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Abstract

Background Vulnerable populations are disproportionately

affected by hepatitis C virus (HCV) infection and experi-

ence high rates of health disparity. There are no data on

real-world experience with highly efficacious direct-acting

anti-HCV treatment in this population.

Aims We aimed to evaluate the real-world experience with

sofosbuvir-based regimens among a vulnerable HCV-in-

fected population.

Methods HCV treatment response was assessed among

204 patients who completed 12–24 weeks of sofosbuvir-

based regimens (in combination with pegylated interferon

and ribavirin, simeprevir, ledipasvir, or daclatasvir) at the

San Francisco safety-net healthcare system liver specialty

clinic between January 2014 and December 2015. Viro-

logic response during therapy was assessed at weeks 4 and

8, end of therapy, and 12-week treatment discontinuation

(SVR 12).

Results Patient characteristics were median age 58 years,

60 % male, 42 % Caucasian (21 % black, 19 % Hispanic),

72 % had genotype 1 (23 % genotype 2 or 3), and the

median baseline log10 HCV viral load was 6.1 IU/ml and

alanine transaminase 63 U/l. Cirrhosis was present in 36 %

(of whom 40 % were decompensated), and 18 % were

HCV treatment-experienced. Overall, SVR 12 was

achieved in 97 % (99 % genotype 1, 100 % genotype 2,

84 % genotype 3). Five of six (83 %) patients who relapsed

had decompensated cirrhosis, and 67 % were also non-

adherent to therapy. On-treatment virologic response did

not impact SVR.

Conclusions High rates of sustained virologic response can

be achieved in safety-net HCV-infected patients. Access to

DAA-based regimens is critical to addressing HCV-related

health disparity in this at-risk population.

Keywords HCV � Direct-acting antiviral therapy �
Underserved population � Cirrhosis � Sustained virologic

response

Introduction

Approximately 2.7–3.9 million people are infected with

chronic hepatitis C virus (HCV) in the USA [1], with

reported cases of acute HCV increasing among young

intravenous drug users (IVDU) [2]. Currently, HCV

remains the leading cause of cirrhosis, hepatocellular car-

cinoma, and death due to liver disease [3] and is associated

with considerable healthcare costs as well as lost produc-

tivity [4]. Moreover, vulnerable populations who predom-

inantly receive care within safety-net healthcare systems

are disproportionally affected by HCV and are at risk of

experiencing health disparities associated with this infec-

tion [5–8]. Therefore, management of chronic HCV is a

public health priority. Fortunately, we are currently faced

with an unprecedented opportunity to address HCV in the

USA. Recommendations for one-time age-cohort screening

in addition to screening at-risk populations [9], and the

introduction of the Patient Protection and Affordable Care

Act (ACA) that expands access to health insurance cov-

erage [10], provide an opportunity to better identify
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patients and potentially provide anti-HCV treatment to

vulnerable populations. However, vulnerable populations

accessing care within safety-net healthcare systems remain

marginalized and socioeconomically disadvantaged. These

groups often include patients with low health literacy as

well as minority populations that may have limited English

proficiency and also include those with increased rates of

psychosocial and medical comorbidities. Thus, despite new

access to Medicaid/Medicare public insurance through

ACA, they continue to experience barriers to navigating

healthcare system resources that are integral to accessing

health care including but not limited to transportation,

language interpretation, stable housing, and psychosocial

support [11–14].

The development of interferon-sparing, well-tolerated,

and highly effective oral direct-acting antiviral (DAA)

regimens has recently greatly expanded the pool of HCV

treatment candidates, many of whom were not eligible

for or who preferred not to take interferon-based treat-

ment. However, high cost limits access to these medi-

cations. In addition, treatment of HCV-infected former

IVDU and other at-risk groups who rely on public

healthcare systems remains challenging due to the high

prevalence of underlying comorbid psychiatric disorders,

substance abuse, and unstable housing that complicate

care delivery [15]. Adherence to therapy is critical in

light of the potential for emergence of viral resistance

with drug interruption. Optimal delivery of HCV care in

this population will require the integration of interven-

tions such as enhanced patient education to address the

unique needs of these populations. For example, in the

San Francisco safety-net health system (now referred to

as San Francisco Health Network), introduction of a

mandatory formal HCV patient education class not only

improved patient knowledge [16] but also increased both

access to liver specialty care and improved sustained

virologic response (SVR) rates to HCV therapy in the

pegylated interferon (PEG) era [17]. It is therefore likely

that patient-centered interventions will remain effective

in improving HCV patient outcomes in the era of DAA-

based therapy.

While there are limited real-world data among various

cohorts emerging in the literature, to date there are no

data on DAA-based treatment outcomes among the

vulnerable population. Understanding success of DAA-

based HCV therapy is critical to reducing health dis-

parity in this population and provides support to further

expanding treatment access among this traditionally

difficult to treat group. We therefore aimed to evaluate

the real-world experience with DAA-based treatment

regimens and patient outcomes among a vulnerable

safety-net HCV-infected population.

Materials and Methods

Study Design

This is a retrospective observational cohort study of

patients treated with sofosbuvir-based regimens for HCV at

the San Francisco General Hospital (SFGH) liver specialty

clinic. This clinic is the specialty referral clinic for the San

Francisco Health Network (SFHN), the traditionally des-

ignated safety-net healthcare system in San Francisco,

which provides services to over 150,000 patients annually

including most of the county’s uninsured and underinsured

population [18]. The SFHN is administered by the San

Francisco Department of Public Health and includes a

network of 15 primary care clinics, San Francisco General

Hospital (an academic medical center that serves as an

acute care and referral facility), and the San Francisco

Community Clinic Consortium, which includes 11 feder-

ally qualified health centers [18]. Prior to evaluation in the

liver specialty clinic patients also attended a formal HCV

education class offered by this specialty service [16, 17].

This study was approved by the University of California

San Francisco Committee on Human Research.

Patient Population

In this study, all patients referred to the SFGH liver spe-

cialty clinic underwent evaluation for eligibility for HCV

therapy. All patients who initiated HCV therapy with

DAA-based regimens by the liver specialty clinic between

January 1, 2014, and December 31, 2015, were included in

the data analysis. Since the enactment of the ACA, the

majority of these patients received public insurance

(Medicaid and Medicare), and HCV therapy was approved

through either public insurance or the drug company

patient assistance programs if insurance denied access. All

HCV treatment regimens during the study period were

selected based on standard of care recommendations for the

HCV genotype, were sofosbuvir (SOF)-based, and inclu-

ded combination with ribavirin (RBV), pegylated inter-

feron (PEG) with RBV, simeprevir (SIM) with or without

RBV, or ledipasvir (LDV) with or without RBV. The

patients were followed in the clinic with clinical and lab-

oratory evaluation every 2–4 weeks during therapy and at 4

and 12 weeks following completion of therapy. The plan-

ned duration of therapy ranged from 12 to 24 weeks

depending on baseline characteristics of the patient; how-

ever, in some patients who had a planned treatment dura-

tion of 12 weeks, the duration was extended to up to

24 weeks based on virologic response during therapy if

approved by insurance or through compassionate use by the

drug company.

Dig Dis Sci

123



Data Extraction

Data were extracted from the electronic medical record

with respect to demographic, clinical, laboratory, and

imaging studies prior to, during, and following discontin-

uation of HCV therapy. Detailed hepatitis C virologic

characteristics including HCV mode of acquisition, viral

load, genotype, coinfection with hepatitis B or human

immunodeficiency virus (HIV), and prior HCV treatment

experience were captured. Severity of liver disease was

determined by either noninvasive aspartate transaminase

(AST) to platelet ratio index score (APRI), liver biopsy if

available, or imaging studies documenting presence and

complications of cirrhosis. History of decompensated liver

disease was determined by biochemical or clinical

parameters (such as ascites, hepatic encephalopathy, and

variceal hemorrhage). Additionally, medical and psychi-

atric comorbidities were assessed and documented. As per

standard practice of the liver specialty clinic, compliance to

HCV therapy was documented in the clinic notes and these

data were extracted.

Hepatitis C virologic response was determined during

therapy. Rapid virologic response (RVR) was defined as an

undetectable HCV viral load at week 4 during treatment.

End of treatment (EOT) response was defined as an

undetectable HCV viral load at the end of treatment. Sus-

tained virologic response (SVR 12) was determined by

undetectable HCV viral load at week 12 post-treatment.

Virologic relapse was defined as detectable virus following

EOT.

Statistical Analysis

Descriptive statistics were generated using median (range)

and frequency (%). In order to assess factors associated

with achieving RVR and week 8 response, univariate and

multivariate logistic regression modeling was used. Mul-

tivariate logistic regression modeling included a priori

compiled list of variables (age, sex, race, genotype). Sta-

tistical significance was assessed at a p value of \0.05

(two-sided). All analyses were performed using Stata ver-

sion 12 statistical software, Stata Corp LP, College Station,

TX.

Results

Between January 1, 2014, and December 31, 2015, 469

patients were evaluated for HCV treatment at the liver

specialty clinic of the San Francisco safety-net healthcare

system, and 204 patients were initiated on a SOF-based

HCV antiviral treatment regimen. Of the remaining 262

patients evaluated during the study period in the clinic, 3

were treated with ombitasvir/paritaprevir/ritonavir/dasabu-

vir ± ribavirin (all had SVR 12), 101 were initiated on HCV

therapy after the study period, 65 were either awaiting newer

HCV treatment regimens or in whom treatment was deferred

due to medical or psychiatric reasons (e.g., end-stage cancer,

uncontrolled psychiatric disease) or adherence concerns, 43

were lost to follow-up, 35 did not receive medication

approval from either insurance or drug compassionate use

programs, 11 deferred therapy, and 8 relocated to another

city. The characteristics of patients who did or did not

receive HCV therapy during the study period were similar

with respect to mean age (56 vs. 55 years, p = 0.8), sex (61

vs. 69 %, p = 0.08), race (non-White 58 vs. 66 %,

p = 0.08), English language proficiency (79 vs. 83 %,

p = 0.2), and HCV genotype (genotype 1, 72 vs. 68 %,

p = 0.4).

Table 1 provides information on baseline demographic,

clinical, and laboratory parameters of the treatment cohort.

The majority of patients were male, with a median age of

58 years and more than 50 % were non-Caucasian. Half of

the patients identified intravenous drug use (IVDU) as the

most likely mode of HCV transmission, and nearly 40 %

had psychiatric comorbidity. With respect to HCV disease

parameters, 72 % were infected with genotype 1, median

log10 HCV viral load was 6.1 IU/ml, median alanine

aminotransferase (ALT) was 63 U/l, and more than one-

third of patients had cirrhosis with 40 % of cirrhotic

patients having decompensated liver disease. Of the 68

patients who underwent liver biopsy, the majority had stage

2 or greater fibrosis (72 %), grade 2 or greater inflamma-

tion (66 %), and steatosis was present in 51 %. Eighteen

percent of patients were treatment-experienced (PEG/RBV

with or without protease inhibitor), and all but one patient

received full duration of therapy (12 or 24 weeks). This

patient discontinued therapy at 10 weeks.

Of the 204 treated patients, 189 had blood tests at SVR

12 time point. Of these 97 % (183/189) achieved SVR 12

and 6 (3 %) relapsed following treatment. Of the 15

patients who did not return for SVR 12 evaluation, seven

had undetectable HCV viral load at 4 weeks following

completion of therapy, an additional three had achieved

ETR, and five were lost to follow-up. By genotype, SVR 12

rates were 99 % for genotype 1, 100 % for genotype 2,

84 % for genotype 3, and 92 % for other genotypes (4 and

6). Figure 1 shows SVR 12 results based on cirrhosis and

history of prior HCV treatment status. Virologic testing

during therapy showed that 26 % (50/193) of patients

achieved rapid virologic response (RVR) defined as

undetectable HCV viral load at 4 weeks following initia-

tion of therapy, while 92 % had ETR. Among 71 patients

with detectable HCV viral load at week 8, 24 patients who

were initially prescribed 12 weeks of therapy extended

therapy to 24-week duration (two patients received
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14 weeks of therapy and two received 16 weeks of ther-

apy), but there was no difference in rates of SVR 12 among

those who did or did not have extension of therapy based

on virologic response at this treatment time point

(p = 0.3). Further analysis showed that five of six with

virologic relapse had decompensated cirrhosis and three

were also treatment-experienced. Additionally, four had

reported non-adherence to therapy. With respect to geno-

type and treatment regimen, two of the relapsers had

genotype 1 and both were treated with SIM/SOF for

12–24 weeks, three had genotype 3, two treated with SOF/

RBV and one treated with DCV/SOF (all for 24 weeks),

and one had genotype 6 and was treated with SOF/LDV for

12 weeks.

Table 2 shows symptoms reported by patients during

therapy. Fatigue and headache were the most common

symptoms with all regimens. Pruritus was also commonly

reported with SIM-containing regimens. Fifteen patients

required dose adjustment of RBV during therapy due to

anemia. No patient discontinued therapy due to side

effects.

Discussion

This is the first study to date to report real-world outcomes

of DAA-based therapy in a population accessing care in a

liver specialty setting in the traditionally safety-net

healthcare system. We demonstrate a very successful SOF-

based treatment response with 97 % achieving SVR 12

irrespective of severity of liver disease and prior HCV

treatment experience. These results highlight that this

population, historically deemed difficult to treat, can be

treated safely and effectively given an infrastructure that

provides patient education and integrated care delivery. In

fact, the minority (3 %) that experienced virologic relapse

following therapy either were non-adherent to therapy, had

Table 1 Baseline patient demographic and clinical characteristics

Variable Treated patients

(N = 204)

Age (years), median (range) 58 (22–81)

Male sex (%) 60

Race/ethnicity

White (%) 42

Black (%) 21

Hispanic (%) 19

Asian (%) 16

Other (%) 2

Non-English speaker (%) 19

Insurance

Public (%) 74

Private (%) 21

Uninsured (%) 5

Patients with PCP within SFGH (%) 21

Prior intravenous drug use (%) 52

Psychiatric comorbidity (%) 39

BMI, median (range) 27 (18–62)

HBV coinfected (%) 2

HIV coinfected (%) 1

Diabetes (%) 19

Chronic kidney disease (GFR B 60) (%) 7

Cirrhosis (%)a 36

Decompensated cirrhosis (%) 14

Hepatocellular carcinoma (%) 5

Platelet (k/ll), median (range) 186 (34–424)

AST (U/l), median (range) 55 (19–266)

ALT (U/l), median (range) 63 (9–450)

APRI, median (range) 0.61 (0.15–9.9)

HCV genotype

1 (%) 72

2 (%) 13

3 (%) 10

4 (%) 2

6 (%) 4

HCV viral load (log10) median (range),

IU/ml

6.1 (2.6–7.2)

Liver histologyb

Fibrosis C2–4 (%) 72

Inflammation C2–4 (%) 66

Steatosis present (%) 51

Treatment-experienced (%) 18

Treatment regimen

SOF ? PEG ? RBV (%) 8

SIM ? SOF ± RBV (%) 19

SOF ? RBV (%) 19

SOF ? LDV ± RBV (%) 48

SOF ? DCV ± RBV (%) 5

Treatment duration (weeks)

Table 1 continued

Variable Treated patients

(N = 204)

\/=12 (%) 59

13–23 (%) 4

24 (%) 37

a Cirrhosis was defined by clinical, imaging, or histology parameters
b Sixty-eight patients had liver histology available

PCP primary care provider, SFGH San Francisco General Hospital,

BMI body mass index, HBV hepatitis B virus, HIV human immun-

odeficiency virus, GFR glomerular filtration rate, AST aspartate

transaminase, ALT alanine transaminase, APRI AST/platelet ratio

index, HCV hepatitis C virus, SOF sofosbuvir, PEG pegylated

interferon, RBV ribavirin, SIM simeprevir, LDV ledipasvir, DCV

daclatasvir
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decompensated liver disease, or were treatment-experi-

enced. These results also confirm that on-treatment viro-

logic assessment is not necessary, as it does not appear to

be predictive of virologic relapse, as shown in other studies

[19, 20].

Clinical trials have demonstrated significant improve-

ment in SVR with SOF-based regimens [21, 22]; however,

the controlled nature of a clinical trial limits application to

real-world populations. Recently reported real-world data

show variable SVR rates from those seen in clinical trials;

while some show lower rates of response, others do not. In

a study by Backus et al. among 4026 US veterans, the SVR

rates were reported at 67 % in genotype 1 patients treated

with SOF/PEG/RBV, 75.5 % in those treated with SIM/

SOF, and 74.1 % in those treated with SIM/SOF/RBV.

Among those with genotype 2, SVR was achieved in 79 %

treated with SOF/RBV. However, over 90 % of the patients

in this study were male, a large proportion had advanced

liver disease by FIB-4, and the regimens did not include

SOF/LDV that may make these findings less generalizable

[23]. In contrast, another study from the VA population of

over four thousand patients with genotypes 1–4 that

included SOF/LDV regimens along with the other regi-

mens reported by Backus et al., showed higher response

rates of over 90 % among those treatment-naı̈ve or treat-

ment-experienced patients who had received SOF/LDV

[24].

Studies of more diverse populations have also shown

variable results. In a smaller study of 113 patients, SVR

rates of 75 % were achieved in those with genotypes 1, 4,

5, and 6 treated with SOF/PEG/RBV, but the rates were

higher among those with genotypes 2 (93 %) and 3 (81 %)

[25]. The majority of patients in this study had genotypes 2

and 3 (67 %), 11 % of genotypes other than 2 and 3, and

Fig. 1 Sustained virologic response at week 12 (n = 189), stratified by the presence of cirrhosis and prior HCV treatment experience. SVR

12 = sustained virologic response at 12 weeks following the end of therapy; Tx = treatment

Table 2 Adverse symptoms reported during HCV treatment with various regimens

Symptom SOF/PEG/RBV (%)

(N = 17)

SOF/RBV (%)

(N = 39)

SOF/SIM ± RBV (%)

(N = 39)

SOF/LDV ± RBV (%)

(N = 99)

SOF/DCV ± RBV (%)

(N = 19)

Fatigue 29.4 48 18 31 16

Headache 0 15 13 33 26

Diarrhea 17.7 0 0 0 5

Pruritus 0 3 15 2 0

Insomnia 5.9 8 0 3 0

Nausea 11.8 5 5 9 11

SOF sofosbuvir, PEG pegylated interferon, RBV ribavirin, SIM simeprevir, LDV ledipasvir, DCV daclatasvir
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36 % of patients with genotypes 2 and 3 missed doses

during therapy, which may have influenced response rates.

Recently, results from a real-world longitudinal, multi-

center, prospective observational cohort study evaluating

SOF/LDV treatment through the HCV-TARGET Registry

were published [19]. Of the 2099 patients with genotype 1

who were treated with SOF/LDV ± RBV for 8-, 12-, or

24-week duration, 95–97 % of patients achieved SVR 12

[19]. Factors predictive of higher SVR included higher

albumin, lower total bilirubin, absence of cirrhosis, and

absence of proton pump inhibitors use. Similarly, our study

shows high rates of SVR in the safety-net population, and

half of the patients who had a virologic relapse had

decompensated cirrhosis, consistent with lower response

rates reported in this population.

Though consistent with results reported in larger and

diverse populations, our study is limited by a relatively

small sample size, and receipt of therapy within the liver

specialty clinic setting, which may not be generalizable to

the non-specialty setting. Moreover, as emphasized and

recommended by the American Association for the Study

of Liver Disease/Infectious Diseases Society of America

[26] practice guidelines, the relative likelihood of adher-

ence to HCV therapy was evaluated by the treating pro-

vider prior to initiation of therapy. Thus, these results

represent a relatively adherent population, though still at

risk for health disparities associated with low income, low

health literacy, and medical and psychosocial comorbidi-

ties that are common in vulnerable populations. Never-

theless, assessment of adherence prior to initiation of HCV

therapy is a standard practice in light of potential for the

development of virologic resistance with DAA therapies.

In conclusion, despite the known presence of comor-

bidities and psychosocial challenges faced by this popula-

tion, current DAA-based therapies are highly efficacious

and well tolerated in vulnerable populations. In light of the

disproportionately high rates of HCV in vulnerable popu-

lations and the fact that these patients are particularly at

high risk of experiencing health disparity, access to HCV

therapy with these regimens is especially critical in this

population.
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