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Hepatitis C Infection  
for Primary Care Providers

Hepatitis C virus (HCV) can cause both acute and chronic hepatitis. Most 
people are asymptomatic, but for the majority of patients who become infected 
with hepatitis C, it becomes a long-term, chronic infection. The best way to pre-
vent hepatitis C is by avoiding behaviors that can spread the disease, especially 
injection drug use, as there is no vaccine for HCV. With the forefront of direct-
acting antiviral (DAA) agents, people can now be cured from HCV infection.

Pathogenesis and Genotypes
Hepatitis C virus is a spherical, enveloped, positive-strand RNA virus that 

belongs to the family of flaviviruses. The natural targets of HCV are hepato-
cytes and, possibly, B lymphocytes. Virus replication occurs through an RNA-
dependent RNA polymerase that lacks a “proofreading” function, resulting in 
the rapid evolution of diverse but related quasispecies within an infected person. 
This presents a major challenge with respect to immune-mediated control of 
HCV.1,2 

In 1989, the virus was identified as the major etiological agent responsible for 
post-transfusion non-A and non-B hepatitis.3-6 The natural history of HCV 
infection has been difficult to assess because of the commonly silent onset of 
the acute phase, as well as the frequent lack of symptoms during the early stages 
of chronic infection. Approximately 5-30% of chronically infected individuals 
develop cirrhosis over a 20- to 30-year period of time. Following primary HCV 
infection, persistent viremia and chronic hepatitis develop in the majority of 
cases.7 With time, patients are at risk of developing progressive hepatic fibrosis, 
cirrhosis, and death from liver failure, as well as the advent of hepatocellular car-
cinoma (HCC).9 In the majority of patients, acute infection progresses to chronic 
infection, and spontaneous clearance of viremia once chronic infection has been 
recognized is rare. It is estimated that cirrhosis will develop in 15-20% of those 
infected, which can lead to decompensation and possibly even death. Once cir-
rhosis is established, the risk of HCC is about 1-4% per year. HCC can occur 
in patients without cirrhosis, but most often the majority of patients will have at 
least advanced fibrosis.1 

Six distinct but related HCV genotypes (GTs) and multiple subtypes have been 
identified on the basis of molecular relatedness that has geographic variation. (See 
Figure 1.) In the United States and Western Europe GTs 1a and 1b are most 
common, followed by GTs 2 and 3. GT 4 commonly is found in Egypt, GT 5 in 
South Africa, and GT 6 in Southeast Asia.8 Knowledge of the GT is important 
because it has predictive value in terms of the response to antiviral therapy.1 
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EXECUTIVE SUMMARY
 z Hepatitis C infection affects 170 million persons globally, and 

almost 500,000 persons were estimated to have died from 
HCV-related liver disease in 2010. An estimated 2.2 million 
to 3.2 million persons in the United States are chronically 
infected with hepatitis C virus.

 z Continuous inflammatory activity in the liver may lead to 
hepatic fibrosis, which eventually may progress to cirrhosis, 
putting patients at risk for hepatic decompensation and 
hepatocellular carcinoma. 

 z The Centers for Disease Control and Prevention recommends 
testing patients born between 1945 and 1965, as well as 
those with risk factors or known exposure. Testing should be 
initiated with anti-HCV. For those with reactive test results, the 
anti-HCV test should be followed with an HCV RNA.

 z Chronic hepatitis C infection is still the leading indication for 
liver transplantation in the Western world.

 z The discovery of oral direct-acting antivirals has 
revolutionized treatment for chronic hepatitis C infection.

Epidemiology
Hepatitis C infection affects 170 

million persons worldwide, and an 
estimated 2.2 million to 3.2 million 
persons in the United States are infected 
chronically with HCV.1,10 (See Figure 2.) 
However, these numbers most likely are 
even higher, given that most studies of 
prevalence use blood donors to report the 
frequency of HCV and many patients 
are unaware they are living with HCV. 
In the United States, the number of new 
annual HCV infections has been rather 
stable at approximately 17,000 per year 
in the past decade, but the number of 
annual new infections in recent years is 
markedly lower than during the 1980s, 
when an estimated 230,000 persons were 
newly infected with HCV each year.11

Persons with HCV infection have 
all-cause mortality greater than twice 
that of HCV-negative persons. In the 
United States, the number of annual 
deaths related to hepatitis C recently 
has increased substantially, with HCV 
being the cause of death or contributing 
cause of death in approximately 15,000 
people per year. (See Table 1.) In 2007, 
the number of deaths related to hepatitis 
C had surpassed those related to human 
immunodeficiency virus-1 (HIV). The 
number of hepatitis C related deaths is at 
least eight-fold greater than the number 
of deaths related to hepatitis B. Among 
the HCV-related deaths in recent years, 
more than 70% have involved persons 45 
to 64 years of age.12

It is projected that 1.76 million people 
with chronic untreated HCV infection 
will progress to cirrhosis during the next 

40 to 50 years. The predicted incidence 
peak of end-stage liver disease (ESLD) 
will rise in 2030, with about 38,600 cases 
per year. The prevalence with ESLD also 
is anticipated to peak in 2030, with an 
estimated 131,300 persons living with 
ESLD. Transplants are expected to peak 
in 2032 to 2033 at a level of 3,200 HCV-
related transplants per year.13

Risk Factors and 
Prevention

Prevention should target those at risk 
of acquiring the virus and involve provid-
ing education, risk reduction counseling, 
HCV screening, and substance abuse 
treatment. The primary care physician 
also should offer counseling on treat-
ment, reducing alcohol usage, and 
immunizing with hepatitis A, hepatitis 
B, pneumococcal, and influenza vac-
cines.14-16 HCV-infected persons must 

be informed of the precautions needed 
to avoid exposing others to infected 
blood, as this is the primary mode of 
HCV transmission. This is particularly 
important for persons who use injection 
drugs, given that HCV transmission in 
this population primarily results from 
the sharing of needles and other infected 
instruments. Recently, epidemics of 
acute HCV due to sexual transmission 
in HIV-infected men who have sex with 
men have also been described.14

HCV is not spread by sneezing, hug-
ging, holding hands, coughing, or sharing 
eating utensils or drinking glasses, nor 
is it transmitted through food or water. 
However, persons with HCV infection 
should be counseled to avoid sharing 
toothbrushes and dental or shaving 
equipment and be cautioned to cover any 
bleeding wound to prevent the possibility 
of others coming into contact with their 

Figure 1. HCV Genotype by Geographic Location9 
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blood. Household surfaces and imple-
ments contaminated with visible blood 
from an HCV-infected person should 
be cleaned using a dilution of one part 
household bleach to nine parts water.14

High Prevalence Groups
Risk-based testing may not be optimal 

for many reasons. Several individuals 
with HCV infection are not aware nor 
report having specific risk factors for 
HCV infection.17,18 In an analysis of data 
from a national health survey, 45% of 
individuals with evidence of HCV infec-
tion reported no known exposure risk.17 
In addition, even among individuals who 

have high risk exposure to HCV, many 
remain untested, as demonstrated by a 
study in which 72% of 1,033 injection 
drug users who had a reactive HCV 
antibody test when tested during trial 
enrollment were previously unaware of 
their diagnosis. In another study within 
a managed care network that included 
more than 550,000 adults, only 29% of 
those who had at least one identifiable 
HCV risk factor underwent testing for 
HCV.19

Surveillance data have suggested 
that individuals born between 1945 
and 1965 in the United States reflect a 

disproportionate percentage of the total 
population of adults chronically infected 
with HCV. In a study of NHANES 
data from 2003 to 2010, persons born 
between 1945 and 1964 accounted for 
81% of the total estimated population 
of chronically HCV-infected adults.20-22 
The prevalence of HCV RNA positivity 
among individuals in this birth cohort is 
estimated at 2.6%, six times higher than 
individuals born in other years. Hence, 
performing routine screening on patients 
born within these two decades, regardless 
of the presence of risk factors, will target 
a significant proportion of the chronically 
infected HCV population in the United 
States.23-25 In a study involving more than 
4,700 patients presenting to an emer-
gency department in Maryland, antibody 
testing of excess blood samples identified 
204 patients with undocumented HCV 
infection.24 Of those, 26% would have 
been identified by risk-based testing (his-
tory of injection drug use or HIV infec-
tion), whereas an additional 49% would 
have been identified by screening based 
on birth between 1945 and 1965.

HIV-infected Individuals. Because of 
mutual routes of transmission, coinfec-
tion with HIV and HCV is common, 
and the prevalence of HCV among 
HIV-infected patients is greater than 
that in the general population. In con-
trast to the low potential of sexual trans-
mission of HCV in general, increasing 
evidence has shown a substantial risk 
of sexual transmission of HCV among 
HIV-infected men who have sex with 
men. In addition, coinfection is associ-
ated with higher rates of fibrosis progres-
sion, decompensated liver disease, and 
liver-related morbidity and mortality 
compared with infection with HCV 
alone.

Dialysis Patients. Historically, the 
prevalence of HCV among patients 
undergoing hemodialysis has been 
higher than that in the general popula-
tion, although the incidence is thought to 
be decreasing. 

Incarcerated Individuals. In the 
United States, an estimated 16-41% 
of inmates have serological evidence 
of HCV exposure and 12-35% have 
chronic infection.26,27 Thus, some 

Table 1. Prevalence of Hepatitis C

Reported New Cases of HCV

2005 2006 2007 2008 2009 2010 2011 2012 2013

694 802 849 878 781 853 1,230 1,778 2,138

Estimated Actual New Cases of HCV

2011 (estimated) 2012 (estimated) 2013 (estimated)

16,500 (7,200-43,400) 24,700 (19,600–84,400) 29,700 (23,500–101,400)

Estimated Number of Chronic Cases 
in the United States

Number of Death Certificates  
Listing HCV as Cause

2.7–3.9 million 2010 2011 2012 2013

16,627* 17,721* 18,650* 19,368*

* Current information indicates these represent a fraction of deaths attributable in whole or in part 
to chronic hepatitis C
Source: https://www.cdc.gov/hepatitis/statistics/.

Figure 2. Prevalence of Hepatitis C Globally

Source: Centers for Disease Control and Prevention.
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advocate routine screening for HCV in 
correctional facilities. Based on given 
information, the CDC has released 
recommendations for HCV testing. (See 
Table 2.)

Clinical Manifestations
The majority of persons have no symp-

toms or only mild symptoms, which 
can occur within 7-8 weeks (range 2-26 
weeks) after exposure to HCV. Among 
those who have symptoms, the most 
frequent complaint is fatigue. Other less 
common manifestations include myalgia, 
arthralgia, nausea, anorexia, and weight 
loss. The symptoms are rarely debilitat-
ing and may be difficult to attribute to 
liver disease itself (i.e., depression); nev-
ertheless, they may lead to a decrease in 
the quality of life, which in part may be 
accounted for by awareness of infection 
and can improve following treatment 
success.1 

A number of extrahepatic diseases 
have been associated with chronic 
HCV infection. Most cases appear to 
be directly related to the viral infection. 
These include:

• hematologic diseases, such as essen-
tial mixed cryoglobulinemia and 
lymphoma;
• renal disease, particularly membrano-
proliferative glomerulonephritis;
• autoimmune disorders, such as 
thyroiditis and the presence of 
autoantibodies;
• dermatologic conditions, such as por-
phyria cutanea tarda and lichen planus; 
and 
• diabetes mellitus.
Once patients develop cirrhosis, they 

are at risk for developing decompensa-
tion. Hepatic decompensation is char-
acterized by the development of certain 
liver-related complications, including 
ascites, variceal bleeding, and encepha-
lopathy. In patients with chronic HCV 
infection, jaundice is almost always a 
sign of advanced liver disease. Almost 
all HCV-infected patients who develop 
these complications have cirrhosis; 
however, not all patients with cirrhosis 
develop these complications. 

Diagnosis
Two major types of tests are used to 

diagnose HCV: IgG assays for HCV 
antibodies and nucleic acid amplification 
testing to detect HCV RNA in blood. 
There are no available assays for IgM to 
detect early or acute infection. About 
75-85% of patients who seroconvert to 
anti-HCV, indicative of acute infection, 
will progress to chronic infection and will 
develop detectable viremia. As a positive 
HCV antibody test cannot discriminate 
between someone who was infected 
previously with clearing of the infection 
and someone with current infection, it 
is pivotal that HCV RNA testing fol-
lowing a positive HCV antibody test be 
performed to assess current HCV infec-
tion. False-negative antibody test results, 
while uncommon, may occur early in 
acute infection, commonly in the initial 
15 weeks after exposure and infection.14

A positive test result for anti-HCV 
indicates either active HCV infection 
(acute or chronic), past infection that has 
resolved, or a false-positive test result. 
Therefore, an HCV nucleic acid test to 
detect viremia can confirm current HCV 
infection and guide clinical manage-
ment, including initiation of HCV treat-
ment. HCV RNA testing also should 
be performed in patients with a negative 
anti-HCV test who are either immu-
nocompromised (i.e., persons receiving 
chronic hemodialysis) or who might 
have been exposed to HCV within the 
last six months because these patients 
may be anti-HCV negative. An HCV 
RNA test also is required to detect rein-
fection in anti-HCV–positive persons 

after previous spontaneous or treatment-
related viral clearance.1 

Factors Associated with 
Disease Progression

Several factors appear to be essential 
determinants of fibrosis progression 
in HCV-infected patients, includ-
ing baseline liver histology, age, ethnic 
background, gender, alcohol intake, 
comorbidities such as obesity or viral 
coinfection, and HCV-specific cellular 
immune response. As an example, young 
women and children infected with HCV 
tend to have slower rates of fibrosis 
progression. Patients with mild inflam-
mation (portal inflammation alone or 
with only focal periportal extension) and 
no fibrosis had only a 1.2% annual risk 
of progressing to cirrhosis. Patients with 
moderate chronic hepatitis (periportal 
inflammation usually involving more 
than 30% of the limiting plate) had 
an increased annual risk of developing 
cirrhosis of 4.6%, and more than 90% 
developed cirrhosis within 20 years of 
the time of the biopsy. Nearly all patients 
with severe inflammation or bridging 
fibrosis developed cirrhosis within 10 
years.28,29 

The daily consumption of more than 
50 grams of alcohol has a high probabil-
ity of worsening fibrosis. Some studies 
have suggested that daily consumption 
of smaller amounts of alcohol also has 
a negative effect on the liver; however, 
these data are controversial. Excess 
alcohol intake also has been shown to 
cause steatohepatitis.30 Persons identified 

Table 2. CDC Recommendations for HCV Testing

Recommendations for HCV Testing

• One-time HCV testing is recommended for persons born between 1945 and 1965, 
without prior ascertainment of risk. Testing should be initiated with anti-HCV antibody. 
For those with reactive test results, the anti-HCV test should be followed with an HCV 
RNA.

• Other persons should be screened for risk factors for HCV infection, and one-time 
testing should be performed for all persons with behaviors, exposures, and conditions 
associated with an increased risk of HCV infection.

Recommendation for HCV Testing Those with Ongoing Risk Factors

• Annual HCV testing is recommended for persons who inject drugs and for HIV-
seropositive men who have unprotected sex with men. Periodic testing should be 
offered to other persons with ongoing risk factors for exposure and risk of acquiring 
HCV.
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as abusing alcohol and having alcohol 
dependence require treatment and con-
sideration for referral to an addiction 
specialist.

Hepatitis B virus and HIV coinfection 
have been associated with poorer prog-
nosis of HCV in cohort studies. Because 
of overlapping risk factors for these 
infections and additional benefits of their 
diagnosis and treatment, persons with 
HCV should be tested for HIV antibody 
and hepatitis B surface antigen (HBsAg) 
using standard assays for screening, and 
should be counseled on how to decrease 
their risk of acquiring these infections, 
including through hepatitis B virus 
vaccination.14

Patients who are obese and have com-
ponents of metabolic syndrome have 
underlying insulin resistance and are 
more prone to have nonalcoholic fatty 
liver disease, which is a risk factor for 
fibrosis progression in HCV-infected 
persons. Therefore, HCV-infected 
persons who are overweight or obese 
(defined by a body mass index that is  
≥ 25 kg/m2 or ≥ 30 kg/m2, respectively) 
should be counseled regarding strategies 
to reduce weight and improve insulin 
resistance via diet, exercise, and medical 
therapies. Patients with HCV infection 
and hyperlipidemia or cardiovascular 
comorbidities also may benefit from 
various lipid-lowering drugs. Prospective 
studies have illustrated the safety and 
efficacy of statins in patients with chronic 
HCV and others with compensated 
chronic liver disease.31 Therefore, these 
agents should not be withheld in HCV-
infected patients.

The Model for End-Stage Liver dis-
ease (MELD) is a scoring system for 
assessing the severity of chronic liver 
disease. It was developed initially to 
predict mortality within three months of 
surgery in patients who had undergone 
a transjugular intrahepatic portosystemic 
shunt procedure, and was subsequently 
found to be useful in determining prog-
nosis and prioritizing for receipt of a liver 
transplant. This score is now used by the 
United Network for Organ Sharing and 
Eurotransplant for prioritizing allocation 
of liver transplants.32 The score is calcu-
lated by:

MELD = 3.78 × ln [serum bilirubin 
(mg/dL)] + 11.2 × ln[INR] + 9.57 × 
ln[serum creatinine (mg/dL)] + 6.43.

Methods of Assessing 
Liver Fibrosis

Indirect markers of hepatic fibrosis 
include serologic biochemical tests that 
reflect alterations in hepatic function but 
do not directly reflect extracellular matrix 
metabolism. These markers include 
serum aminotransferase levels, platelet 
count, coagulation parameters, gamma-
glutamyl transferase (GGT), total 
bilirubin, alpha-2-macroglobulin, and 
alpha-2-globulin (haptoglobin). They 
have been combined into serologic panels 
to predict the presence of hepatic fibrosis. 

AST to platelet ratio index (APRI): 
The APRI is based on the AST level 
(AST divided by upper limit of normal) 
and platelet count (AST elevation/plate-
let) x 100. A meta-analysis of 40 studies 
found that for predicting significant 
fibrosis (F2 to F4), an APRI cutoff of 0.7 
had a sensitivity of 77% and a specificity 
of 72 %. For predicting cirrhosis (F4), an 
APRI cutoff of 1.0 had a sensitivity of 
76% and a specificity of 72%.33

FibroTest and FibroSure: FibroTest 
and FibroSure are identical proprietary 
serum tests marketed under different 
names in Europe and America, respec-
tively. It involves the assessment of 
alpha-2-macroglobuin, alpha-2-globulin 
(haptoglobin), gamma globulin, apoli-
poprotein A1, GGT, and total bilirubin. 
It also takes into account the patient’s 
age and sex. Results from the assays are 
combined and used to classify patients 
as having mild fibrosis (F0 to F1), sig-
nificant fibrosis (F2 to F4), or an inde-
terminate stage of fibrosis. Sensitivities 
for significant fibrosis are approximately 
60-75% and the specificity is about 
80-90%, respectively.34

Fibroscan: Fibroscan or transient 
elastography measures liver stiffness and 
is a technique for noninvasively assessing 
hepatic fibrosis. Overall, for diagnosing 
significant fibrosis, it has an estimated 
sensitivity of 70% and an estimated 
specificity of 84%. For diagnosing cirrho-
sis, the sensitivity and specificity are esti-
mated to be 87% and 91%, respectively.35 

Treatment
Successful hepatitis C treatment is 

now achievable in nearly all infected 
patients and is reflected by a sustained 
virological response (SVR), defined as 
the continued absence of detectable 
HCV RNA for 12 weeks after comple-
tion of therapy.36 An SVR is associated 
with a 99% chance of being HCV RNA 
negative during long-term follow-up, 
and, therefore, patients can be considered 
cured of the HCV infection.37 Patients 
who are cured of their HCV infection 
experience numerous health benefits, 
including a decrease in liver inflamma-
tion, regression of fibrosis, and for some 
even resolution of cirrhosis.38 An SVR 
is associated with a more than 70% 
reduction in the risk of HCC and a 90% 
reduction in the risk of liver-related mor-
tality and liver transplantation.39-41

In the past, drug therapy with peg-
interferon (PEG-IFN) and ribavirin 
(RBV) resulted in low overall cure 
rates and early discontinuation due to 
adverse reactions. The new DAAs offer 
not only a shorter duration of treatment 
with fewer adverse reactions, but greatly 
improved overall cure rates as high as 
96%.42 DAA therapy refers to pharma-
cological targets that specifically inhibit 
hepatitis C viral proteins. Identification 
of the four structural and six nonstruc-
tural proteins of HCV was possible 
only after the HCV RNA genome was 
sequenced. DAAs target the specific 
nonstructural components of HCV 
such as the NS3-4A (serine protease 
and cofactor), the NS5A (replication 
complex), and NS5B (RNA-dependent 
RNA polymerase). Combinations of two 
or more of these drugs have been shown 
to be highly effective in curing > 90% of 
patients to achieve and maintain SVR 
across all GTs.43

The RNA polymerase NS5B does 
not have proofreading capability, and 
therefore, sequence diversity in the 
HCV genome exists at all times, even 
within individual patients. As a result, 
the first-generation DAAs, the NS3-4A 
protease inhibitors, telaprevir (TPV) 
and boceprevir (BOC), were ineffective 
as monotherapy due to naturally occur-
ring drug resistance mutations also called 
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resistance associated variants (RAVs) 
and required coadministration with 
PEG-IFN and RBV. Another example, 
simeprevir (SMV), a once-daily NS3-4A 
inhibitor is not recommended for GT 1a 
patients who harbor the baseline Q80K 
resistance mutation. Sofosbuvir (SOF) 
circumvents this problem by targeting 
the catalytic site of the NS5B viral poly-
merase, thereby profoundly diminishing 
viral replication directly.44,45 (See Tables 3 
and 4.)

The choice between combination 
regimens also depends primarily on the 
potential for drug interactions and drug 
toxicity. The product prescribing infor-
mation and other resources (i.e., http://
www.hep-druginteractions.org) should 
be referenced on a regular basis to ensure 
safety when prescribing DAA regimens. 

• Ribavirin is teratogenic, so two effec-
tive forms of contraception should be 
used by both men and women of child-
conceiving potential during treatment 
and six months after treatment with 
RBV-containing regimens.46 RBV also 
should be dosed according to weight 
and glomerular filtration rate (GFR). 
Complete blood counts (CBCs) should 
be followed on a routine basis due to the 
possibility of anemia.  

• Sofosbuvir is a substrate of 
P-glycoprotein, so should not be used 
with drugs that are potent P-gp inducers, 
such as rifampin and St. John’s wort. It 
also should not be used with amioda-
rone, as there have been reported cases of 
bradyarrhythmias.47 No clinically signifi-
cant viral mutations have been identified 
following the use of SOF. Sofosbuvir 
should not be used in patients with an 
estimated creatinine clearance < 30 mL/
min. 

• Dose adjustments of daclatasvir 
(DCV) are warranted with moderate 
CYP3A inducers and strong CYP3A 
inhibitors. 

• Simeprevir (SMV), elbasvir-grazo-
previr (EBR/GZR), and ombitasvir-
paritaprevir-ritonavir plus dasabuvir 
(OBV/PTV/r/DSV) are contraindicated 
in patients with Child-Pugh class B or C 
cirrhosis. (See Table 3.)

The safety profiles to date of all 
recommended regimens are excellent. 

Across numerous Phase III studies, less 
than 1% of patients without cirrhosis 
discontinued treatment early and adverse 

events were mild, usually consisting of 
mild fatigue and headache. Adequate 
water intake commonly alleviates these 

Table 3. Child Turcotte Pugh Classification of the Severity 
of Cirrhosis

Class A Class B Class C
Total Points 5-6 7-9 10-15

Factor 1 Point 2 Point 3 Point
Total bilirubin (mg/dL) < 2 2-3 > 3

Serum albumin(g/dL) > 3.5 2.8-3.5 < 2.8

Prothrombin time/INR < 1.7 < 1.71-2.30 > 2.30

Ascites None Mild Moderate to severe

Hepatic 
encephalopathy

None Grade I-II (or 
suppressed with 
medication)

Grade III-IV (or 
refractory)

Table 4. Generic, Trade Names, Respective Manufacturer 
of Commercially Available Direct-acting Antivirals

Generic Trade Name Pharmaceutical  
Company

Mechanism  
of Action

Telaprevir (TPV) Incivek/Incivo Vertex Pharmaceuticals NS3-4A protease inhibitor

Boceprevir (BOC) Victrelis Merck NS3-4A protease inhibitor

Simeprevir (SMV) Olysio/Sovriad Janssen Pharmaceutica NS3-4A protease inhibitor

Paritaprevir (PTV) Abbott Laboratories NS3-4A protease inhibitor

Grazoprevir 
(GZR)

Merck NS3-4A protease inhibitor

Ledipasvir (LDV) Gilead Sciences NS5A inhibitor

Daclatasvir (DCV) Daklinza Bristol-Myers Squibb NS5A inhibitor

Ombitasvir (OBV) Abbvie NS5A inhibitor

Elbasvir (EBR) Merck NS5A inhibitor

Velpatasvir (VEL) Gilead Sciences NS5A inhibitor

Sofosbuvir (SOF) Sovaldi Gilead Sciences NS5B nucleos(t)ide 
polymerase inhibitor

Dasabuvir (DSV) Exviera 
(Europe)

Abbvie NS5B Non-nucleoside 
polymerase inhibitor

Ledipasvir/
sofosbuvir

Harvoni Gilead Sciences

Elbasvir/
grazoprevir

Zepatier Merck 

Ombitasvir, 
paritaprevir, 
ritonavir

Technivie/
Viekirax 
(Europe)

Abbvie

Ombitasvir, 
paritaprevir, 
ritonavir, 
dasabuvir

Viekira Pak/
Exviera 
(Europe)

Abbvie

Velpatasvir/
sofosbuvir

Epclusa Gilead Sciences

http://www.hep-druginteractions.org
http://www.hep-druginteractions.org
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symptoms. Most adverse events occurred 
in treatment regimens that included 
RBV, which may account for anemia in 
up to 10%.37

Genotype 1
The treatment armamentarium for 

patients with GT 1 chronic HCV 
infection has changed drastically in 
recent years. Historically, GT 1 HCV 
infection has been considered the most 
difficult to treat compared to the other 
hepatitis C GTs. From 1998 to 2013, 
therapy evolved from IFN monotherapy, 

to PEG-IFN monotherapy, to PEG-
IFN plus RBV, to triple therapy with 
PEG-IFN plus RBV plus an NS3A/4A 
protease inhibitor (BOC or TPV). In 
late 2013 and most of 2014, the stan-
dard of care for initial therapy of GT 1 
consisted of PEG-IFN plus RBV plus 

Table 5. Treatment Options for Genotype 1a and 1b Treatment-naive HCV Patients

Genotype 1a

Cirrhosis

Compensated

SOF/VEL x 12 weeks (Class I, Level A)
SOF/LDV x 12 weeks (Class I, Level A)
EBR/GZR  x 12 weeks (Class I, Level A)
EBR/GZR + RBV x 16 weeks(NS5A polymorphism present) 
(Class IIa, Level B)
SOF + SMV ± RBV x 24 weeks (Class IIa, Level B)
OBV/PTV/r/DSV + RBV x 24 weeks (Class I, Level A)
DCV + SOF ± RBV x 24 weeks (Class IIa, Level B) 

Decompensated

Anemia or RBV 
intolerance

SOF/VEL x 24 weeks (Class I, Level A)
DCV + SOF x 24 weeks (Class II, Level C)
LDV/SOF x 24 weeks (Class II, Level C)

No anemia SOF/VEL + RBV x 12 weeks (Class I, Level A)
LDV/SOF + RBV x 12 weeks (Class I, level A)
DCV + SOF + RBV x 12 weeks (Class I, level B)

No Cirrhosis

Compensated

SOF/VEL x 12 weeks (Class I, Level A)
LDV/SOF x 12 weeks (Class I, Level A)
OBV/PTV/r/DSV x 12 weeks (Class I, Level A)
EBR/GZR x 12 weeks (Class I, Level A)
DCV + SOF x 12 weeks (Class IIa, Level B)
SOF + SMV ± RBV x 24 weeks (Class IIa, Level B)

Decompensated

Anemia or RBV 
intolerance

SOF/VEL x 24 weeks (Class I, Level A)
DCV + SOF x 24 weeks (Class II, Level C)
LDV/SOF x 24 weeks (Class II, Level C)

No anemia SOF/VEL + RBV x 12 weeks (Class I, Level A)
LDV/SOF + RBV x 12 weeks (Class I, Level A)
DCV + SOF + RBV x 12 weeks (Class I, Level B)

Genotype 1b

Cirrhosis

Compensated

SOF/VEL x 12 weeks (Class I, Level A)
LDV/SOF x 12 weeks (Class I, Level A)
OBV/PTV/r/DSV x 12 weeks (Class I, Level A)
EBR/GZR x 12 weeks (Class I, Level A)
DCV + SOF x 12 weeks (Class IIa, Level B)
SOF + SMV ± RBV x 24 weeks (Class IIa, Level B)

Decompensated

Anemia or RBV 
intolerance

SOF/VEL x 24 weeks (Class I, Level A)
DCV + SOF x 24 weeks (Class II, Level C)
LDV/SOF x 24 weeks (Class II, Level C) 

No anemia SOF/VEL + RBV x 12 weeks (Class I, Level A)
LDV/SOF + RBV x 12 weeks (Class I, Level A)
DCV + SOF + RBV x 12 weeks (Class I, Level B)

No Cirrhosis

SOF/VEL x 12 weeks (Class I, Level A)
LDV/SOF x 12 weeks (Class I, Level A)
SOF + SMV x 12 weeks (Class I, Level A)
OBV/PTV/r/DSV x 12 weeks (Class I, Level A)
EBR/GZR x 12 weeks (Class I, Level A)
DCV + SOF x 12 weeks (Class I, Level B) 
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either SOF or SMV. Since 2015, the 
standard of care for GT 1 has consisted 
of all-oral therapy with a combination 
of DAAs.37 Currently, six highly potent 
DAA oral combination regimens are 
now recommended for patients with 
HCV GT 1 infection with SVR 12 
rates exceeding 90%. (See Table 5.) The 
regimen may differ (i.e., duration and 
need to add RBV) based on key patient 
characteristics, which include treatment 
history, presence of cirrhosis, subtype, 
and presence of certain pre-existing 
RAVs. Approximately 10-15% of HCV 
GT 1-infected patients without prior 
exposure to NS5A inhibitors will have 
detectable HCV NS5A RAVs at the 
population level prior to treatment. 
These RAVs may cause a large reduction 
in the activity of NS5A inhibitors (more 
than five-fold), which can adversely 
affect response to NS5A-containing 
regimens.48,49 Given that the NS5A 
RAVs are one of the strongest pre-treat-
ment predictors of treatment outcomes 
with certain regimens, testing for these 
RAVs prior to deciding on a therapeutic 
course is now recommended in select 
situations.50 

For instance, when considering the 
use of EBR/GZR, pre-treatment NS5A 
resistance testing is recommended for 
patients with HCV GT 1a to detect the 
presence of virus with NS5A resistance- 
RAVs at the amino acid positions M28, 
Q30, L31, or Y93.50,51 The presence of 

one or more of these high-fold change 
RAVs requires the addition of RBV to 
the regimen and extending the course of 
EBR/GZR to 16 weeks.52 When con-
sidering the use of SMV plus SOF in 
patients with GT 1a and compensated 
cirrhosis, baseline NS3/4A resistance 
testing should be performed to deter-
mine whether the Q80K mutation is 
present; in this situation, SMV plus 
SOF should only be used in patients 
in whom no Q80K polymorphism is 
detected.53

For initial therapy of treatment-naive 
genotype 1a patients with compensated 
cirrhosis, three 12-week regimens with 
similar efficacy are recommended in the 
American Association for the Study of 
Liver Diseases (AASLD) guidelines: 
1) EBR/GZR; 2) ledipasvir-sofosbuvir 
(LDV/SOF); and 3) sofosbuvir-velpa-
tasvir (SOF/VEL).37

For retreatment of patients with GT 
1a who have failed therapy previously 
with PEG-IFN and RBV, the same 
12-week regimens are used as for initial 
treatment in GT 1a patients without 
cirrhosis. For retreatment of GT 1a 
patients with compensated cirrhosis, 
the recommended regimens are also the 
same as with initial treatment and com-
pensated cirrhosis.

For initial therapy of treatment-naive 
GT 1b patients without cirrhosis, the 
same 12-week regimens are used as for 
GT 1a without cirrhosis, but with the 

following exceptions: a) baseline resis-
tance testing is not required for GT 1b 
patients treated with EBR/GZR, since 
treatment of HCV GT 1b with EBR/
GZR is not significantly impacted by 
baseline NS5A RAVs;51 and b) for treat-
ment of GT 1b, RBV is not added to 
the regimen OBV/PTV/r/DSV.54

For retreatment of patients with GT 
1b who previously failed therapy with 
PEG-IFN and RBV, the same 12-week 
regimens are used as for initial treatment 
in GT 1b patients without cirrhosis. 
For retreatment of GT 1b patients 
with compensated cirrhosis, the recom-
mended regimens are: 1) EBR/GZR; 
2) LDV/SOF plus RBV for 12 weeks; 
3) OBV/PTV/r/DSV for 12 weeks; and 
4) SOF/VEL for 12 weeks.37

In patients with GT 1a or 1b infec-
tion who previously failed SOF plus 
RBV, with or without PEG-IFN, the 
recommended regimen is LDV/SOF 
plus RBV; the duration of therapy is 12 
weeks without cirrhosis and 24 weeks 
with compensated cirrhosis.55

Genotypes 2 and 3
In the past, treatment of GT 2 infec-

tion achieved higher SVR rates than 
with GT 1 infection, even with a shorter 
duration of therapy and lower doses of 
RBV. Prior to the availability of DAAs, 
the standard of care for treatment-naive 
patients with GT 2 hepatitis C con-
sisted of a 24-week course of PEG-IFN 

Table 6. Treatment Options for Genotype 2 and 3 Treatment-naive HCV Patients

Genotype 2

Cirrhosis
Compensated SOF/VEL x 12 weeks (Class I, Level A)

DCV + SOF x 16 or 24 weeks (Class IIa, Level B)

Decompensated SOF/VEL + RBV x 12 weeks (Class I, Level A)
DCV + SOF + RBV x 12 weeks (Class II, Level B)

No Cirrhosis SOF/VEL x 12 weeks (Class I, Level A)
DCV + SOF x 12 weeks (Class IIa, Level B)

Genotype 3

Cirrhosis
Compensated SOF/VEL x 12 weeks (Class I, Level A)

DCV + SOF ± RBV x 24 weeks (Class IIa, Level B)

Decompensated SOF/VEL + RBV x 12 weeks (Class I, Level A)
DCV + SOF + RBV x 12 weeks (Class II, Level B)

No Cirrhosis DCV + SOF x 12 weeks (Class I, Level A)
SOF/VEL x 12 weeks (Class I, Level A)
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plus fixed-dose RBV, with SVR rates 
ranging from 75-85%.56 In 2013, the 
FDA approved a 12-week course with 
the all-oral regimen of SOF plus RBV 
for the treatment of GT 2 infection 
based on data from several studies show-
ing SVR rates of about 95% with this 
regimen.57 Several trials reported SVR 
rates of more than 90% with DCV plus 
SOF, thereby providing an RBV-free 
option for patients unable to tolerate 
RBV.58 Recently, SVR rates greater than 
99% have been observed with a 12-week 
course of SOF/VEL, making this the 
preferred regimen for the treatment of 
patients with GT 2 HCV.59 (See Table 
6.)

The recommended regimen for initial 
treatment of HCV GT 2 in patients 
without cirrhosis consists of SOF/VEL 
for 12 weeks with the alternative being 
DCV plus SOF for 12 weeks. Both of 
these regimens typically have SVR12 
rates greater than 90%.37

For initial treatment of GT 2 patients 
with compensated cirrhosis, the recom-
mended regimen is SOF/VEL for 12 
weeks; the alternative, DCV plus SOF, 
should be given for 16-24 weeks.37

For the retreatment of GT 2 patients, 
with or without compensated cirrhosis, 
the recommended and alternative regi-
mens are the same as for initial therapy 
of GT 2.58

For retreatment of GT 2 patients 
who previously failed therapy with SOF 
plus RBV, the recommended regimens 
with equal rating are: 1) DCV plus SOF 
(with or without RBV) for 24 weeks, or 
2) SOF/VEL plus RBV for 12 weeks; 
the same regimens are used with or 
without compensated cirrhosis.60

Clinical trials involving patients with 
GT 2 or 3 infection have examined 
the efficacy of SOF plus weight-based 
RBV given for 12-16 weeks and have 
reported substantially lower SVR rates 
(30-60%) in patients with GT 3 than 
with GT 2 infection.61 The relatively 
lower SVR rates with GT 3 were 
improved by using a 12-week course 
of SOF plus RBV plus PEG-IFN, or 
extending the all-oral SOF plus RBV 
regimen to 24 weeks.57 The dual DAA 
combination of DCV plus SOF proved 

more efficacious than SOF plus RBV 
combination, but required a longer dura-
tion (16 or 24 weeks) in cirrhotic GT 
3 patients; the role of RBV remained 
unclear when duration was extended.62,63 
Most recently, SOF/VEL has demon-
strated SVR rates of approximately 95% 
in non-cirrhotic, treatment-naive GT 3 
patients, and of about 80% or greater in 
those with compensated cirrhosis.59,64

For treatment-naive GT 3 patients 
without cirrhosis, two regimens are 
recommended with similar efficacy: 
1) DCV plus SOF for 12 weeks, or 2) 
SOF/VEL for 12 weeks.59,62

For treatment-naive GT 3 patients 
with compensated cirrhosis, two regi-
mens are recommended: 1) SOF/VEL 
for 12 weeks, or 2) DCV plus SOF, with 
or without RBV for 24 weeks. Baseline 
NS5A GT 3 resistance testing should be 
performed, and RBV should be added 
to SOF/VEL or SOF plus DCV if the 
Y93H mutation is detected.59,62 

For treatment-experienced GT 3 
patients without cirrhosis, two regimens 
are recommended with similar effica-
cies: 1) DCV plus SOF for 12 weeks, 
or 2) SOF/VEL for 12 weeks. Baseline 
NS5A GT 3 resistance testing should 
be performed, and RBV should be 
added to DCV plus SOF or SOF/VEL 
if the Y93H mutation is detected. For 
treatment-experienced patients with 
compensated cirrhosis, two regimens are 
recommended: 1) SOF/VEL plus RBV 
for 12 weeks, or 2) DCV plus SOF plus 
RBV for 24 weeks. The SOF/VEL plus 
RBV has a higher rating and is much 
less expensive than DCV plus SOF plus 
RBV.60

The recommended regimen for GT 
3 treatment-experienced patients who 
have failed prior treatment with SOF 
consists of 1) DCV plus SOF plus RBV 
for 24 weeks, or 2) SOF/VEL plus RBV 
for 12 weeks.60

Genotype 4
Because of the low prevalence of 

GT 4 infection in the United States, 
relatively few patients with GT 4 have 
participated in clinical trials performed 
in the United States. In the past prior 
to availability of DAAs, available data 
suggested that treatment-naive GT 

4 patients who were treated with a 
48-week course of PEG-IFN plus 
RBV had SVR rates that ranged from 
43-70%, with even lower SVR rates in 
GT 4 patients with cirrhosis (25-30%).65 
Available data with newer all-oral regi-
mens in the treatment of GT 4 infection 
suggest SVR12 rates in treatment-naive 
patients are greater than 95%, similar to 
the excellent SVR rates seen with GT 1 
infection.

For initial therapy of GT 4 patients 
without cirrhosis, four 12-week regi-
mens are recommended regimens in the 
AASLD/Infectious Diseases Society of 
America (IDSA) guidance: 1) OBV/
PTV/r/DSV, 2) SOF/VEL, 3) EBR/
GZR,51 or 4) LDV/SOF. Among these 
four regimens, the OBV/PTV/r/DSV 
and the SOF/VEL have the highest 
efficacy.37

For retreatment of GT 4 patients 
without cirrhosis who previously failed 
therapy with PEG-IFN and RBV, the 
AASLD/IDSA recommends three 
regimens: 1) OBV/PTV/r/DSV for 12 
weeks,66 2) SOF/VEL for 12 weeks,67 
3) EBR/GZR for 12 weeks (with addi-
tion of RBV and extension to 16 weeks 
if the patient had prior on-treatment 
virologic failure,51 or 4) LDV/SOF for 
12 weeks.60 Among these four regimens, 
the OBV/PTV/r/DSV and the SOF/
VEL have had the highest success.

The recommended regimens and 
ratings for the retreatment of GT 4 
patients with compensated cirrhosis are 
the same as those for retreatment of GT 
4 patients without cirrhosis, except that 
RBV should be added to the LDV/SOF 
regimen.37

Genotypes 5 and 6
There are relatively few studies related 

to the optimal treatment regimen for 
patients with GT 5 or 6 chronic HCV 
infection, particularly for DAAs with 
these GTs. Previous studies in treat-
ment-naive patients with GT 5 infec-
tion that have examined the  
combination of IFN (either standard 
or PEG) with RBV for 48 weeks have 
reported SVR rates of approximately 
60-70%.68-70 Most studies that have 
looked into initial treatment of patients 
with GT 6 are observational and with 
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small sample sizes, reporting SVR rates 
of 70-80% with PEG-IFN plus RBV 
when given for 48 weeks (and only 
slightly lower when given for 24 weeks). 
Limited data with a 12-week course of 
either SOF/VEL or LDV/SOF suggest 
high SVR rates for initial therapy of GT 
5 or 6.71,72

Experience with treatment of GT 
5 or 6 in the United States is limited. 
Recommendations for initial treatment 
or retreatment are based on in vitro data 
and limited experience in clinical trials. 

The recommended regimen for initial 
treatment or retreatment of patients 
with GT 5 or 6 is a 12-week course of 1) 
SOF/VEL or 2) LDV/SOF; these rec-
ommendations are the same for patients 
without cirrhosis and with compensated 
cirrhosis.37 (See Table 7.)

Treatment Considerations 
in Specific Populations

Patients with Cirrhosis. Treatment 
of HCV in patients with compensated 
cirrhosis (Child-Turcotte-Pugh class 
A) is a high priority because of the risk
of developing severe liver-related com-
plications. For patients with hepatitis
C-related cirrhosis, treatment of hepati-
tis C is associated with significant rever-
sal in hepatic fibrosis and decreased risk
of developing HCC, especially when the
patient achieves an SVR with therapy.38

For patients with HCV and compen-
sated cirrhosis, the regimen choice and
duration is essentially the same as the
approach in patients without cirrhosis;
however, in certain circumstances for
patients with cirrhosis, the regimen
duration may need to be extended and

the addition of RBV may be indicated. 
With the use of new therapies, patients 
with hepatitis C and cirrhosis can have 
similar SVR 12 rates as those without 
cirrhosis, especially with adjustments 
in therapy duration when indicated.73 
Treatment regimen recommendations 
are included in Tables 5-7. 

Options are limited for patients with 
decompensated cirrhosis, and antiviral 
treatment should be undertaken only by 
an expert in the management of such 
patients, preferably at a transplant center. 
Patients with decompensated cirrhosis 
or a MELD score > 10 should be evalu-
ated for liver transplantation prior to 
initiation of HCV therapy. Patients with 
decompensated cirrhosis who are under-
going HCV antiviral therapy should 
have frequent clinical and laboratory 

Table 7. Treatment Options for Treatment-naive HCV Genotype 4, 5, and 6 Patients

Genotype 4

Cirrhosis

Compensated

SOF/VEL x 12 weeks (Class I, Level A)
OBV/PTV/r/DSV + RBV x 12 weeks (Class I, Level A)
LDV/SOF x 12 weeks (Class IIa, Level B)
EBR/GZR x 12 weeks (Class IIa, Level B)

Decompensated

Anemia or RBV 
intolerance

SOF/VEL x 24 weeks (Class I, Level A)
DCV + SOF x 24 weeks (Class II, Level C)
LDV/SOF x 24 weeks (Class II, Level C)

No anemia SOF/VEL + RBV x 12 weeks (Class I, Level A)
LDV/SOF + RBV x 12 weeks (Class I, level A)
DCV + SOF + RBV x 12 weeks (Class I, level B)
SOF + RBV up to 48 weeks

No Cirrhosis

SOF/VEL x 12 weeks (Class I, Level A)
OBV/PTV/r/DSV + RBV x 12 weeks (Class I, Level A)
LDV/SOF x 12 weeks(Class IIa, Level B)
EBR/GZR x 12 weeks (Class IIa, Level B)
OBV/PTV/r/DSV + RBV x 12 weeks (FDA)

Genotype 5

Cirrhosis
Compensated SOF/VEL x 12 weeks(Class I Level A)

LDV/SOF x 12 weeks(Class IIa Level B)

Decompensated SOF/VEL+ RBV x 12 weeks (FDA)

No Cirrhosis SOF/VEL  x 12 weeks (Class I, Level A)
LDV/SOF x 12 weeks (Class IIa, Level B)

Genotype 6

Cirrhosis
Compensated SOF/VEL x 12 weeks(Class I Level A)

LDV/SOF x 12 weeks (Class IIa Level B)

Decompensated SOF/VEL x RBV x 12 weeks (FDA)

No Cirrhosis SOF/VEL x 12 weeks (Class I, Level A)
LDV/SOF x 12 weeks (Class IIa, Level B)
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monitoring.
HIV-HCV Coinfection: In patients 

with chronic hepatitis C, coinfection 
with HIV can accelerate the progression 
of hepatic fibrosis. Hence, treatment 
of HCV should be a high priority in 
coinfected patients. Treatment with 
PEG-IFN and RBV resulted in lower 
SVR rates among coinfected compared 
with monoinfected patients,74,75 but 
studies of DAAs (either in IFN-based 
or IFN-free combinations) have dem-
onstrated similar SVR rates among 
both groups.76-79 Regardless, drug-drug 
interactions between antiretroviral 
agents and HCV antiviral agents may be 
significant. Antiretroviral therapy may 
slow liver disease progression in HIV/
HCV coinfected patients and, therefore, 
should be considered for all coinfected 
patients regardless of CD4 cell count. 
For coinfected patients whose CD4 cell 
counts are < 200 cells/mm3, it may be 
advisable to wait for further immune 
reconstitution prior to initiating HCV 
therapy, particularly since most HCV 
treatment trials have excluded such 
patients.80,81

Patients with Renal Impairment: 
Renal function, including an estima-
tion of CrCl or GFR, must be assessed 
before initiating any hepatitis C treat-
ment. Based on the estimated CrCl or 
GFR value, patients with renal impair-
ment are classified as having mild (50-
80 mL/min), moderate (30-50 mL/
min), or severe (< 30 mL/min) disease.

Based on the available limited data, 
the AASLD/IDSA hepatitis C guid-
ance provides genotype-specific recom-
mendations for the treatment of patients 
with severe renal disease, including those 
with ESRD.

• Patients with Mild Renal Impairment 
(CrCl 50-80 mL/min): No dosage 
adjustment needed when using any of 
the recommended agents or regimens to 
treat HCV.

• Patients with Moderate Renal 
Impairment (CrCl 30-50 mL/min): No 
dosage adjustment needed when using 
standard dosing of any of the following 
medications or regimens:  
a) DCV; b) LDV/SOF; c) OBV/
PTV/r; d) OBV/PTV/r/DSV; e) SMV; 

f) SOF; or g) PEG-IFN alfa-2a. The 
dose of PEG-IFN alfa-2b should be 
reduced by 25% (1.125 mcg/kg once 
weekly) and the RBV dosing should be 
reduced to a schedule of 200 mg alter-
nating with 400 mg every other day.

• Patients with Severe Renal 
Impairment (CrCl < 30 mL/min) or 
ESRD: The following regimens are 
recommended, based on GT, when the 
urgency to treat is high, the patient does 
not have cirrhosis, and renal transplanta-
tion is not an immediate option.

• Genotype 1a: The recommended 
regimen is standard dose OMB/PTV/r/
DSV combination with reduced-dose 
RBV (200 mg three times weekly to 200 
mg once daily). 

• Genotype 1b: The recommended 
regimen is standard dose OBV/PTV/r/
DSV, but note that limited data exist 
with this regimen in patients with renal 
failure.

• Genotype 2: The recommended regi-
men is PEG-IFN plus dose-adjusted 
RBV.

• Genotype 3: The recommended regi-
men is PEG-IFN plus dose-adjusted 
RBV.

• Genotype 4: The recommended regi-
men is standard dose OBV/PTV/r, but 
note that limited data exist with this 
regimen in patients with renal failure.

• Genotype 5 or 6: The recommended 
regimen is PEG-IFN plus dose-
adjusted RBV.

Patients with hepatitis C infection 
who require renal transplantation should 
be evaluated for hepatitis C treatment; 
the treatment of hepatitis C prior to 
renal transplantation is strongly pre-
ferred over treatment of hepatitis C post 
renal transplantation. Several trials are 
underway for the treatment of HCV in 
patients with severe renal disease.82-84

Monitoring During 
Interferon-free Regimens

For patients receiving hepatitis C 
therapy, the AASLD/IDSA recom-
mends obtaining a quantitative HCV 
RNA level at baseline, at four weeks 
after starting therapy, and at 12 weeks 
after completing therapy;37 addition-
ally, healthcare providers may consider 

obtaining HCV RNA levels at the 
end of treatment and 24 weeks after 
completing therapy. The European 
Association for the Study of the Liver 
Clinical Practice Guidelines recommend 
obtaining a week 2 HCV RNA level as 
an early evaluation of adherence.85

Clinical assessment during treatment 
with an IFN-free regimen focuses on 
adherence to the regimen and emer-
gence of adverse effects. In contrast 
with the AASLD/IDSA strategy, some 
experts do not routinely recheck the 
HCV RNA after a detectable level at 
week 4 in patients believed to have reli-
able adherence, since the vast majority 
of these patients achieve SVR. However, 
if adherence is a concern, it is recom-
mended to recheck the HCV RNA in 
two weeks, and if there is a greater than 
10-fold increase, then obtain expert con-
sultation and consider stopping therapy.

An undetectable HCV RNA level 12 
weeks after initiation of treatment gen-
erally translates into a long-term cure 
of HCV infection.36 Some experts will 
check an HCV viral load at 24 weeks 
or even at one year after the completion 
of treatment to confirm that the patient 
has achieved an SVR. 

For patients receiving hepatitis C 
therapy, the AASLD/IDSA guidance 
recommends obtaining the following 
safety laboratory studies four weeks after 
starting therapy:

• CBC,
• serum creatinine level (and calcu-

lated GFR), and
• hepatic function panel: albumin, 

total bilirubin, direct bilirubin, ALT, 
AST, and alkaline phosphatase.

Patients who do not achieve an SVR 
12 should continue to have regular 
follow-up and periodic reassessment 
for treatment, especially when addi-
tional new DAA medications become 
available.

Asymptomatic Increases in ALT 
Levels Less than 10-Fold: Patients with 
an increase in ALT levels that is less 
than 10 times the upper limit of normal, 
but without symptoms suggestive of 
acute hepatitis (weakness, nausea, vomit-
ing, or jaundice), should have close sur-
veillance and repeat ALT levels checked 
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at treatment weeks 6 and 8. If the ALT 
levels remain persistently elevated, 
discontinuation of therapy should be 
considered. 

Symptomatic Increase in ALT 
Levels of Less than 10-Fold: If a 
patient has any increase in ALT levels 
less than 10 times the upper limit of 
normal, that is accompanied either by 
symptoms suggestive of acute hepatitis 
or increases in other hepatic function 
panel labs, HCV therapy should be 
discontinued promptly and the patient 
should undergo close monitoring for 
liver toxicity. 

A 10-fold or Greater Increase in 
ALT Levels: Patients who have a 
10-fold or greater increase in ALT lev-
els, regardless of the presence of clinical 
symptoms, should have HCV therapy 
discontinued promptly and undergo 
close monitoring for liver toxicity.

For individuals with advanced fibro-
sis despite achieving SVR, liver cancer 
screening dictates evaluation every six 
months. Once complications of cirrhosis 
have occurred, liver transplantation is the 
only effective therapy. 

Conclusion
Hepatitis C is highly prevalent in 

the Western World and is the leading 
etiology of liver transplantation in the 
United States. Patients affected can 
progress to having hepatic fibrosis, liver 
cirrhosis, and then HCC. There have 
been six identified genotypes that vary 
geographically. Initial diagnostic tests 
include an HCV antibody and, if reac-
tive, then will include RNA quantitative 
testing as well as genotyping. HCV 
FibroSure and/or Fibroscan are com-
monly used to assess the degree of fibro-
sis. Historically, hepatitis C has been 
known as a tough-to-treat entity, given 
the lack of SVR with the previous drugs 
and the number of adverse reactions to 
those drugs, including RBV and IFN 
therapy. Just recently within the past 
couple of years, with the advent of direct 
acting antiviral agents, treatment success 
rates exceed 90%. Treatment options 
then are based on the genotype, degree 
of fibrosis, treatment-naive vs. treatment 
experienced, and comorbid conditions. 
Given the high efficacy of DAAs, 

screening efforts should be continued in 
high-risk cohorts to halt the progression 
of hepatitis C and to prevent further 
morbidity and mortality.
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CME Questions
1. What is the most common genotype 

of hepatitis C in the United States? 
a. Genotype 1
b. Genotype 2
c. Genotype 3
d. Genotype 4
e. Genotype 6

2. One-time hepatitis C screening is 
recommended in which population?
a. All persons with HIV infection
b. Persons born from 1945 through 

1965
c. Patients who have ever received 

long-term hemodialysis 
treatment

d. All of the above
e. None of the above

3. In the process of initiating hepatitis 
C treatment, which of the following 
tests is not recommended?
a. Serum alcohol level
b. Serum ammonia level
c. FibroSure or FibroTest
d. Hepatitis B serology
e. Hepatitis C genotype and RNA 

level
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4. Which of the following medications 
is considered to be teratogenic?
a. Harvoni
b. Ribavirin
c. Sofosbuvir
d. Viekira Pak
e. Velpastavir 

5. Which of the following hepatitis C 
Genotype patients currently have 
the lowest SVR rates when treated 
with oral antiviral therapy?
a. Genotype 1a
b. Genotype 1b
c. Genotype 2
d. Genotype 3
e. Genotype 6

6. A 58-year-old former intravenous 
drug user was found to have 
elevated liver enzymes. Further 
testing revealed he was positive for 
hepatitis C, Genotype 1a. A liver 
biopsy showed bridging fibrosis 
and nodular formation. Endoscopy 
showed two columns of small 
esophageal varices. Which of the 
following regimens should not be 
offered to the patient?
a. Ombitasvir, paritaprevir, ritonavir, 

dasabuvir (Viekira Pak)
b. Velpatasvir/sofosbuvir ± RBV
c. Ledipasvir/sofosbuvir ± RBV
d. Daclatasvir + sofosbuvir 

7. A 50-year-old woman with 
Genotype 1a hepatitis C 
compensated cirrhosis is currently 
on Harvoni (ledipasvir/sofosbuvir). 
She is at week 3 of the total 12 
weeks duration treatment plan. 
What testing interval of SVR do 
you recommend? 
a. HCV RNA at week 12 only
b. HCV RNA at week 4, week 

8, and week 12, and no further 
testing needed 

c. HCV RNA at week 4 and week 
12 and no further testing needed 

d. HCV RNA at week 4, week 12, 
week 24, and 1 year

e. HCV RNA at 1 year only
8. Based on the current AASLD 

guideline, which of the following is 
a treatment option for a hepatitis 
C Genotype 3 patient without 
cirrhosis?
a. Sofosbuvir + simeprevir
b. Ombitasvir, paritaprevir, ritonavir, 

dasabuvir (Viekira Pak) 
c. Daclatasvir + sofosbuvir
d. Elbasvir/grazoprevir
e. Sofosbuvir/ledipasvir 
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