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It has been six years since our first hepatitis C virus  
infection (HCV)-themed edition of the Rhode Island Med-
ical Journal (RIMJ) and 31 years since the discovery of this 
small, single-stranded, enveloped RNA virus.1 An evolving  
understanding of this pathogen and the shifting HCV  
epidemic lead to continual changes in the standard of care. 
The past months mark the convergence of many steps taken 
to address the global and national problem of HCV. 

In April 2020, the U.S. Centers for Disease Control and 
Prevention (CDC) released revised HCV testing recommen-
dations, advising universal HCV screening for all adults – 
not just persons born from 1945 to 1969 and those with risk 
factors.2 The CDC also recommended HCV screening for 
all women who are pregnant during each pregnancy. CDC 
continues to instruct that people with risk factors be tested 
regularly. This followed the March 2020 U.S. Preventive Ser-
vices Task Force (USPSTF) updated recommendations advis-
ing that clinicians screen all adults aged 18 to 79 for HCV at 
least once, regardless of their risk level for contracting the 
disease.3 The USPSTF also counseled that those outside this 
age range at high risk of infection be screened. 

These recommendations are consistent with November 
2019 modified U.S. society guidelines from the American 
Association for the Study of Liver Diseases (AASLD) and the 
Infectious Disease Society of America (IDSA) endorsing one-
time, routine, opt-out HCV screening for all individuals 18 
years and older.4 They also advocate periodic testing for per-
sons with an increased risk of HCV exposure, annual HCV 
testing for people who inject drugs (PWID) and HIV-infected 
men who have unprotected sex with men, and one-time test-
ing for all persons younger than 18 years at increased risk of 
HCV. These updated guidelines stipulate that all patients 
with chronic HCV be treated, except those with short life 
expectancies that cannot be remediated, with no restrictive 
prioritization of HCV medications. 

Rapidly advancing therapeutic options and complex 
treatment algorithms hinder treatment scale-up at the pop-
ulation level; AASLD/IDSA also issued simplified treat-
ment approaches for HCV treatment-naïve patients with 
and without cirrhosis in November 2019.4 Ninety-nine 
percent of HCV infections are now curable with pan- 
genotypic direct-acting antiviral (DAA) agents with all-oral 
medication regimens for 8–12 weeks (longer for advanced 
liver disease and complex patients). Benefits of cure include 

reduced transmission, decreased liver-related morbidity and  
mortality as well as all-cause mortality, diminished need  
for liver transplantation and improved quality of life. 

Additionally, in April 2020, the CDC reported that U.S. 
HCV incidence tripled from 2009 to 2018, due to the opioid 
crisis.5 While Baby Boomers remain the highest prevalence 
population in the U.S., increases in acute HCV infections 
are attributable to rising rates of injection drug use among 
younger persons. Compelling evidence demonstrates that 
DAAs are effective for PWID, and that high levels of HCV 
treatment and cure for PWID can reduce HCV incidence 
and prevalence.6-11 Consequently, national and international 
guidelines support prioritization and HCV treatment expan-
sion for this population.4,12 In the absence of a vaccine, and 
no effective pre- or post-exposure prophylaxis, it is DAA 
treatment, opioid agonist therapy plus high-level needle 
syringe provision that are the necessary trifecta to facilitate 
prevention and the path to cure.

The World Health Organization (WHO) Global Health 
Sector Strategy provides a roadmap to HCV elimination.13 
In line with WHO goals, there should be a 30% reduction 
in new infections and a 10% reduction in hepatitis-related 
deaths by the end of this year. The U.S., along with 80% of 
high-income countries, is not on track to meet these tar-
gets.14 Of 45 high-income countries, only nine (Australia, 
France, Iceland, Italy, Japan, South Korea, Spain, Switzer-
land and the United Kingdom) are on course towards meet-
ing WHO’s 2030 targets of 90% reduction in new infections 
and a 65% reduction in mortality. Thirty nations including 
the U.S are off-track by at least 20 years, as they are not pro-
jected to achieve HCV elimination before 2050. Our national 
plan, the U.S. National Academies of Sciences, Engineer-
ing, and Medicine report, presents strategies and priorities 
to eliminate HCV as a serious public health threat.15 Lack 
of funding impedes full implementation of these plans. For 
example, for fiscal year 2019, the enacted budget shows that 
the CDC’s Division of Viral Hepatitis received 39 million 
dollars, representing 0.5% of CDC’s total program budget.16 
Viral hepatitis accounts for less than one percent of the 
National Institutes of Health research budget.17 

Rhode Island data
What is the data from Rhode Island (RI)? Chronic HCV 
prevalence exceeds national averages.18 Per a March 2020 
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modeling study (we lack robust national surveillance data), 
RI, with a prevalence estimate of 1.78% for men, ties with 
Arizona for the eighth highest prevalence among men 
behind the District of Columbia, Louisiana, New Mexico, 
Oklahoma, Oregon, Tennessee and West Virginia. RI has the 
ninth highest prevalence estimate among females, behind 
the District of Columbia, Kentucky, Louisiana, New Mex-
ico, Oklahoma, Oregon, Tennessee and West Virginia with 
a prevalence estimate of 0.67%. Among the U.S. states and 
District of Columbia, RI has the 10th highest HCV preva-
lence estimate among the birth cohort, those born between 
1945 and 1969.

Manuscripts from the current edition of the Journal exhibit 
the wide-ranging expertise needed to make a difference in 
providing life-saving preventive measures and care. These 
articles highlight the expertise of a diverse group across RI 
as they address barriers and facilitators of HCV elimination.

Public health leadership and initiatives provide the 
foundation for combating RI’s HCV epidemic. MATTHEW  

MURPHY, MD, et al describe the Rhode Island Department 
of Health’s HCV elimination efforts. 

The advent of DAAs ended the interferon era, and ushered 
in the use of non-invasive approaches for assessing hepatic 
fibrosis. ADIB R. KARAM, MD, and MICHAEL D. BELAND, 

MD, explain the varied techniques of liver ultrasound elas-
tography, elucidating benefits and limitations. 

The HCV cascade to cure has not reached PWID in suf-
ficient numbers. Delivering all elements of care at a single 
site, and streamlining care to reduce time from infection to 
cure, may be accomplished with co-location of HCV and 
addiction care. SOUMITRI BARUA, MD’21, along with her 
co-authors, illuminates these lessons and reminds us of an 
aggressive HCV-associated malignancy, intra-hepatic chol-
angiocarcinoma. As HCV is typically asymptomatic, older 
adults may be unknowingly living with HCV for decades; 
the largest burden of HCV-related complications falls on 
those age 60 and older. Highlighting the important role of 
pharmacists in HCV treatment, ALYSSA K. GREENWOOD 

FRANCIS, MPH, and colleagues evaluate DAA efficacy in 
older versus younger patients. 

The U.S. spends more on healthcare than any other coun-
try.19 Interventions to reduce waste in U.S. healthcare spend-
ing include cutting inflation in pricing of medications and 
easing administrative complexity.19 PATRICK DURYEA et 
al discuss RI’s DAA Prior Authorization process, providing 
opportunity to consider steps to alleviate administrative 
burdens and inefficiencies. 

Due to the COVID-19 pandemic, RI Defeats Hep C can-
not hold C is for Cure Waterfire this summer in honor of 
July 28’s World Hepatitis Day (it would have been our 7th 
annual event, one of the world’s largest HCV festivals). We 
hope this issue of the Journal keeps HCV on your mind as 
its contributors address key domains of prevention, stigma, 
screening and diagnostic testing, evaluation of liver disease, 

treatment, medical complications, healthcare disparities 
and public health policy. Best of health to all and thank you 
to RI’s extraordinary medical community. 
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ABSTRACT 
Hepatitis C Virus (HCV) continues to be a cause of signif-
icant morbidity and mortality around the world surpass-
ing HIV, Tuberculosis and Malaria as the leading cause of 
death by an infectious disease. In the United States, ad-
vances in screening, testing and treatment have put the 
goal set by the World Health Organization (WHO) to HCV 
elimination within reach. Rhode Island has taken an in-
novative public health approach to eliminating HCV by 
improving disease surveillance activities, supporting dis-
ease reduction strategies and removing barriers across the 
continuum of care, particularly for populations that are 
disproportionately impacted by the disease. Through the 
coordination of the Rhode Island Hepatitis C Action Co-
alition, the Rhode Island Department of Health (RIDOH), 
the Executive Office of Health and Human Services (EO-
HHS), community organizations, and clinical leaders, 
important steps have been taken to reduce transmission 
of the disease and work toward HCV elimination. 

KEYWORDS:  hepatitis C virus, elimination, Rhode Island  

INTRODUCTION

Globally, viral hepatitis has now become the most common 
cause of mortality from an infectious source surpassing HIV, 
Malaria and Tuberculosis for cause of death.1 In the United 
States (US), hepatitis C virus (HCV) is the most common 
blood-borne infection and is an important cause of liver 
related morbidity and mortality.2 It is estimated that at least 
2.4 million individuals in the US are currently living with 
HCV and there are approximately 17,000 new cases each 
year, although given concerns of underreporting, the inci-
dence and prevalence of the disease is likely quite higher.3,4  
HCV is estimated to cost in excess of $10 billion annually in 
the US alone and is a significant contributor to the increase 
in morbidity and mortality related to hepatocellular carci-
noma, cirrhosis and liver failure.5,6  

First described in 1989, HCV is a virus that affects the 
liver and is predominantly transmitted through exposure to 
infected blood or bodily fluids that contain blood. It has been 
classified into eight genotypes with a highly varied global 
distribution and 1a being the most common in the US.7 
Acute infection is often mild or asymptomatic and leads to 

chronic infection in approximately 75% of exposed individ-
uals.8 Morbidity and mortality associated with HCV most 
frequently results from the complications of chronic infec-
tion including cirrhosis, liver failure and hepatocellular car-
cinoma.9,10 The HCV epidemic in the US disproportionately 
impacts certain groups including those born between 1945 
and 1965, known as the Baby Boomer generation, individuals 
who received blood transfusions or organ transplants prior 
to 1992, people who inject drugs (PWID), men who have sex 
with men (MSM) and in particular those who are infected 
with HIV.3 Baby Boomers have a particularly high burden 
of disease which is thought to be related to the lack of stan-
dardized sterilization techniques and injection practices.11 
However, there has been an increasing disease burden among 
younger individuals due in large part to the growing opioid 
epidemic in the US.12,13 Persons who have ever injected drugs 
are at increased risk for HCV given the possibility of trans-
mission through syringes and injection equipment contami-
nated with HCV and injection drug use is the most common 
risk factor for HCV acquisition in the US.14 It is estimated 
that between 69 to 77% of persons who inject drugs have 
been exposed to HCV amounting to approximately 1.5 mil-
lion individuals in the US.15 However, despite the growing 
burden of the disease, it is estimated that at least half of 
all persons with HCV are not aware of their infection.16 

Although HCV remains a significant threat to public 
health, there have been incredibly promising strides in the 
treatment and cure of the disease. The development of a 
number of safe, well tolerated and highly effective treatment 
regimens of Direct-Acting Antiviral (DAAs) agents, several 
of which are pangenotypic and require relatively brief dos-
ing regimens of as little as 8 weeks, makes elimination of 
the disease attainable.17 The WHO has established a goal of 
eliminating HCV as a public health threat by 2030 aiming to 
reduce HCV incidence by 90% and HCV related mortality 
by 65% within the next 10 years.18 This has catalyzed a sig-
nificant public health response including the development 
of a National Viral Hepatitis Plan19 in the US as well as state-
based elimination plans.20 Action plans to attain the goal of 
elimination have largely focused on risk reduction for the 
group with the greatest burden of new infections, namely 
PWID, as well as reducing barriers along the continuum 
of HCV care from prevention to testing through sustained  
virologic response (SVR, equivalent to cure).
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RESPONDING TO THE HCV EPIDEMIC  
IN RHODE ISLAND 

Similar to elsewhere in the US and globally, Rhode Island 
has been increasingly impacted by the HCV virus and its 
complications. Over the past 10 years, mortality related to 
the HCV has increased by 272% and far outpaces the mor-
tality related to HIV in the state.21 However, measuring the 
true incidence and prevalence of the disease has met with 
similar challenges faced by other parts of the world. Prior 
estimates suggest that approximately 2% of Rhode Island-
ers have been exposed to HCV (16,603 to 22,660 individuals) 
with approximately 1.5% having developed chronic infec-
tion (12,286 to 16,768 individuals).22 Importantly, the state 
has also continued to be disproportionately impacted by the 
national opioid epidemic with higher rates of substances 
use and overdose deaths compared to the national popula-
tion, potentially worsening the HCV epidemic as well.23 As 
a result, the RIDOH has developed a response with the goal 
of reducing the risk of transmission among those at high-
est risk for acquiring the disease as well as expanded testing 
and treatment services, taking advantage of expanded HCV 
screening guidelines, facilitating point-of-care HCV test-
ing and supporting community services for risk reduction 
approaches.24,25 

RHODE ISLAND HEPATITIS C ACTION COALITION  
The Rhode Island Hepatitis C Action Coalition (RIHAC) 
was formed in 2014 by Rhode Island Public Health Institute 
(RIPHI). RIHAC is currently led as a partnership between 
RIDOH and the Executive Office of Health and Human Ser-
vices (EOHHS). The primary goal of this partnership is to 
reduce the HCV burden in the state by improving access to 
HCV risk reduction programming, disease testing and link-
age to effective treatment programs that are designed for 
population groups most at risk for infection. The coalition 
is comprised of many stakeholders including medical pro-
viders, patient advocates, public health officials, commu-
nity-based organizations and clinical researchers. RIHAC 
is responsible for coordinating the statewide public health 
response to addressing the HCV epidemic in Rhode Island 
including formulation of a statewide elimination plan. 
RIHAC has also worked on policy issues related to HCV, 
including reducing restrictions on HCV medications to 
improve access. 

DECREASING HCV INCIDENCE THROUGH 
RISK-REDUCTION INTERVENTIONS

A key element to the state response has been to coordinate 
prevention programming with community organizations 
and public health programs already working with vulner-
able populations, particularly among PWID. Risk-reduc-
tion activities have focused on encouraging safe injection 

practices to reduce the transmission of HCV, HIV and other 
life-threatening complications associated with injection 
drug use. Efforts in Rhode Island have been led by AIDS Care 
Ocean State (ACOS), which was the first community-based 
organization to provide harm reduction and integrated HIV/
Viral Hepatitis services in the state. ACOS is the major 
source of clean syringes and statewide harm reduction ser-
vices organized through the ENCORE Program (Education, 
Needle Exchange, Counseling, Outreach, and REferrals). The 
ENCORE program was established in Providence since 1995, 
and currently operates two fixed sites as well as mobile units 
in five cities including: Providence, Woonsocket, Newport, 
Pawtucket and Central Falls. The main hub for ENCORE is 
located at 557 Broad Street in the Southside of Providence, 
RI. In 2018, ACOS had 1,350 total client encounters, serving 
approximately 600 unique clients; collected approximately 
48,000 used syringes for safe disposal; and distributed 75,000 
clean syringes and 40,000 harm reduction kits. In the same 
year ACOS distributed 222 kits of Naloxone/Narcan and 
received reports back on 55 of those kits (25% Utilization 
Rate) saving 55 individuals. 

ACOS has also partnered with another key communi-
ty-based organization, Project Weber/RENEW (PWR), in its 
risk-reduction programming, including overdose prevention 
and needle exchanges. PWR provides safe spaces, innova-
tive services, referrals, and advocacy for high-risk people, 
including individuals who engage in transactional sex. PWR 
employs a peer-driven model to develop and implement 
direct services and community advocacy for clients through 
street outreach, compassionate peer-to-peer counseling and 
critically important data collection. Project Weber/RENEW 
has grown in the past three years to operate three drop-in cen-
ters (two co-located in Providence, and one in Pawtucket). 
The organization employs 13 staff, 5 part-time and 8 full-
time, who represent a range of identities, ethnicities, races, 
and ages. The great majority of employees are themselves 
in recovery from substance use disorder (SUD). The goal is 
for every client to walk through the doors and see some-
one who shares their identity and life experiences. PWR’s 
primary goal is to provide compassionate and non-judg-
mental health and social support services to at-risk men 
and women in Providence. Through street and venue-based 
outreach, PWR provides comprehensive HIV and drug-asso-
ciated harm reduction counseling, and critical life-saving 
harm reduction tools. PWR facilitates weekly social sup-
port groups for high-risk people, which promote self-com-
petencies and supportive social relationships between peers 
and build HIV knowledge and harm reduction skills. Staff 
also assist with supported referrals to health care, mental 
health and addiction support services, legal aid, and shel-
ter. Project Weber/RENEW’s commitment to the health 
and well-being of at-risk men and women in Rhode Island, 
including overdose, HIV, STI and viral hepatitis prevention, 
extends beyond its counseling, testing and referral services. 

PREVENTING, TESTING, MANAGING, AND TREATING HEPATITIS C

23J U N E  2 0 2 0   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  J U N E  I S S U E  W E B P A G E  |  R I M S

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2020-06.asp
https://www.rimedicalsociety.org


The organization plans and holds trainings, workshops, and 
community events that increase knowledge and awareness 
of the obstacles faced by the population. 

IMPROVING ACCESS TO HCV TESTING 
THROUGH COMMUNITY-BASED PROGRAMMING 
RIDOH has helped to coordinate the essential work of 
improving testing and reducing the number of people in 
Rhode Island who are infected with HCV but are unaware of 
their diagnosis. Innovative approaches through partnerships 
with community-based organizations that already work 
with individuals at greater risk of HCV infection have been 
well received and garnered significant support. Support from 
RIDOH has allowed for the provision of point-of-care HCV 
testing at multiple venues including mobile vans, street-
level outreach as well as already existing clinics such as 
methadone clinics. Increased HCV testing is also being sup-
ported through peer-provided services and integration into 
needle exchange programs, SUD management and commu-
nity health services. ACOS’s ENCORE program for exam-
ple, in addition to providing a needle exchange program and 
harm reduction kits, also includes both standing and mobile 
HCV testing sites and a street outreach program with 11 staff 
(9 staff with Qualified Professional Test Counselor (QPTC) 
certifications, four are agency consumers (peers). In 2018, 
ACOS conducted 890 Rapid HCV tests with a 5.2% posi-
tivity rate which is significantly higher than national aver-
age. With recent funding from RIDOH, ACOS is providing 
a Social Network Strategy (SNS) to recruit high-risk clients 
who do not know their status to HIV testing.  This strategy 
is being expanded to include messages about clean syringes 
and other harm reduction tools as well as using recruiter to 
promote the harm reduction program to network associates 
(ENCORE SNS). 

Expanded testing and linkage to HCV care services has 
also been offered through Project Weber/RENEW (PWR), 
complementing their risk reduction programming for at-risk 
men and women in Rhode Island. Each year, PWR provides 
over 400 HIV and HCV tests, over 1500 Narcan kits, over 
125 support groups, over 15,000 condoms, over $50,000 
in basic needs assistance, among dozens of other services. 
Additionally, the organization has partnered with The Mir-
iam Hospital on “Project Break,” a program focused on MSM 
who are struggling with SUD and with Sojourner House on 
the state’s first (and only) human trafficking shelter to link 
individuals who are at risk or test positive for HCV and HIV 
to medical treatment and other prevention services. 

IMPROVING HCV CARE CONTINUUM OUTCOMES
Accompanying the efforts to expand access to testing in 
Rhode Island are robust linkage to care programs to ensure 
individuals that test positive for HCV are quickly and 

effectively linked to the highly effective treatments. The 
statewide RIDOH initiative to address the HCV epidemic 
has led to significant health systems changes allowing for 
the integration of SUD management and HCV care, par-
ticularly for individuals with SUD that have historically 
encountered significant barriers to accessing health care and 
HCV treatment. Key elements of this initiative have been 
piloted at CODAC, the state’s largest non-profit provider 
of methadone care. There, all individuals who are receiving 
SUD care are screened for HCV and those who are infected 
are immediately linked to onsite HCV treatment services 
with the goal of promptly initiating appropriate curative 
therapy. This integrated approach starting at the very begin-
ning of the HCV care continuum has shown to be a prom-
ising model for successful HCV micro-elimination among 
individuals with a significant SUD history that frequently 
face a number of barriers to accessing care.26,27 

RIDOH has also been successful in partnering with the 
state’s Department of Corrections (RIDOC), which is also 
responsible for the clinical care of a population dispro-
portionately impacted by HCV. Incarceration provides an 
opportunity for testing and linkage to care but also presents 
unique challenges to continuity of care, as it may involve a 
change in health insurance status and risks the interruption 
of the treatment of disease in the transition from commu-
nity to incarceration and vice versa. As a result, in addition 
to supporting increased access to prevention interventions 
and HCV testing, RIDOH in coordination with RIDOC 
has helped to increase access to HCV treatment within the 
RIDOC facilities as well as supporting discharge planning 
for individuals who would benefit from linkage to treatment 
services in the community. 

The Miriam Hospital Immunology Center has also been a 
key community partner for expanding access to HCV treat-
ment programming. The Center is the state’s only publicly 
funded sexually transmitted infection (STI) clinic which has 
significantly increased testing for HCV as part of its standard 
STI screening procedures. The Center also includes a robust 
clinical care program for people living with HIV and has sig-
nificant experience and dedicated programming for people 
living with HIV who are also co-infected with HCV which 
started in 2003. In 2019, the Center performed 472 HCV 
serologic antibody tests, with a positivity rate of 5.51%. All 
reactive antibody tests were followed up with an HCV RNA 
test, of which 69% had a detectable viral load.

FUTURE DIRECTION

Prior research estimated that in order for Rhode Island to 
attain a goal of HCV elimination in line with the goals 
laid out by the WHO, there would need to be a significant 
increase in the number of individuals treated for the disease, 
up to 2,000 annually.28 This will require continued commit-
ment from multiple stake holders along with buy in from 
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the highest levels of government and public health admin-
istration in the state. While the innovative programming 
developed and implemented in Rhode Island has helped to 
expand access to HCV prevention, screening and treatment 
services, progress still needs to be made if the state is to 
meet the goal of elimination by 2030. This should include 
ongoing efforts to reduce barriers along the HCV care con-
tinuum including increased testing among all providers in 
the state as part of standard primary care, particularly in 
light of the recent changes in the USPSTF recommenda-
tions, as well as removing barriers to accessing treatment 
that include a burdensome and complex prior authorization 
process to access DAA treatment. Rhode Island has already 
made great strides in developing a recipe for success to elim-
inate HCV but efforts will need to be redoubled to ensure 
continued progress over the next 10 years. 
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Liver Ultrasound Elastography:  
Review of Techniques and Clinical Applications
ADIB R. KARAM, MD; MICHAEL D. BELAND, MD

ABSTRACT 
Chronic liver disease remains a substantial worldwide 
problem. Accurate estimation of liver fibrosis is crucial 
for determining the stage of the disease, assessing the 
patient’s prognosis and predicting treatment response.  
Staging hepatic fibrosis has traditionally been done with 
liver biopsy but clinical practice has been changing, part-
ly because liver biopsy has several disadvantages: it is 
invasive; it is associated with rare but serious compli-
cations; and it is prone to sampling error representing 
a tiny portion of the total liver volume. An increasing 
number of non-invasive liver fibrosis assessment have 
been developed. These include elastographic methods 
involving ultrasound (US) and magnetic resonance (MR) 
imaging. In this review article we discuss the different 
ultrasound-based elastography techniques, their clinical 
applications and various confounding factors in the as-
sessment of hepatic fibrosis that may affect the accuracy 
of the measurements. 

KEYWORDS:  ultrasound, fibrosis, elastography, shear 
wave, liver, hepatitis  

INTRODUCTION

Chronic liver disease remains a substantial worldwide prob-
lem. Although the underlying etiologies differ, with viral 
hepatitis, non-alcoholic fatty liver disease (NA-FLD) and 
alcohol remain common causes, the end result is similar 
– increasing deposition of fibrous tissue within the liver, 
leading to progressive fibrosis and development of hepatic 
cirrhosis and subsequently to portal hypertension, hepatic 
insufficiency and carcinogenesis.1,2

Hepatic fibrosis is a dynamic process leading to a progres-
sion of disease stages from no fibrosis to cirrhosis. Accurate 
estimation of liver fibrosis is crucial for determining the stage 
of the disease, assessing the patient’s prognosis and predict-
ing treatment response.3 Although percutaneous liver biopsy 
is considered the reference standard for the assessment of 
hepatic fibrosis, it has several inherent limitations, and its 
use has been declining over recent years.2 Liver biopsy is an 
invasive procedure having potential complications including 
pain and bleeding which can be severe in 1% of the cases,4,5 

and a procedural mortality rate of approximately 0.01%,6,7 
which reduce patient’s acceptance and limit its suitability 
for repeated measurements and disease monitoring. Also, 
liver biopsy is prone to sampling error representing approxi-
mately 1/50,000th of the total liver volume.8,9 An increasing 
number of non-invasive liver fibrosis assessment have been 
developed. These include elastographic methods involving 
ultrasound (US) and magnetic resonance (MR) imaging. 

The aim of this review is to discuss the different ultra-
sound-based elastography techniques, their clinical appli-
cations and various confounding factors in the assessment 
of hepatic fibrosis that may affect the accuracy of the 
measurements. 

ULTRASOUND-BASED ELASTOGRAPHY
There are three main ultrasound-based elastography meth-
ods to evaluate tissue stiffness: transient elastography (TE); 
point shear wave elastography (pSWE) and two-dimensional 
shear wave elastography (2D SWE). In each of these tech-
niques, the patient is placed in the supine position with the 
right side slightly elevated (approximately 30 degrees) and 
the right arm raised above the head to increase the intercostal  
acoustic window. 

TE technique
The FibroScan® system (Echosens, Paris, France) was the first 
commercially available TE system, introduced in Europe in 
2003 and was approved by the Food and Drug Administration 
in the United States of America in 2013. TE is an inexpen-
sive system used as a “point of care” tool. Although it is an 
US-based technique, it does not provide direct imaging guid-
ance – the probe is typically positioned based on anatomic 
landmarks at the level of the dullest point over the liver, 
typically in the 9th–11th intercostal along the right axil-
lary line. Different frequency probes are available to allow 
the evaluation of different size patients including children. 
TE uses a mechanical piston to generate a resulting shear 
wave that propagates into the underlying liver. The ultra-
sound probe provides an image showing the propagation of 
the shear wave over time (shear wave speed) in the region 
of interest (ROI) called the elastogram box, placed approx-
imately 6 cm deep (Figure 1). The shear wave speed is con-
verted to elasticity utilizing Young’s modulus and displayed 
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in Kilopascals (KPa). The software determines whether the 
obtained measurement is valid or not; the machine will not 
report a value if inadequate. The procedure is considered to 
have failed when no value could be obtained following at 
least 10 attempts. The examination is deemed valid when: 
(1) at least 10 valid measurements are obtained; (2) The ratio 
of valid measurements/ the total number of shots is > 0.6; (3) 
the interquartile ratio (IQR)/ median value < 0.3 – the IQR is 
the difference between the 75th and 25th percentiles, essen-
tially the middle 50% of the data. 

Since TE has been available since 2003, there have been 
many studies supporting its use. Thresholds for the differ-
entiation of the degree of fibrosis all the way to cirrhosis 
have been provided with TE based on many original works 
using histology as the reference standard.10 Limitations of 
this technique are: (1) the lack of grayscale images to guide 
the placement of the elastogram box and to provide diag-
nostic images of the liver parenchyma i.e. potential liver 
lesion(s), biliary tree and hepatic vasculature; (2) the probe 
needs recalibration every 6–12 months for reliable measure-
ments; (3) inability to use it in patients with ascites and large  
body habitus. 

pSWE technique
At present, most ultrasound manufacturers have developed 
their own liver stiffness quantification technologies. They 
all share the capacity to assess tissue deformation and to 
measure the speed of shear waves travelling perpendicular to 
the axis of an applied force consisting of ultrasound energy 
known as acoustic radiation force impulse (ARFI). These 
technologies are collectively known as shear-wave elastog-
raphy (SWE) with the two main categories being pSWE (point 
shear wave elastography) and 2D SWE (two-dimensional 
shear wave elastography).2,11 In pSWE the shear wave speed is 
calculated in a small selected ROI measuring approximately 
0.5 to 1cc (Figure 2) in meters per second and is converted 

to elasticity utilizing Young’s modulus and displayed in 
kPa.2 Advantages of this technique over TE are its ability to 
acquire real-time grayscale images allowing the operator to 
avoid placing the ROI over potential masses, blood vessels 
and bile ducts, and to perform a diagnostic ultrasound exam-
ination at the same setting. With both pSWE and 2D SWE 

Figure 1. Schematic of transient elastography system showing a shear 

wave, created by a mechanical piston, propagating through the liver. 

The speed of the shear wave is measured by the ultrasound wave in the 

elastogram box (yellow rectangle).

Figure 3. 2D SWE image in a 41-year-old female patient with history 

of chronic hepatitis C. Note the rectangular box placed in the right lobe 

of the liver away from major vessels (arrows), which is the field of view 

where shear waves are measured and color coded. The round circle 

is the ROI where the measurement is obtained (measurement # 10 is 

shown). The software provides the median, the IQR and IQR/median 

(5.4 KPa, 0.55 KPa and 0.10 respectively in this patient). GB: gallbladder.

Figure 2. Grayscale ultrasound image from a pSWE study showing the 

white box representing the ROI where the measurement is obtained. 

Note the adjacent vessels (white arrows) that were avoided during the 

placement of the ROI. HV: Hepatic vein. IVC: Inferior vena cava. 
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technologies, the consensus recommendation is to obtain 10 
measurements from the right lobe of the liver and confirm 
the IQR/median value < 0.3 if the reported stiffness value is 
> 7.1 KPa (1.5 m/sec).

2D SWE 
In 2D SWE the shear wave speed is calculated in a rela-
tively large field of view (FOV), of approximately 14 to 20 
cc. Within this FOV an ROI is placed to obtain measure-
ments from this location (Figure 3). Like with pSWE, the 
speed of the shear waves is calculated in meters per second 
and is converted to elasticity utilizing Young’s modulus and 
displayed in KPa. Advantages of 2D SWE are its ability to 
acquire real-time grayscale images allowing the operator to 
place the FOV avoiding potential masses, vessels and bile 
ducts and to perform a diagnostic ultrasound examination 
like in pSWE. The larger area of measurements compared 
to pSWE allows for a larger ROI for the averaging of mea-
surements.2 2D SWE is proven a highly accurate method in 
hepatitis B virus (HBV) and hepatitis C virus (HCV) infected 
populations.12,16 Although less well studied than pSWE and 
TE as it is a newer technique, 2D SWE has been found to be 
equivalent if not better than both technologies,13,16 and can 
be used with equivalent diagnostic accuracy.   

Clinical applications of liver ultrasound elastography
Current guidelines including the AASLD and EASL recom-
mend the use of ultrasound elastography to assess the degree 
of hepatic fibrosis.17,18 Apart from chronic hepatitis B and C, 
ultrasound elastography has also been used to assess hepatic 
fibrosis in patients with alcoholic liver disease, nonalcoholic 
fatty liver disease, primary sclerosing cholangitis and others. 
One major benefit of noninvasive ultrasound elastography is 
that the examination can be readily repeated, as a standalone 
test or during diagnostic liver ultrasound examination. 

Early studies proved a positive correlation between 
hepatic fibrosis and portal hypertension, which in turn is 
correlated with the development of gastric and esophageal 
varices.19 Recent international guidelines recommend a TE 
elasticity of 20 KPa and a platelet count of 150,000/µL as a 
threshold to obviate the need for gastroscopic examination 
in cirrhotic patients.17,18 

Initial studies suggest that ultrasound elastography can 
play a role in establishing the prognosis of patients with 
chronic liver disease; patients with higher hepatic elasticity 
are at greater risk to develop hepatocellular carcinoma, gas-
tric varices with or without hemorrhage, hepatic decompen-
sation and have a higher mortality.20

Confounding factors in the assessment of hepatic fibrosis
While SWE techniques are relatively easy for an experi-
enced sonographer to learn and perform, a good intercoastal 
window allowing adequate visualization of the right lobe 
of the liver and the push of a button are not the only con-
siderations. It is crucial to consider different technical and 

patient related factors that can affect the stiffness values, the 
main ones are summarized in Table 1. Most patient-related 
confounding factors increase the stiffness values therefore, 
a normal value of elastography (< 5 KPa) can be accepted as 
normal, whereas an increased value must be taken in clinical 
context.1,2 Several studies comparing different technologies 
on the same patient cohort have demonstrated inter-sys-
tem variation for SWE estimation of liver fibrosis. Further-
more, machines from different manufacturers are based on 
proprietary technologies, resulting in different calibration 
and stiffness ranges among each other and in comparison to 
TE.1,13 A general conclusion we can draw is that normal lev-
els of stiffness firmly indicate the absence of any significant 
fibrosis, irrespective of the manufacturer and are obtained 
with high reproducibility. Conversely, thresholds for higher 
levels of stiffness and therefore higher fibrosis stages are 
strictly related to each technology and manufacturer. 

Confounding 
factors

Liver 
stiffness 

Comments

Right heart 
failure

Increased Evidence of right heart failure and 
liver congestion can be seen on 
grayscale and Duplex ultrasound.  

Biliary obstruction Increased Can be seen on grayscale 
ultrasound.

Necro-
inflammatory 
activity

Increased Elevated transaminase levels > 5 
times normal values. Increased liver 
stiffness associated with severe 
hepatic steatosis is attributed to 
increased necroinflammatory activity.

Digestion Increased Liver stiffness measurements 
obtained within 0 to 3 hours from a 
meal may overestimate the degree 
of liver fibrosis. Examination should 
be obtained after fasting.

Amyloidosis Increased 

Alcohol 
consumption

Increased In patients with alcoholic hepatitis, 
it is recommended to ascertain the 
quantity and recency of alcohol 
consumption related to the timing  
of the examination.

Alcohol 
abstinence 

Decreased In patients with alcoholic hepatitis, 
it is recommended to ascertain the 
quantity and recency of alcohol 
consumption related to the timing  
of the examination.

Anti-viral therapy Decreased

Subcapsular 
and left lobe 
measurements

Increased ROI should be placed 1.5–2 cm 
deep to the liver capsule to avoid 
reverberation artifacts and increased 
subcapsular stiffness within 1 cm 
from the capsule. 
Measurements obtained in the left 
lobe are affected by the cardiac 
activity.

Table 1. Confounding factors in liver ultrasound elastography.
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CONCLUSION

Liver ultrasound elastography has evolved into an accurate 
method for noninvasive diagnosis and monitoring of liver 
fibrosis of various etiologies. There are several methods for 
performing liver elastography, including TE, pSWE, and 2D 
SWE. While each method may be appropriate, they differ in 
how the shear wave is generated and in what measurements 
are taken, with pSWE and 2D SWE having the advantage 
of real-time ultrasound imaging for accurate measurement 
placement and performing a diagnostic ultrasound survey-
ing for the sequelae of chronic liver disease. Interpretation 
of the results should consider potential confounding factors 
and technical limitations.
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INTRODUCTION 

Delayed treatment of hepatitis C virus infection (HCV) can 
lead to cirrhosis and may increase the risk of associated 
malignancies including hepatocellular carcinoma (HCC) and 
less commonly, intrahepatic cholangiocarcinoma. Stigma 
and misunderstanding surrounding alcohol and/or substance 
use disorders (SUD) can delay or prevent access to life-sav-
ing direct-acting antiviral (DAA) therapies, despite the large 
body of evidence supporting HCV treatment in people with 
SUD. We present a case of fatal intrahepatic cholangiocarci-
noma in an HCV-infected patient who received unrestricted 
access to treatment for three malignancies and other chronic 
health conditions but for whom treatment of HCV was 
delayed due to SUD. 

CASE REPORT

A 62-year-old African American male presented in October 
2017 to the co-located HCV clinic at his methadone main-
tenance program for a second opinion regarding treatment 
of chronic HCV. Past medical history was notable for tran-
sitional papillary cell bladder carcinoma with transurethral 
resection of bladder in 2006, prostate cancer with transure-
thral resection of prostate and radiation in 2007, diffuse large 
b-cell lymphoma (DLBCL) stage III status post six cycles of 
R-CHOP (rituximab, cyclophosphamide, hydroxydaunoru-
bicin, vincristine sulfate [Oncovin®], prednisone) through 
which he missed no doses or scheduled treatments, diabetes 
mellitus type two, hypertension, alcohol dependence, opi-
oid use disorder and injection drug use (IDU) on methadone 
maintenance since January 2008. In February 2002 he was 
diagnosed with HCV. He was first referred to hepatology for 
HCV evaluation and treatment in February 2011. In March 
2011 liver biopsy was performed, with one cylindrical core 
fragment measuring 1.8 cm by 0.1 cm demonstrating fibro-
sis stage 1 of 4. Right upper quadrant ultrasound revealed 
cirrhosis in February 2013. 

The patient attended eight hepatology appointments 

from 2011 to 2018 and underwent repeated liver imaging 
as ordered. From the interferon into the DAA era, HCV 
treatment was deferred by his hepatologists due to ongoing 
alcohol and illicit opioid use. For example, in September 
2015, his physician documented, “patient understands that 
sobriety from IDU as well as alcohol are a requirement for 
treatment of HCV, given that after investing in treatment we 
want to help him protect his liver from any further damage 
as much as possible.” Similarly, between 2016 and 2017, the 
patient saw his primary care physician (PCP) eight times, 
at all of which the patient was informed that he could not 
access HCV treatment due to alcohol misuse. 

The patient reported that he tried to discontinue alcohol 
but developed alcohol withdrawal seizures. He had been 
given lists of local resources to help him ‘detox,’ by a social 
worker at the request of his PCP. The patient declined out-
patient pharmacologic treatment for alcohol use disorder. 
Regarding his tobacco dependence, he was counseled by his 
PCP on the benefits of nicotine replacement therapy, began 
using the nicotine patch in January 2017, and decreased to 
4–5 cigarettes per day from one pack per day by July 2017. 

During these years, the patient continued to receive pri-
mary and subspecialty care and be followed for his other 
malignancies. Urology monitored for recurrence of his blad-
der and prostate cancers. The patient’s oncologist saw him 
two to three times annually to monitor for DLBCL recur-
rence. There was no deferral or denial of cancer treatment 
due to SUD.

At initial HCV evaluation at the HCV program embedded 
within his methadone program on October 10, 2017, physi-
cal examination was significant for a firm liver edge palpable 
3 cm below the right costal margin, lack of palpable spleen, 
and trace ankle edema. Laboratory studies were notable 
for albumin 4.0 mg/dl, total bilirubin 0.6 mg/dL, AST 56 
units/L, ALT 39 units/L, platelets 169,000/ L, INR 1.1, Cr 
0.79, HCV viral load 857, 032 IU/mL and HCV genotype 1a. 
Testing for HIV was negative, hepatitis B virus (HBV) serol-
ogies showed isolated core antibody reactivity, and hepatitis 
A total antibody was reactive. The infectious disease-trained 
physician reviewed medical records at the patient’s request. 
Diagnosis of cirrhosis was discussed with him, including 
the impression per the last hepatic ultrasound in April 2017 
indicating hepatomegaly (likely from alcohol and diabetes- 
related steatosis) and cirrhosis. Benefits of DAA therapy 
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leading to sustained virologic response (SVR) were reviewed, 
including lowering risk for decompensated cirrhosis and 
other HCV-associated conditions and extrahepatic manifes-
tations. It was explained that men with alcohol use disorder 
and chronic HCV were at highest risk for HCC, and that 
SVR reduced the risk of developing HCC; SVR is associated 
with a greater than 70% reduction in the risk of HCC, and 
a 90% reduction in the risk of liver-related mortality and 
liver transplantation.1-2 The patient and physician discussed 
the deleterious effects of alcohol on the liver and overall, 
and the risks of HCV reinfection and transmission with 
continued IDU. They developed a plan for risk reduction to 
be reviewed on an ongoing basis. The patient was eager to  
initiate DAAs. 

The HCV physician contacted the patient’s hepatologist, 
PCP and oncologist, recommending prompt HCV treatment. 
All agreed that this physician could treat the patient’s HCV. 
The HCV physician remained in close contact with the 
patient’s PCP, hepatologist and oncologist from this point 
onward. On October 20, 2017, ten days after initial HCV 
assessment, the patient began DAA treatment with sofos-
buvir/velpatasvir (Epclusa), for 12 weeks. He achieved SVR 
in April 2018. 

Five weeks following SVR, in May 2018, the patient had 
a computed tomography (CT) scan of the abdomen in the 
setting of “abdominal pain and alcohol intoxication” in the 
emergency department. CT demonstrated a nodular liver 
contour, compatible with cirrhosis, with a 2 cm indistinct 
hypoattenuating segment II lesion, plus a 6 mm right lower 
lobe ground glass pulmonary nodule. The recommendation 
was for liver protocol magnetic resonance imaging (MRI) 
or CT for further evaluation and, “continued attention to 
patient’s annual lung cancer screening CT.” Prior CT for 
lung cancer screening in 2016 did not show this nodule. 

August 2018 MRI of the abdomen demonstrated a poorly 
defined lesion within segment II of the liver which displayed 
intrinsic T1 hypointensity and mild T2 hyperintensity. The 
arterial phase was not acquired due to patient intolerance. 
There was evidence of extensive washout on delayed phase 
imaging with multiple satellite nodules. The region of 
washout measured 3.0 x 1.6 x 2.0 cm. Findings were con-
sidered highly suspicious for malignancy in the left hepatic 
lobe; further characterization required the arterial phase, 
not performed as the patient could not tolerate that portion 
of imaging. Three-phase CT liver examination was recom-
mended given shorter length of acquisition time. 

In September 2018, CT scan of the abdomen revealed 
re-demonstration of a 1.7 x 2.1 cm peripherally enhancing 
ill-defined lesion in hepatic segment II without definitive 
evidence of washout on delayed phase imaging, correspond-
ing to the left hepatic lobe indeterminate lesion on August 
MRI. Further evaluation with histologic correlation was rec-
ommended. Ultrasound-guided diagnostic biopsy of the left 
hepatic lobe lesion sized 0.5 x 2.1 x 0.1 cm revealed adeno- 

carcinoma compatible with pancreaticobiliary primary. 
The patient’s findings were deliberated at his hospital’s 

Oncology multidisciplinary tumor board in October 2018, 
and consensus opinion favored surgical resection of the mass 
with lymph node dissection for presumed intrahepatic chol-
angiocarcinoma. The patient underwent staging laparoscopy 
where he was found to have carcinomatosis with disease 
near the superior mesenteric artery. Two omental biopsies 
were positive for adenocarcinoma consistent with the orig-
inal biopsy. Celiac lymph node biopsy showed metastatic 
poorly differentiated adenocarcinoma with extensive extra-
nodal involvement.

The patient was deemed to have stage IV disease and was 
started on combination gemcitabine and cisplatin. He was 
followed by palliative care during his treatment and contin-
ued with methadone maintenance. In February 2019, scans 
showed disease progression and he was switched to modified 
FOLFOX (leucovorin, fluorouracil, and oxaliplatin). Unfor-
tunately, the patient clinically deteriorated. He opted to stop 
active treatment and enroll in hospice. He died in May 2019. 

DISCUSSION

Hepatocellular carcinoma (HCC) and cholangiocarci-
noma are the most common primary liver cancers. HCV 
is a causal agent of HCC, with risk of HCC developing 
once cirrhosis develops. HCC is the fasting-rising cause 
of cancer-related death in the U.S.3-4 There are three types 
of cholangiocarcinomas: extrahepatic, intrahepatic and 
combined. Intrahepatic cholangiocarcinoma is less com-
mon than HCC.5  The incidence ratio of HCC to intrahepatic 
cholangiocarcinoma is 13.7 to 1 infected with either HBV 
or HCV.6 The association of HCV with intrahepatic chol-
angiocarcinoma may be under-appreciated compared to the 
association with HCC.7 Although the mechanism of intra-
hepatic cholangiocarcinoma development is unclear, one 
theory is that HCV in bile duct epithelium leads to chronic 
inflammation and tumorigenic processes. HCV RNA has 
been detected in intrahepatic cholangiocarcinoma biopsy 
specimens. A meta-analysis of patients with HCV and intra-
hepatic cholangiocarcinoma demonstrates a statistically 
significant positive association with HCV and incidence of 
intrahepatic cholangiocarcinoma; the pooled odds ratio (OR) 
of intrahepatic cholangiocarcinoma was 3.38 (95% CI, 2.72 
to 4.21), while the pooled OR of extrahepatic cholangiocar-
cinoma was 1.75 (95% CI, 1.00 to 3.05).7 HCV carries a poor 
prognostic prediction for intrahepatic cholangiocarcinoma.8 
Surgical resection is the preferred treatment but is contra-
indicated in patients with bilateral, multifocal disease and 
distant metastases, as in this patient.9 

Beyond hepatic malignancies, there are extra-hepatic 
oncologic manifestations of HCV. HCV is a lymphocytic 
virus associated with several lymphoproliferative disor-
ders, including DLBCL, the most common type of B cell 
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non-Hodgkin lymphoma.10 Continued stimulation of lym-
phocyte receptors by HCV antigens, viral replication in B 
cells, and damage of B cells are potential mechanisms of 
pathogenesis of DLBCL in HCV-infected patients.11 Our 
patient continued to receive consistent follow-up care for 
DLBCL recurrence after completing chemotherapy in 2014. 
While the pathogenesis of this malignancy continues to be 
investigated, one cannot say for certain that ongoing HCV 
infection, first detected in 2002, did not impact development 
of DLBCL in this patient. In the setting of both HCV and 
NHL, it is imperative to retard progression of liver disease 
by treating with DAAs.12 For some types of NHL, achiev-
ing SVR leads to better 10-year survival rates compared with 
those not treated with antivirals or controls.13  For patients 
with NHL, treating concurrent HCV with DAAs may induce 
NHL remission in up to 75% of cases.13-15 Some oncology 
programs around the U.S. are now routinely including HCV 
treatment within their protocols.

Treating the infection has become the easy part of HCV 
care, as DAAs can safely cure most patients in 8 to 12 weeks. 
Staging fibrosis and treating cirrhosis over time can be more 
challenging. The patient’s 2011 liver biopsy was 1.8 x 0.1 
cm in size. While non-invasive measures to stage fibrosis 
have become standard of care in HCV, liver biopsies were 
routinely performed in the interferon-era. A specimen of at 
least 2.5 cm in length is required to stage hepatic fibrosis in 
HCV, or else disease severity may be under-staged, as may 
have occurred with this patient.16 Note, he was diagnosed 
with cirrhosis in 2013, two years after initial staging biopsy. 

IDU, opioid use disorder, alcohol misuse and HCV often 
coexist.17 People who use drugs are disproportionately 
affected by HCV. The burden of HCV-related disease in this 
group continues to grow at alarming rates and represents a 
major cost to the healthcare system. People who inject drugs 
(PWID) carry the highest burden of HCV, with almost half of 
PWID worldwide living with HCV.17-21 IDU is the main route 
of transmission in middle- and high-income regions.17-21 High 
levels of HCV treatment and cure for PWID can reduce HCV 
incidence and prevalence.22-27 Therefore, expanding preven-
tive efforts, testing, diagnosis, treatment and cure among 
this population is critical. As early as 2014, for example, the 
Veterans Administration, the largest provider of HCV care 
in the U.S., abolished HCV treatment candidacy based on 
substance use: “There are no published data supporting a 
minimum length of abstinence as an inclusion criterion for 
HCV antiviral treatment.”28

Rather than excluding PWID, national and international 
guidelines including those of the American Association 
for the Study of Liver Diseases (AASLD)/Infectious Dis-
ease Society of America and World Health Organization, 
endorse prioritizing PWID for HCV treatment to improve 
individual and public health.29-30 Benefits of treating HCV 
early include thwarting development of cirrhosis, end-stage 
liver disease and HCC, and stemming disease spread.28, 31-32 

Decreasing the infectivity of the transmitting population 
is essential to achieve HCV elimination.29-30 While historic 
concerns about treating HCV in PWID include risk of rein-
fection and sub-optimal adherence, a robust body of evi-
dence demonstrates DAA efficacy among PWID both on 
opioid agonist therapy and not, as well as HCV treatment 
as prevention benefits among PWID to eliminate HCV.22,33-35  

Reported rates of reinfection after SVR among PWID are low 
  – 3.8-6.2/100 person-years, and may be exacerbated by slow 
scale-up of HCV treatment for this population.36 Concerns 
about reinfection rates in other subpopulations, such as sur-
geons and HIV-infected men who have sex with men, have 
not impeded HCV treatment. Additionally, HCV treatment 
of PWID is cost-effective, particularly when the prevention 
benefits are considered.22 

AASLD and the World Health Organization do not require 
treatment of alcohol use disorders before HCV treatment, 
nor HCV treatment restrictions for persons with alcohol 
use disorders. HCV and alcohol act synergistically in caus-
ing more severe liver injury than seen with either disease 
alone. Persons with coexisting alcohol disorders are at a 
higher risk for HCV-related complications.17,37 Curing HCV 
is easier than ‘curing’ alcohol disorders; pharmacotherapy 
for alcohol misuse is limited, and behavioral interventions 
are not always successful. SVR rates are similar in drinkers 
and nondrinkers.38 

While physicians caring for patients with tobacco depen-
dence recommend tobacco cessation and treat tobacco depen-
dence, potential life-saving therapies for the treatment of lung 
cancer or asthma are not withheld from smokers. Diabetes 
medications are not withheld from those who are overweight 
and do not adhere to dietary recommendations. Substance 
use criteria are not used to restrict access to antiretroviral 
therapy for HIV/AIDS. The 2020 standard of care requires 
that PWID and people with alcohol use disorders not expe-
rience delays in accessing potentially life-saving DAA med-
ications due to provider-level misperceptions not supported 
by evidence. Addiction is a chronic relapsing and treatable 
brain disease to be treated with respect and compassion.

The HCV epidemic exposes racial and socioeconomic 
health care disparities. More than half of HCV-infected peo-
ple in U.S. have incomes lower than twice the poverty level 
and less than a high school education. Native Americans 
and Alaskan Natives have the highest incidence. People 
who are African American account for 25% of those with 
chronic HCV but 11% of the population.39-40 Multiple stud-
ies identify a racial/ethnic disparity with respect to HCV 
diagnosis, referral and treatment initiation. Implement-
ing universal screening and treatment will help overcome  
these inequities.41 
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CONCLUSION

Intrahepatic cholangiocarcinoma is an aggressive HCV- 
associated malignancy. Further research as to the impact of 
SVR on intrahepatic cholangiocarcinoma incidence and inci-
dence of other HCV-associated malignancies is needed. Early 
DAA treatment is now universally recommended except 
for those with short life expectancy that cannot be remedi-
ated by HCV therapy or liver transplantation. Interferon-era 
concerns about treating HCV in drug-involved patients 
should not be perpetuated. Evidence-based national and 
international guidelines supporting prioritization and HCV  
treatment scale-up for this population.31-32
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CHRISTINE BERARD-COLLINS, MBA, BSPharm; ANDREW R. ZULLO, PharmD, PhD

ABSTRACT 

OBJECTIVE:  To compare sustained virologic response 12 
weeks post-treatment completion (SVR12) and patient 
characteristics for older versus younger patients with 
chronic hepatitis C virus infection (HCV) receiving di-
rect-acting antiviral (DAA) agent therapy. 

METHODS:  This retrospective cohort study included 
patients with chronic HCV who received DAA therapy, 
between 2015 and 2018, in the largest health system in 
Rhode Island (N=154). Patient characteristics, comorbid 
diagnoses, and SVR12 status were compared between 
older (aged ≥60 years) and younger (<60 years) adults us-
ing chi-squared tests.

RESULTS:  Overall, 94.1% (95% CI: 90.4–97.8) achieved 
SVR12; response rates were 91.8% (95% CI: 84.9–98.6) 
for older adults and 95.6% (95% CI: 91.5-99.8) for young-
er adults (p=0.51). 

CONCLUSIONS:  Our findings refute the historical notion 
that older adults were a “difficult-to-treat” subpopula-
tion for whom clinicians should expect less treatment 
success. This is no longer the case with DAA therapy. 

KEYWORDS:  hepatitis C, chronic, direct-acting antiviral 
agents, older adults, sustained virologic response   

INTRODUCTION

Hepatitis C virus (HCV) currently affects 71 million peo-
ple globally and 4.1 million people in the United States 
(U.S.).1,2 Between 75 and 85% of all acute HCV infections 
develop into chronic HCV infections, which have an esti-
mated domestic prevalence of 1.0%.2 Chronic HCV can take 
decades to develop, as it is a slow, progressive scarring of 
liver tissue, often culminating intrahepatic and extrahepatic 
disease due to long-term systemic inflammation.3 Since 
the progression from acute to chronic HCV is typically 
asymptomatic, adults aged 60 years and older may have 
been unknowingly infected with HCV for decades, and as a 
result, are at a higher risk for HCV-associated complications 
compared to younger adults.3 In fact, natural history models 
predict that the largest burden of complications from HCV 
infections will fall on those aged 60 years and older.4 

The advent of novel interferon-free, direct-acting antivi-
ral (DAA) agent regimens have decreased the rate of adverse 
events and improved the rate of achieving cure for older 
adults receiving HCV therapy.3,5,6 Current American Associ-
ation for the Study of Liver Diseases (AASLD) and Infectious 
Diseases Society of America (IDSA) guidelines recommend 
all patients with chronic HCV receive DAA-based therapy, 
regardless of age, unless treatment is unlikely to improve 
life expectancy.7 However, clinical studies reporting the effi-
cacy and tolerability of DAA therapy enrolled a limited pro-
portion of patients aged ≥ 60 years.3 Since clinicians rely on 
clinical trial data to make real-world decisions in treating 
patients, this less robust clinical trial data for older adults 
can affect a provider's willingness to treat patients with 
HCV in this population. 

While older adults experience less drug-drug interactions 
(DDIs) and adverse events on DAA regimens compared to 
interferon-based regimens, these events may still occur and 
discourage clinicians from pursuing guideline-concordant 
treatment.6,8 Older adults are at a particular risk for experi-
encing DDIs with DAA therapy compared to younger adults 
as older adults are more susceptible to polypharmacy, corre-
sponding to having more comorbidities.8–10  Some clinicians 
may therefore perceive older patients with chronic HCV as a 
“difficult-to-treat” subpopulation, for whom less treatment 
success should be expected.11,12 

Pharmacists may help overcome these challenges. Phar-
macists are positioned to address many drug-related prob-
lems that older adults may be at a higher risk for, such as 
DDIs, side effects, and medication nonadherence that are 
typically of concern with patients starting DAA therapy. 
Given the critical role pharmacists may play in HCV treat-
ment, our study examined patients receiving DAA therapy at 
clinics that include clinical pharmacists in the management  
of HCV. 

We examined SVR12 rates and the burden of 19 comorbid 
medical, psychiatric, and substance use conditions for older 
versus younger adults in a cohort of patients with chronic 
HCV receiving DAA therapy at pharmacist-involved clin-
ics. We hypothesized that older adults would be less likely 
to achieve SVR12 compared to younger adults due to cli-
nicians’ historical perception that older adults are a “diffi-
cult-to-treat” subpopulation and a subsequent reluctance to 
pursue guideline-concordant HCV management. 
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METHODS

Study Design and Data Source
This was a retrospective cohort study using existing data 
on adult patients (age ≥18 years) diagnosed with chronic 
HCV who initiated treatment at one of two pharmacist- 
involved clinics within a single health system in Providence, 
Rhode Island, between January 1, 2015 and June 30, 2018. 
In both clinics, pharmacists educated patients with chronic 
HCV and monitored their care throughout DAA treatment.  
Additional details have been previously published.13

All data were collected from the patient’s electronic health 
record (EHR) by two researchers working together to iden-
tify patients, extract information, and confirm eligibility. 
Data were recorded using a standardized abstraction instru-
ment. Patients were included in the analysis if it was their 
first treatment at the clinic and they were receiving DAA-
based therapy with or without ribavirin. For patients who 
were prescribed a course of treatment more than once at the 
same clinic, only their first treatment regimen was included. 
Patients co-infected with human immunodeficiency virus 
(HIV) were treated at a separate immunology clinic and were 
not included in this study. There were no additional exclu-
sion criteria applied to maximize generalizability. The Lifes-
pan Institutional Review Board (IRB) determined this study 
to be exempt from IRB review. 

Age and Covariates
Age was dichotomized using a cutoff of 60 years. Younger 
adults were those aged <60 years of age and older adults 
were those aged ≥60 at the time of clinic enrollment. The 
age threshold of ≥60 for defining older adults was selected to 
concord with related research.4,11,14 

Additional variables determined from the literature to 
be related to achieving HCV cure were extracted from the 
EHR for each patient. These covariates were gender, race, 
income level, insurance type, HCV genotype, presence of 
cirrhosis, presence of decompensation, prior history of HCV 
treatment, type of DAA medication, use of ribavirin, length 
of treatment course (<24 weeks and ≥24 weeks), and risk fac-
tors for HCV infection, including patient-reported history 
of injection drug use, snorting drugs, tobacco use, male-to-
male sexual encounters, blood transfusions prior to 1992, 
and incarceration.3,6,13 Insurance type was dichotomized to 
private insurance and public insurance, with public insur-
ance including patients who had Medicaid, Medicare or a 
combination of both Medicaid and Medicare listed as their 
primary insurance provider. 

Covariates for comorbid medical diagnoses determined 
from the literature to be prevalent comorbidities in patients 
with HCV included chronic pain, hepatitis B virus, hyperten-
sion, coronary artery disease, chronic heart failure, chronic 
kidney disease, chronic pulmonary disease, and diabetes.3,6,14,15 
Comorbid psychological diagnoses included depression, 
anxiety, bipolar disorder, post-traumatic stress disorder, and 

schizophrenia.3,14,15 Current or past history of substance use 
disorders included alcohol, amphetamine, benzodiazepine, 
cannabis, cocaine, and opioid use disorders.14–16 A dichoto-
mous variable was created to investigate the burden of comor-
bid diagnoses in the cohort. The two levels were “patient 
was diagnosed with at least one comorbid condition” and 
“patient was not diagnosed with any comorbid condition.”

Sustained Virologic Response (SVR12)
SVR12 for HCV therapy was defined as sustained virologic 
response, or a non-detectable HCV RNA viral load, 12 
weeks following completion of treatment. Patients achiev-
ing SVR12 are deemed to be cured of HCV.7 Both intention-
to-treat (ITT) and modified intention-to-treat (mITT) SVR12 
rates were reported for the cohort. Only patients who com-
pleted their full prescribed course of DAA therapy and had 
a reported SVR12 status were included in the analysis of 
patient characteristics.

Statistical Analysis
Results were reported first for the entire cohort and then 
stratified by younger versus older adults. Chi-squared tests 
were used to compare older and younger adults, and report 
p-values and 95% confidence intervals (CIs). Data analyses 
were conducted using R version 3.4.1 (R Core Team; Vienna, 
Austria).17

RESULTS
Study Cohort
There were 162 patients with chronic HCV who initiated 
treatment at a pharmacist-involved clinic between January 
1, 2015 and June 30, 2018. Of those, 154 patients initiated 
and completed treatment at those clinics within the same 
time frame. Considering only the 154 patients with chronic 
HCV who initiated and completed treatment, the mean age 
of the cohort was 55. The cohort was predominantly male 
(53.2%), white (63.6%), had a prior or current history of 
smoking (79.2%) and had public insurance (82.4%). Table 1 
describes demographics overall and stratified by age.

The overall ITT SVR12 rate was 90.7% (95% CI: 86.3-95.2). 
For those who completed treatment, the mITT SVR12 rate 
was 94.2% (95% CI: 90.4-97.8) (Table 2). Prior to beginning 
treatment, over half of the cohort was diagnosed with liver 
cirrhosis (51.9%) and 12.9% showed signs of decompensated 
cirrhosis. Most patients completed a DAA treatment course 
that was less than 24 weeks (80.5%), using ledipasvir/ 
sofosbuvir (75.3%) without ribavirin (77.2%). 

Looking at the distribution of comorbid conditions, 35.7% 
of the cohort was diagnosed with chronic pain, 55.8% had 
hypertension, 20.1% had chronic pulmonary disease, 29.8% 
had diabetes, 48.0% had depression, and 31.1% had anxiety. 
Close to a quarter of patients had a current or past history of 
alcohol use disorder (24.0%) and slightly less had a current 
or past history of opioid use disorder (16.8%).  
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Comparing Older and Younger Adults
Of the 162 patients with chronic HCV who ini-
tiated treatment, 99 patients were <60 years old 
and 63 patients were ≥60 years old. Considering 
only the 154 patients who initiated and com-
pleted treatment, 93 patients were <60 years 
old and 61 patients were ≥60 years old. Neither 
demographic characteristics nor factors related 
to HCV exposure were distributed differently 
between age groups. 

The ITT SVR12 rate for older adults was 
90.5% (95% CI: 83.2-97.7) and the mITT SVR12 
rate was 91.8% (95% CI: 84.9-98.6), compared 
to ITT SVR12 rate for younger adults of 90.9% 
(95% CI: 85.2-96.5) and mITT SVR12 rate of 
95.6% (95% CI: 91.5-99.8). The SVR12 rates 
did not differ significantly between age groups 
(p=0.51) (Table 2). Characteristics related to the 
patients’ HCV diagnosis and DAA treatment 
regimen did not vary significantly between 
older and younger adults in this cohort.  

Figure 1 displays the burden of comorbid diag-
noses stratified by age group. Older adults had 
a greater burden of comorbid diagnoses, with 
93.4% (95% CI: 87.2-99.6) of older patients diag-
nosed with at least one comorbid illness, com-
pared to 87.1% (95% CI: 80.2-93.9) of younger 
adult patients who were diagnosed with at least 
one comorbid illness (p=0.32). Only hyperten-
sion was markedly different between older and 
younger adults (Table 2). More older adults were 
diagnosed with hypertension (72.1%, 95% CI: 
60.8-83.3) compared to younger adults (45.1%, 
95% CI: 35.0-55.2) (p=0.001).  

DISCUSSION

Among patients treated at pharmacist-involved 
HCV clinics, SVR12 rates did not significantly 
differ between age groups, suggesting that 
patients with chronic HCV, regardless of age 
or comorbid conditions, can attain SVR12 with 
DAA therapy. Overall, 94.2% achieved SVR12 
and were cured of HCV. Although older adults 
in this cohort did have a slightly lower SVR12 
rate compared to younger adults, the difference 
between the two age groups was not statistically 
significant.  

The SVR12 rates observed are consistent with 
those found in the literature for similar patient 
populations receiving DAA therapy. Su et al. 
grouped patients with HCV into six age cate-
gories and reported SVR12 rates greater than 
90% for patients in the age categories of 60–64, 

Figure 1. Bar plot displaying the burden of comorbid conditions among patients with 

hepatitis C virus infection (HCV) stratified by age group (N=154)

Overall 
(N=154)

Younger Adults 
<60 years 

(n=93)

Older Adults 
≥60 years 

(n=61)

P 
value

Demographics

Age, mean (SD) 55 (9.6) 50 (7.6) 64 (5.0) --

Female, n (%) 72 (46.7) 42 (45.1) 30 (49.1) 0.74

Race, n (%) 0.48

   White 98 (63.7) 62 (66.7) 36 (59.1)

   Black 32 (20.7) 29 (20.4) 13 (21.3)

   Other/Unspecified 24 (15.6) 12 (12.9) 12 (19.6)

Hispanic, n (%) 29 (18.8) 19 (20.4) 10 (16.3) 0.67

Annual household income, n (%) 0.41

   Tertile 1 ($30,711–40,455) 57 (37.1) 37 (39.8) 20 (32.8)

   Tertile 2 ($40,456–55,632) 44 (28.5) 23 (24.8) 21 (34.4)

   Tertile 3 ($55,632–117,408) 53 (34.4) 33 (35.4) 20 (32.8)

Public insurance, n (%) 127 (82.4) 79 (84.9) 48 (78.6) 0.43

Ever smoker, n (%) 122 (79.2) 72 (77.4) 50 (81.9) 0.63

Factors related to HCV exposure, n (%)

   History of intravenous  
   illicit drug use

77 (50.0) 51 (54.8) 26 (42.6) 0.18

   History of snorting drugs 67 (43.5) 42 (45.1) 25 (40.9) 0.72

   History of high-risk  
   sexual activity

26 (16.8) 15 (16.1) 11 (18.0) 0.92

   Blood transfusion  
   prior to 1992 

39 (25.3) 20 (21.5) 19 (31.1) 0.24

   Incarceration 47 (30.5) 33 (35.4) 14 (22.9) 0.14

Table 1. Characteristics of hepatitis C virus patients stratified by age group (N=154)

a. Chi-squared tests used to determine the relationship between categorical variables.  
b. P values are comparing younger adults to older adults.

Comorbid conditions include chronic pain, hepatitis B virus, hypertension, coronary artery disease, 
chronic heart failure, chronic kidney disease, chronic pulmonary disease, diabetes, depression, anxi-
ety, bipolar disorder, post-traumatic stress disorder, schizophrenia, alcohol use disorder, amphetamine 
use disorder, benzodiazepine use disorder, cannabis use disorder, cocaine use disorder, and opioid 
use disorder.
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a. Chi-squared tests used to determine the relationship between categorical variables.  
b. P values are comparing younger adults to older adults. 
c. **P value <0.01
d. Modified intention-to-treat SVR12, includes only patients who completed treatment  
    and had a SVR12 reported

Table 2. Characteristics of the treatment regimen received, hepatitis C virus, and comorbid 

diagnoses among study participants stratified by age group (N=154)

Overall 
(N=154)

Younger Adults 
<60 years  

(n=93)

Older Adults
≥60 years  

(n=61)
P-valuea,b,c

Hepatitis C Virus 

Genotype 1, n (%) 123 (79.8) 73 (78.4) 50 (81.9) 0.74

Presence of liver cirrhosis, n (%) 80 (51.9) 48 (51.6) 32 (52.4) 1 

Presence of decompensated 
cirrhosis, n (%)

20 (12.9) 12 (12.9) 8 (13.1) 1 

Prior history of treatment, n (%) 46 (29.8) 27 (29.0) 19 (31.1) 0.91

Treatment Regimen for Hepatitis C Virus

Length of treatment, n (%) 0.87

      < 24 weeks 124 (80.5) 74 (79.6) 50 (82.0)

      24 weeks 30 (19.5) 19 (20.4) 11 (18.0) 

Type of DAA medication, n (%) 0.55

      Ledipasvir/sofosbuvir 116 (75.3) 68 (73.1) 48 (78.7) 

      Other 38 (24.7) 25 (26.9) 13 (21.3) 

Use of ribavirin, n (%) 35 (22.7) 17 (18.2) 18 (29.5) 0.15

SVR12 achievedd, n (%) 145 (94.1) 89 (95.6) 56 (91.8) 0.51

Comorbid Diagnoses

   Comorbid Medical Diagnoses, n (%)

      Chronic pain 55 (35.7) 32 (34.4) 23 (37.7) 0.80 

      Hepatitis B virus 6 (3.8) 5 (5.3) 1 (1.6) 0.4

      Hypertension 86 (55.8) 42 (45.1) 44 (72.1) 0.001**

      Coronary artery disease 8 (5.1) 5 (5.3) 3 (4.9) 1 

      Chronic heart failure 5 (3.2) 3 (3.2) 2 (3.2) 1 

      Chronic kidney disease 11 (7.1) 5 (5.3) 6 (9.8) 0.46

      Chronic pulmonary disease 31 (20.1) 21 (22.5) 10 (16.3) 0.46 

      Diabetes 46 (29.8) 26 (27.9) 20 (32.7) 0.64 

   Comorbid Psychiatric Diagnoses, n (%)

      Depression 74 (48.0) 51 (54.8) 23 (37.7) 0.05 

      Anxiety 48 (31.1) 34 (36.5) 14 (22.9) 0.10 

      Bipolar disorder 12 (7.7) 9 (9.6) 3 (4.9) 0.44

      Post-traumatic stress disorder 10 (6.4) 8 (8.6) 2 (3.2) 0.32 

      Schizophrenia 8 (5.1) 6 (6.4) 2 (3.2) 0.61

   History of Comorbid Substance Use Disorder, n (%)

      Alcohol use disorder 37 (24.0) 24 (25.8) 13 (21.3) 0.65 

      Amphetamine use disorder 1 (0.6) 1 (1.0) 0 (0.0) 1

      Benzodiazepine use disorder 3 (1.9) 1 (1.0) 2 (3.2) 0.71 

      Cannabis use disorder 2 (1.2) 1 (1.0) 1 (1.6) 1 

      Cocaine use disorder 13 (8.4) 8 (8.6) 5 (8.1) 1

      Opioid use disorder 26 (16.8) 19 (20.4) 7 (11.4) 0.21

65–69, 70–74, and 75 years and older.14 
Vermehren et al. and Jhaveri et al. com-
pared patients with HCV <65 years old to 
those ≥65 years old and found SVR12 rates 
between 91 to 99% for younger adults and 
SVR12 rates between 97 to 100% for older 
adults.5,8 Most recently, Pan et al. found 
no significant difference in achieving 
HCV cure between patients with HCV 
<65 years old and those ≥65 years old.18 
Combined with our study, these findings 
suggest that age alone does not adversely 
impact achieving SVR12 through DAA 
therapy.

Since older adults are more likely to 
experience DDIs with DAA therapy as a 
result of having a greater burden of comor-
bidities and medications to treat them, it 
is important to include comorbid condi-
tions and medication use in evaluations 
of DAA therapy.8–10 Prior literature exam-
ining SVR12 for DAA therapies included 
only a few comorbid conditions. Of those, 
to our knowledge, no study examined 
more than six diagnoses.6,14,16,18 Our study 
included 19 diagnoses for comorbid con-
ditions (eight medical, five psychiatric, 
and six substance use disorders), which 
were specifically selected for their prev-
alence as comorbidities in patients with 
HCV.14,16 Older adults in this cohort 
shared a greater burden of having at least 
one comorbid diagnosis compared to 
younger adults, although this difference 
between age groups was not statistically 
significant. Only one comorbid condition, 
hypertension, was distributed differently 
between the younger and older adult age 
groups, with more older adults having 
with hypertension. This finding is consis-
tent with older adults in both the general 
and HCV population, as the prevalence of 
hypertension increases with age.18,19 Older 
adults shared a greater burden of having 
at least one comorbid diagnosis, but both 
age groups achieved SVR12 at a similar 
rate. This indicates that the comorbid 
conditions evaluated in this study are not 
expected to significantly affect the ability 
of an older patient with chronic HCV to 
be cured of HCV. 

Although not considered a comorbid 
condition in analysis, nearly 80% of our 
cohort reported a past or current history 
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of smoking. The rate of tobacco use among patients with 
HCV is estimated to be three times higher than the rate of 
tobacco use among patients without HCV.20 This is likely 
linked to the fact that cardiovascular diseases are more prev-
alent among patients infected with HCV compared with the 
general public. Additionally, patients with HCV are more 
likely to die from cardiovascular and respiratory causes than 
liver-related causes, which further supports the importance 
of tobacco cessation counseling of patients being treated  
for HCV.20 

Interestingly, the percent of patients with cirrhosis in our 
cohort was higher than expected, with over half diagnosed 
with cirrhosis at the start of the study. The World Health 
Organization estimates that between 15 and 30% of patients 
with HCV develop cirrhosis.1 This discrepancy is likely due 
to the fact that at the time that this study was conducted, 
many insurers in Rhode Island, both private and public, 
reserved coverage of DAA therapies to patients with stage 
three or stage four fibrosis. Since then, restrictions based on 
fibrosis score have largely been removed and patients with 
less severe fibrosis are able to access HCV treatment. 

In our cohort, the distribution of patients with liver cir-
rhosis and decompensated cirrhosis were similar across both 
age groups. However, due to a longer duration of infection, 
older adults more often present with advanced stages of 
fibrosis compared to younger adults.3,18 Current HCV guide-
lines recommend treatment for all patients with HCV, unless 
they have a short life expectancy (less than 12 months) and 
are unlikely to receive benefit from therapy.7 Although older 
adults often present at a later stage of liver fibrosis, this does 
not correlate with their ability to respond to HCV treat-
ment. The efficacy and tolerability of DAA therapy indi-
cates older adults with HCV no longer need to be viewed 
as a “difficult-to-treat” population. However, there is some 
urgency regarding when to start therapy for an older patient 
with chronic HCV, as older adults do have a greater risk for 
HCV-related intrahepatic and extrahepatic disease.3 Given 
the similar distributions of HCV-related liver complica-
tions and the greater than 90% SVR12 rate in this cohort, 
it does not appear that older adults, who are who are at the 
highest-risk for HCV-related liver morbidity and mortality, 
should be denied treatment based on stage of liver disease. 

Our finding that patients with chronic HCV are not lim-
ited by age or comorbid conditions in achieving HCV cure 
must be interpreted in light of some limitations. Given the 
retrospective chart review nature of this study, some comor-
bid diagnoses may be missing or misclassified. However, it is 
unlikely that missingness or misclassification would be dif-
ferential by age. Additionally, this study employed data from 
a single health system, so results may not generalize to other 
institutions with markedly different patient populations. 

CONCLUSIONS
Our findings suggest that HCV cure is possible for both 
younger and older patients with chronic HCV and is not 
limited by a patient’s age or the comorbid illnesses evalu-
ated in this study. Although there were some differences 
between age groups, none of these differences are expected 
to influence the ability of a patient with chronic HCV to 
respond to HCV treatment and be cured of HCV. Given the 
longer duration of infection in older patients with HCV and 
the efficacy and tolerability of DAA therapy, it is impera-
tive to treat older patients, who are at the highest-risk for  
HCV-related liver morbidity and mortality. 
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A Modifiable Barrier to Hepatitis C Virus Elimination in Rhode Island: 
The Prior Authorization Process for Direct-Acting Antiviral Agents
PATRICK DURYEA, BA; JACKIE HABCHI, PharmD; SOPHIE SPRECHT-WALSH, LPN;  

AURIELLE THOMAS, MSc; JEFFREY BRATBERG, PharmD

ABSTRACT 
Hepatitis C virus (HCV) is disproportionately prevalent 
among different groups of marginalized populations in 
Rhode Island (RI). Although direct-acting antiviral (DAA) 
agents are safe and cure HCV, RI payers limit access to 
these life-saving medications using prior authorizations 
(PAs). We assessed RI DAA-specific PA criteria. The au-
thors reviewed payers’ websites and/or called payers to 
obtain, describe, and analyze DAA PA forms, and approv-
al and appeal processes. While some information was 
consistently required, we observed substantial differenc-
es among payers’ requirements. All PA forms require at 
least one piece of data that is clinically superfluous for 
DAA prescription. These include post-treatment labora-
tory results, prescriber requirements, documentation of 
co-treatment of substance use disorders, and repeat diag-
nostic tests. Post-approval barriers also exist; DAA PAs 
are time-limited, and DAAs can only be obtained from 
preferred pharmacies. The PA process requires many 
steps, differing across RI payers, taking 45–120 minutes 
per patient. To achieve HCV elimination, DAA PA forms 
and processes should be standardized, streamlined, and 
ultimately removed.

KEYWORDS:  hepatitis C virus (HCV), prior authorization 
(PA), direct-acting antiviral (DAA), people who inject  
drugs (PWID)   

INTRODUCTION

Hepatitis C virus (HCV) is the most common bloodborne 
infection in the U.S.1 HCV incidence is rising dramatically, 
driven by percutaneous transmission among younger people 
who inject drugs (PWID).2 These data along with the ben-
efits of treatment contributed to Centers for Disease Con-
trol and Prevention and U.S. Preventive Services Task Force  
recommendations for universal testing of all adults.3-4

Oral direct-acting antivirals (DAAs) are safe and effective  
curative therapies for HCV. Contemporary short-term for-
mulations are typically pan-genotypic and taken once daily. 
Although prices of DAAs have decreased, and treatment 
leading to cure is cost-saving and cost-effective, many DAAs 
remain in a tier of higher-priced medications with access 

regulated by private and public payers through specialty 
pharmacies-only access and prior authorization (PA) pro-
cesses.5-6 Acquiring DAAs for a patient requires clinical and 
administrative teams (e.g. physicians, nurses, pharmacists) 
and then patients to navigate complex PA processes that  
differ for every payer in Rhode Island (RI).

DAA PAs are paper or electronic forms that require 
patient-specific demographic, medical and non-medical 
information, plus supporting laboratory results. Typically, 
a physician evaluates a patient and chooses to prescribe 
the best DAAs for that specific patient. A payer-specific PA 
request form must be submitted, reviewed, and approved 
before the patient can obtain DAAs. There are myriad rea-
sons for PA denials, ranging from a request for a regimen 
that is not on the payer-specific preferred drug formulary, 
to missing a non-essential piece of information (see Case 
Examples). PA re-submissions require providing data rebut-
ting the denial, and often patient-specific provider letters. 
If the payer still denies the PA, the prescriber must con-
tact the payer to conduct a peer-to-peer appeal, which can 
involve weeks of correspondence via phone voicemail. Once 
approved, the payer will only approve the treatment until 
a specific date. If a refill is needed or treatment is initiated 
after the PA expires, the PA must be redone, even if treat-
ment has already started.

For patients to physically receive their medication, each 
payer requires that DAAs be obtained exclusively via a 
payer-specific preferred specialty pharmacy. Specialty phar-
macies are either local, with a walk-in location, or central, 
which deliver medications by mail. Most payers will not 
notify the pharmacy of the prescription approval, so pre-
scribers often must call in prescriptions. Patients are pro-
vided with a 1-month supply of medications and must call 
the pharmacy for refills for a 2-, 3- or 6-month regimen. 
Patients that are new to the specialty pharmacy must create 
a profile over the phone and receive counseling by the pay-
er’s preferred pharmacist, about their DAA regimen. A sig-
nificant burden of HCV lies with PWID and people who are 
homeless-experienced.7 The challenges of limited access to 
consistent housing, transportation, and phones, underscore 
the difficulties of the PA process for certain sub-populations 
and their prescribers. Our objective was to describe the RI 
DAA PA process.
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METHODS
We evaluated RI payer PA criteria for DAA approval. We iden-
tified 12 different RI DAA PAs: six Medicaid, four Medicare, 
and two Commercial. We selected a representative sample 
of six payers: three public (Medicaid: UnitedHealthcare of RI 
(UHC), Tufts Health Plan of RI, Neighborhood Health Plan of 
RI), two private (Blue Cross Blue Shield of RI (BCBS), Aetna 
of RI), and the AIDS Drug Assistance Program (ADAP) of RI 
for Human Immunodeficiency Virus (HIV)/HCV co-infected 
patients. We focused on three Medicaid payers because their 
covered patients possess a higher prevalence of HCV than 
payers that cover non-Medicaid recipients.8 We examined 
two private insurers and one drug assistance program to 
broaden the scope of this investigation and better under-
stand PAs across different types of RI payers. We searched 
the payers’ websites between January 10 and March 11, 2020 
to find PA request forms that must 
be submitted for consideration of 
DAA approval.

One author contacted payers 
by email, to verify that the infor-
mation on the online PA request 
forms used for the PA request pro-
cess were up to date. When payers 
did not respond to emails, authors 
called the payer’s public patient and 
provider phone number. Of the six 
payers, four responded to the ver-
ification request. No edits to the 
PA process were obtained. Two 
authors extracted data from pay-
er-specific PA request forms into 
a standardized spreadsheet. One 
co-author verified the data. Out-
come variables consisted of clinical 
and non-clinical features of each 
payer’s PAs. Data used for outcome 
variables was publicly available. 
The verified processes from each 
payer were assessed for discrepan-
cies between requirements of the 
PA request forms and the current 
evidence-based society guidelines 
(HCVguidelines.org).9

RESULTS 
(Table 1) All payers require the fol-
lowing information be submitted: 
HCV genotype, HCV ribonucleic 
acid (RNA) viral load (VL), estimate 
of liver fibrosis stage, the test used 
to estimate fibrosis stage, and cir-
rhosis status. Four payers require an 
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Table 1. Summary of Prior Authorizations for Direct-Acting Antivirals in Rhode Island

* United Healthcare of RI (UHC), Tufts Health Plan of RI (THP), Neighborhood Health Plan of RI (NHP), Blue Cross 
Blue Shield of RI (BCBS), Aetna of RI, AIDS Drug Assistance Program of RI (ADAP)
1 CVS Caremark Central is their preferred pharmacy. Also, CVS Local Specialty can help in answering questions.
2 335 Prairie Ave, Providence RI (Local Specialty)
3 593 Eddy Street, Providence RI or medication transferred to The Miriam Hospital (164 Summit Ave., Providence RI).
4 If a patient’s hepatic fibrosis stage is F3 or F4, the submitting prescriber “must be on the Rhode Island Medicaid 
Hepatitis C Preferred Provider List” or in co-managing the patient with a Preferred Provider.
5 Prescriber is required to be enrolled as a Preferred Provider.
6 Viral load
7 Aspartate Aminotransferase to Platelet Ratio Index
8 Both APRI and Fibrosure are required.
9 HCV Genotype within 90 days of PA request

10 The patient must sign a contract before starting treatment. ADAP’s sample contract states that nonadherence will 
result in nonrenewal of medications, among other things. The suggested contract is meant to be stored in patient’s 
medical record, and not used for eligibility.
11 Patients with alcohol or drug misuse must be participating in a clinician-monitored treatment program or substance- 
free for six months. Treatment and monitoring may be documented by attestation.

HCV RNA VL result within 90 days of the PA request (even 
for patients with years of documented HCV viremia). Three 
payers required a prescriber to agree to submit patients’ 
12-week post-treatment HCV RNA VL sustained viro-
logic response (SVR) result (signifying whether the patient 
achieved cure) back to the payer. One payer requires an HCV 
genotype within 90 days of the PA request (even for patients 
with years of the same documented genotype without risk 
for reinfection with a new genotype). Five payers require the 
prescriber’s medical specialist status or preferred provider 
status. ADAP requires that patients with substance use dis-
orders (SUDs) sign an agreement and participate in a clini-
cian-monitored treatment program or be abstinent for six 
months prior to HCV treatment initiation (documented by 
attestation). Three payers require information about trans-
plant history, two require HIV status, two require ethnicity, 
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and two require weight. None had PA processes that were 
the same or followed standardized formatting. The complete 
DAA PA process from prescription to DAA acquisition took 
45-120 minutes per patient, longer with a protracted denial 
and appeals process.

Payers’ preferred pharmacy is the only option for patients 
to obtain DAAs. BriovaRx, UHC’s preferred pharmacy, 
requires the medication be shipped to a patient’s address. 
BriovaRx staff will not call the prescriber if a patient can-
not be reached via telephone. If BriovaRx requires additional 
documentation or if a PA must be redone, the pharmacy will 
only use fax, and will not reach out to the prescriber. This 
may take several hours to multiple days.

Case Example 1
A patient presented with HCV genotype 2 and compensated 
cirrhosis in 2015. He was evaluated and prescribed a 16-week 
therapy with sofosbuvir and daclatasvir in accordance with 
society guidelines at the time (HCVguidelines.org).9 Med-
icaid denied the PA multiple times. The patient was even-
tually granted approval for a shorter therapy of 12 weeks 
despite his physician’s explanation that the data supported 
a 16-week course. This patient did not achieve SVR despite 
reporting perfect adherence. His physician then prescribed 
a second regimen, this time requiring 24 weeks of DAAs. 
While he achieved SVR with this second regimen, his SVR 
was delayed, with an inflated cost for cure with two DAA 
regimens over 36 weeks. Following SVR, the patient was 
diagnosed with hepatocellular carcinoma (HCC). Chronic 
HCV infection is the leading cause of HCC in the U.S., while 
SVR reduces the risk for developing HCC. 

Case Example 2
A patient presenting with HCV in 2018 was approved for 
an 8-week regimen. Due to complex life challenges, the 
patient did not retrieve DAAs from the pharmacy nor ini-
tiate treatment. In 2020, this patient requested treatment 
with the same physician, who completed a new PA. The PA 
was denied, stating that documentation of prior HCV treat-
ment must be provided, even though the PA indicated no 
prior treatment. This denial was appealed on three separate 
occasions but no response from the payer has been received.

DISCUSSION 
We evaluated the DAA PA process for six RI payers. The pro-
cess entails several time-consuming administrative steps, 
including phone calls, faxes, and peer-to-peer clinical dis-
course. For PAs in general, beyond HCV antiviral therapy, 
U.S. physicians report spending an average of 14.9 hours per 
week, and 91% of physicians report delays to necessary care 
because of the time to complete PAs.10 Thirty-six percent of 
physicians have staff exclusively working on PAs.10 In one 
HCV-specific study, although one-quarter of patients were 

denied initial DAA approval, most prescriptions eventually 
were approved. Initial denials are often not medically justi-
fied and may serve as a deterrent.11

Several DAA PA requirements across multiple payers are 
gratuitous. These include an HCV RNA VL result within 90 
days of the PA request, specialty or preferred provider status, 
submission of post-treatment VL results, and treatment and 
monitoring of SUDs. Four payers require an HCV RNA VL 
or genotype result within 90 days of the PA request. Patients 
with years of documented viremia and recent genotyping, 
prescribed pan-genotypic regimens, are still forced to undergo 
inconvenient, costly, and redundant laboratory tests. Current 
evidence-based guidelines call for one HCV RNA VL any time 
before treatment initiation (HCVguidelines.org).9

No policy restricts non-specialists or non-preferred provid-
ers from prescribing DAAs in RI, yet all payers require pre-
scribers to state their specialty and/or status as a preferred 
provider. No differences in efficacy were found for non-spe-
cialist providers administering HCV treatment compared to 
specialist providers.12 Non-specialist or non-preferred pro-
viders may be confused by this inconsistency, potentially 
dissuading them from prescribing DAAs, discouraging the 
patient from seeking treatment, or leading to a referral to yet 
another physician who is considered a specialist or preferred 
provider. Each of these outcomes increases the potential for 
delayed treatment and cure. This may prolong the time of 
infectivity, contribute to patients dropping out of HCV care or 
being lost to follow-up, and impact morbidity and mortality.

Four payers also require DAA prescribers to agree to sub-
mit a post-treatment HCV RNA VL (SVR result), back to the 
payer. Physicians are not obligated to provide treatment out-
comes to payers for other diseases; this is particular to HCV. 
For example, prescribers do not have to provide back to payers 
non-detectable HIV VL data for antiretroviral prescriptions, 
nor hemoglobin A1C data for diabetes medications. Sharing 
patient’s SVR data with payers is unwarranted.

Other PA requirements impede HCV cure. ADAP requests 
that patients with SUDs sign a contract, as well as partici-
pate in a clinician-monitored treatment program or demon-
strate six months of pre-treatment abstinence. A large body 
of evidence demonstrates that DAA treatment in people with 
SUDs leads to SVR rates comparable to those without SUDs 
and that there is not justification for pre-treatment sobri-
ety.9,13-14 Also, a patient’s weight and ethnicity are unnecessary 
for DAA prescription.

Non-invasive assessments of liver fibrosis estimate the pres-
ence of advanced fibrosis. Non-invasive markers do not pre-
cisely differentiate Meta-Analysis of Histologic Data in Viral 
Hepatitis (METAVIR) fibrosis stage (F) F0-F3. What is neces-
sary for selecting a DAA regimen is knowledge of whether the 
patient has cirrhosis or not, and whether cirrhotic patients are 
decompensated or not. This is highly dependent on clinical 
presentation and clinical diagnosis. BCBS of RI requires both 
aspartate aminotransferase to platelet ratio index (APRI) and 
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a high-priced Fibrosure test for DAA approval (even for young 
patients with incident infection without fibrosis). Addition-
ally, the PA forms may encourage prescribers to order elas-
tography when it is not medically indicated or to assume that 
elastography is a requirement for prescribing antiviral therapy.

Even after PA approval, care teams and patients face access 
and communication hurdles. UHC’s preferred pharmacy, 
BriovaRx, requires a patient’s address to ship approved med-
ications, and does not follow up with patients when deliv-
ery concerns arise. These requirements hinder treatment for 
homeless adults, of whom approximately 44% are HCV-in-
fected.15 BriovaRx’s limited contact options and poor com-
munication further diverts staff time away from navigating 
patients to cure.

States should collaborate on system-level strategies to 
reduce barriers to care, such as PAs, to advance U.S. HCV 
elimination goals.16 Some states, such as Washington, have 
successfully removed PAs for DAAs for most eligible patients 
prescribed glecaprevir/pibrentasvir.17

CONCLUSION 

In RI, HCV elimination has been impeded in part due to 
the time-intensive, multi-step DAA PA process, differing 
across payers. Delaying HCV elimination, especially in the 
transmitting population, increases risks to the community, 
and increases costs to detect, treat, and monitor more peo-
ple. Action from legislators and healthcare officials is indi-
cated. PAs for DAAs should be standardized, streamlined 
or removed to increase access to safe, efficacious, and cost- 
effective medications.
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