the presence of  cirrhosis based on the presence 
of  cirrhosis complications of  the clinician’s assessment 
of  cirrhosis, which is likely more accurate in our cohort. 
Finally, progressing through the HCV cascade from 
diagnosis to treatment is complex, and involves an interplay 
between patients, providers, and system level factors, and 
certain factors such as attitudes and perceptions of  HCV 
therapies amongst both patients and providers could not be 
assessed in our current study.[20,37] Despite these limitations, 
we believe that our data provide important observations 
regarding the HCV cascade of  care within an urban safety-
net health system and continue to raise awareness of  the 
need to develop novel interventions to improve the HCV 
cascade of  care, particularly among underserved safety-
net populations. For example, better integrating patient 
navigators into the patient HCV pathway, or better utilizing 
and implementing electronic health record based alert 
systems to reduce lost to follow up are potential ways to 
improve HCV linkage to care among those that are at high 
risk of  lost to follow up.

CONCLUSION

With the availability of  highly effective antiviral therapies 
for the treatment of  chronic HCV, renewed attention and 
research is needed to better address disparities among 
patients progressing through the HCV cascade of  care, 
from improved diagnosis, more effective linkage to care, 
and ultimately, helping patients receive treatment in a 
timely manner.
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