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Purpose and Overview:   

The purpose of this talk is to review the dramatic changes in HCV treatment that is occurring 

and bring primary care providers up to date with the latest HCV treatments.  In addition, this 

talk will review the epidemiology and new screening strategies recommended by the CDC and 

USPSTF. In addition, there will be a review of the cost-effectiveness of screening for hepatitis C.  

 

Learning Objectives: 

1.  Identify who should be screened for hepatitis C and why.   

2. Understand why cost-effectiveness of HCV screening is linked to HCV treatment.  

3. Identify the limitations of standard HCV treatment. 

4.  Review upcoming trends in HCV treatment. 
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Introduction 

  Mortality related to hepatitis C (HCV) has increased by 50% from 1999-2007 

causing approximately 15,000 deaths in 2007 of which 74% occurred in persons between 

the ages of 45-64 years
1, 2

.  In 2007 for the first time ever, the rate of death per 100,000 

persons among those with HCV exceeded the rate of death among those with HIV-

infection
3
  (Figure 1).  

 

Why are we seeing this increase in HCV-related complications?  HCV infection 

often remains asymptomatic for a long period of time, sometimes over 30 years, before 

those infected with the virus start to have complications due to cirrhosis.   It is generally 

thought that 20-30% of those with HCV infection will develop cirrhosis in 20-30 years
4
.   

Thus, those who were infected between1970-1990 are now developing complications 

from hepatitis C.  During 1970-1990s, prior to identification of HCV and  understanding 

of its transmission,  a marked increase in the number of new infections occurred with  an  

average of 230,000 infections yearly
5
  at a rate of 150 cases/100,000 persons

6
. Since 

identification of the virus and implementation of methods to monitor the blood supply, a 

marked decrease in new infections has occurred.  It has also been postulated that the HIV 

epidemic changed needle sharing behavior in injection drug users and encouraged them 

to enter into drug rehabilitation programs
7
. In 2010, an estimated 17,000 new HCV 

infections occurred
5
.  

 

Figure 1:  Annual age-adjusted 

mortality rates from hepatitis B 

and hepatitis C and HIV 

infections listed as the cause of 

death in the United States from 

1999-2007 



Birth Cohort 

In 1998, the CDC issued guidelines recommending screening of the following 

populations: those who had ever injected drugs, received clotting factor made before 

1987, received blood or organ transplant before 1992, ever been on hemodialysis,  had 

elevated liver enzymes, were born to mothers with HCV infection,  had HIV infection,  

received needle stick  or mucosal exposure to HCV-positive blood
8
 . These guidelines 

were aimed at identifying asymptomatic HCV infections in the populations in which they 

were most likely to be prevalent.   Data from  the National Health and Nutrition 

Examination Survey (NHANES) from 1988-1994 and then from 1999-2002, showed a 

high prevalence of HCV-infection among those  who were 30-40 years in the first survey 

and then in the 2
nd

 survey, conducted 10 years later, the highest rates were among 40-50 

year old
9
. This changing age group indicated that a cohort of patients who were infected 

in their youth and are aging. This group has now been termed the birth cohort born 

between1945-1965, who became infected with HCV in the 1980s-1990s and has a high 

prevalence of HCV infection.  In the  2000-2010 survey, the prevalence of HCV infection 

was estimated to be 3.5% among those between the ages of 45-65 years old
5
. Testing 

done  between 2000-2007 from a large health care organization in Georgia, showed that 

the highest risk of an HCV test being positive was being born between 1945-1965
10

 . 

Other studies have shown that among minorities, the highest prevalence of HCV 

infection also occurs among those born between 1945-1965, with less than a high school 

education, and with lower socioeconomic status
11

 . A recent analysis of NHANES data 

from 2001-2010, now shows that race, HIV status,  number of sexual partners, blood 

transfusions are no longer associated with HCV infection.  Aside from birth cohort, lower 

education, and social economic status are important risk factors associated with HCV 

infection
5
. 

As this birth cohort is aging, many are developing cirrhosis and complications of 

liver disease. Davis and colleagues used statistical modeling and epidemiological, natural 

history and, demographic data to model the last 60 years of chronic HCV and project 

what the future course of the disease would be.  The model projects that the proportion of 

patients with chronic HCV who will have cirrhosis will approach 45% by 2030; peaking 

at 1 million in 2020 then declining.  Hepatocellular carcinoma (HCC) and decompensated 

liver disease will continue to increase for 10-13 years from 2010
12

.    Thus, an increasing 

number of complications due to HCV infection will be seen in the near future.  Similarly, 

other models have predicted that the incidence of decompensated liver disease, HCC, and 



deaths will increase four fold in the next 20 years
13

 .  The high prevalence of HCV 

infection has the downstream impact of  increased complications, which translates into 

increased health care costs
14

 (Figure 2).   

 

  

 

 Underestimation of Prevalence of HCV and Lack of Testing 

NHANES data estimates 1.5% of the US population is infected with hepatitis C, 

which translates into 3.9 million infected.  This data is based on actual testing conducted 

through the survey. Yet, even this is likely an underestimate as NHANES does not 

include those who are prisoners, homeless, or on dialysis which approximately adds an 

additional 500,000 to 1,000,000 infected persons
1
. More startling however, is that 45-

85% of those who are infected with HCV and are unaware of their diagnosis.   

A study of 4 health care centers in the US representing patients engaged in care 

examined what variables were associated with obtaining a hepatitis C test during 2006-

2008. Variables associated with obtaining an HCV test included age>40 years, Black 

race, Native Americans, and   >2 elevated ALT levels.  In this adult population with >7 

years of follow-up, only 1 in 8 were tested for hepatitis C of which 5.5% were 

seropositive.  Using NHANES-specific prevalence estimates, the authors estimated the 

expected number of HCV infections.  They concluded that one-half of potential 

infections had not been diagnosed
15

.  Although the proportion of those tested increased if   

>2 abnormal ALT tests were reported, fewer than 45% of these patients were tested for 

hepatitis B or C
15

.  This study illustrates how HCV screening, even risk-based, is not 

being performed. 

Figure 2:  The total prevalence of HCV 

and health care costs with 95% (CI).  

This model does not take into 

account the impact of birth cohort 

screening.  



 Targeted risk based screening (i.e. injection drug users) is very specific, but it 

misses a number of cases.  A systematic review of all randomized trials, cohort and case 

control studies that examined HCV screening found that by adding additional risk factors 

such as partners of injection drug users, anyone with an sexually transmitted disease 

(STD )in the last 5 years, age >30, more people are tested and more cases are found.  

Although the specificity may decrease,  multiple risk factor screening had sensitivity  

>90% and number needed to screen to find one positive case was <20
16

.   Thus, 

expanding the HCV screening beyond risk based screening would likely identify more 

who were infected. In 2011, based on moderate quality of evidence, the CDC made a 

strong recommendation that a one-time testing of everyone born between1945-1965 was 

warranted.  By increasing the number of people tested among the age group with the 

highest prevalence, the CDC hopes to identify those who are infected and unaware of 

their diagnosis so that they can be treated.   

HCV Treatment and Achieving a Sustained Viral Response to Improve Liver-

Related Outcomes   

 

In 2004, a systematic review of the data to screen the general population for HCV 

found that this strategy was not warranted. This was based on the lack of evidence of 

clear benefits of screening in the general population as it was thought that those identified 

would have milder early stage disease. Data on long-term outcomes was limited
17

.  Since 

that time several studies have evaluated the impact of treating HCV on clinical outcomes. 

A recent multi-center long-term follow-up study from 5 large tertiary care hospitals in 

Europe and Canada examined the association of SVR and all-cause mortality in patients 

Figure 3: The top left graph shows 

survival among those who achieved an 

SVR vs. those who did not by all-cause 

mortality; top right by liver related or 

liver transplantation; bottom left by 

hepatocellular cancer; and bottom right 

by liver failure. In all analysis, those with 

SVR had improved survival. 



with advanced fibrosis.  They followed 530 patients with advanced fibrosis for a median 

of 8.4 years, and found SVR as associated with a reduced risk for all-cause mortality and 

liver-related mortality or transplantation 
18

 (Figure 3). Another study from VA database 

also showed a reduction of cumulative mortality among those who achieved an SVR in 

genotype 1, 2, or 3.  This group of patients had many more co-morbidities and included 

patients without cirrhosis
19

 . Not only were there studies which showed an improvement 

in mortality, a meta-analysis of observational studies showed achievement of SVR was 

associated with reduced risk of development of hepatocellular cancer 
20

.    

 Based on the improvement in clinical outcomes in patients who were treated for 

hepatitis C, the U. S. Preventive Service Task Force (USPSTF) recommended that birth 

cohort screening should be conducted with a grade B level recommendation
21

. Thus, it is 

now recommended that all persons who are born between the years of 1945-1965 should 

be tested one time for HCV regardless of risk factors.   In addition through the Affordable 

Care Act, private health plans are required to cover all preventive services with a grade A 

or B level recommendation by USPSTF without cost sharing. The Affordable Care Act 

provides incentives for Medicaid programs to cover these services
22

.    

A recent study conducted in the Emergency Department (ED) at the University of 

Alabama demonstrates the number unidentified cases of HCV in the birth cohort.  In this 

study, data was collected from 9/3/13- 10/17/ and 2363 patients who came to the ED 

were born between1945-1965.   Of these, 1721 (72.8%) were questioned about HCV 

based on birth year. Among them, 79 (4.6%) were known to be HCV-infected, 315 

(18.3%) known to be HCV negative, 1287 (74.8%) were unaware of HCV status. Among 

those with unknown HCV status, 1148 (90.8%) accepted to be screened for HCV, 984 

(85.7%) had HCV screening test performed, 118 (12%) were HCV-antibody positive. 

Among those who were positive, HCV RNA was positive in 71 (72.5%), or about 7% of 

those who agreed to be tested. The highest rates were among uninsured and Medicaid  

and  was more common among males than females
23

. This study demonstrates the high 

prevalence of HCV-infection in baby boomers and highlights how few have ever been 

tested.  

Cost Effectiveness of HCV Testing 

The cost of testing and treatment coupled with the benefit of cure is the underlying 

basis for all the cost-effectiveness analysis.  Several studies have examined the cost 



effectiveness of testing a larger proportion of the population compared to risk based 

testing.  For example, one study examined the cost effectiveness of screening 100% of 

US residents born from 1945 to 1970 compared to risk-based screening.  It assumed 

eligible patients were treated for HCV with pegylated interferon and ribavirin or if 

genotype 1 with pegylated interferon, ribavirin and a directly acting antiviral (DAA) 

agent. Based on this model, there would be 84,000 fewer cases of decompensated 

cirrhosis, 46,000 fewer cases of HCC, 10,000 fewer liver transplants, and 78,000 fewer 

HCV-related deaths.  The cost of broader screening was estimated to be $80.4 billion 

compared to $53.7 billion for risk based screening, a difference of $26.7 billion. 

However, costs related to complications from advanced liver disease would be lower at 

$31.2 billion compared to $39.8 billion.  Taking into account costs for testing and 

treating and lives saved over time for each strategy led to the finding that the incremental 

cost-effective ratio (ICER) was $37,700 per quality-adjusted life years (QALY) gained 

for screening all compared to risk based screening. Furthermore sensitivity analysis 

showed the reducing the time horizon for assessment of outcomes, reducing the treatment 

rates or treatment efficacy all lead to an increase in ICER
24

.  It has been conventionally 

accepted that an ICER of <$50,000/QALY for a screening strategy is cost-effective.  

Another study which compared cost-effectiveness of no screening, risk based, and 

birth cohort found with no screening an estimated 618,000 HCV infected persons would 

die from complications of liver disease. With risk based testing, 592,000 would die from 

liver disease complications, but 135,000 would be treated and 53,000 would achieve an 

SVR with standard treatment. Compared to this strategy, birth cohort screening would 

reduce death to 509,000 and 552,000 would be treated and SVR achieved in 229,000. The 

ICER for birth cohort screening and standard dual therapy was estimated to be 

$15,700/QALY compared to risk based testing. If however, DAAs and pegylated 

interferon and ribavirin were used, then deaths would decrease to 470,000; SVR would 

be achieved in 311,000 and ICER would be $35,700/QALY when compared to risk based 

testing. If birth cohort screening and treatment with DAAs was compared to birth cohort 

testing and standard dual treatment, the ICER would increase to $73,700/QALY
25

.   

Another study, which examined a one-time screening of the US population 

between 20-69 years compared to risk based guidelines, found a modest increase of ICER 

for general population screening if there was higher mortality or if protease inhibitor 

therapy was given to all genotype 1 patients.  However, even if all parameters were set as 



unfavorable to population based screening, the authors still found population based 

screening to be cost-effective at $49,000/QALY
26

.    

     McEwan et al. also examined birth cohort testing, but added timing of treatment 

and who should be prioritized in the analysis.   They found birth cohort screening will 

identify 1,070,840 persons infected with HCV compared to risk based screening which 

will identify 262,260.  Of these an estimated 551,800 would be allocated to treatment in 

the birth cohort arm compared to 135,089 in risk based testing.  The authors conducted 

scenario analysis to examine the impact of HCV prevalence, treatment eligibility, age, 

fibrosis stage, and timing of treatment initiation on total costs, QALY gained, HCV-

related complications, and cost-effectiveness. A strategy which prioritizes treating those 

with advanced disease appears to be most effective in minimizing total costs. To 

maximize QALYs and minimize liver related complications, early treatment soon after 

testing should be adopted
27

.   Birth cohort testing is cost-effective if enough people are 

tested and those who are HCV-positive are treated to generate enough cost offsets and 

QALYs gained.  The best strategy to optimize cost effectiveness of birth cohort testing is 

to treat immediately and prioritize those with advanced disease
27

.         

Impact of Alcohol and Weight on Liver Disease Progression 

One of the problems with these models is that other disease(s) which can impact 

liver disease progression may lead to underestimation of liver disease complications or 

mortality.  For example, what is the impact of alcohol consumption on liver disease 

progression? Studies have shown that alcohol has a synergistic impact on HCV-related 

liver disease progression. A study from the UK examined a cohort of 1,620 patients of 

whom 9% had cirrhosis. They found heavy alcohol use ever (>50 units/ week of alcohol 

for sustained time) had an attributable fraction of cirrhosis of 36% (95% CI: 24.4-47.4). 

Among those who had ever engaged in heavy alcohol use, the attributable fraction was 

>50% (61.6%; 9%CI: 47.0-72.2)
28

. These findings have an impact on cost-effectiveness 

models for HCV testing and treatment. If alcohol consumption is not addressed, then it 

remains unclear if long-terms benefits of liver disease complications avoided, due to 

HCV treatment and cure, could be achieved.  

The obesity epidemic in the US has led to an increase in diabetes and non-

alcoholic fatty liver disease (NAFLD).  The NHANES survey found the rate of hepatic 

steatosis  and NAFLD to be 21.4% and 19.0%  in the US from 1988-1994, which 



corresponds to 32.5 million adults.  Hepatic steatosis and NAFLD were associated with 

diabetes, dyslipidemia, and obesity
29

. Compared to the general population, those with 

NAFLD have a higher risk of overall mortality and liver-related mortality
30

.  NAFLD, 

which is also associated with metabolic syndrome, can lead to progression of liver 

disease in those with HCV and can also make interferon-based HCV treatment less 

effective. Treatment of HCV may not improve hepatic steatosis
31

. Obesity is also linked 

to higher rates of metabolic syndrome and development of type 2 diabetes mellitus.  

Studies show that both metabolic syndrome, without significant fibrosis, and type 2 

diabetes are associated with higher risk of HCC
32, 33

.Thus, patients even after HCV 

treatment may continue to have progression of liver disease or be at risk of developing 

HCC.  

Because alcoholic liver disease and NAFLD / non-alcoholic steatohepatitis 

(NASH) can reduce the potential benefits of HCV treatment such as reduction in 

mortality, end-stage liver disease (ESLD), and HCC, the CDC has advised primary care 

physicians to discuss alcohol reduction/abstinence and weight reduction during the post-

counseling session in those who are HCV infected.  Treatment of HCV may not eliminate 

the risk of liver disease progression if a patient has other concomitant disease. The 

intersection of HCV liver disease and obesity, which can cause type 2 diabetes mellitus, 

metabolic syndrome and NAFLD/NASH   is likely to further reduce QALYs gained with 

HCV treatment and cost-effectiveness of treatment.    

HCV treatment to Reduce HCV Transmission 

Most studies have focused on HCV treatment to reduce the risk of developing 

complications from ESLD.  Although HCV treatment will have an impact on end-organ 

disease, it could also have an impact on HCV transmission and prevalence. The 

prevalence of HCV infections has plateaued since 2006 
5
. One reason may be that the 

population which contributes the highest risk to transmission, i.e. injection drug users, is 

not targeted for HCV treatment.   

  Martin and colleagues developed a model to examine the impact of HCV 

treatment of injection drug users in 3 different cities.  The authors modeled what would 

happen if HCV treatment was increased among injection drug users in three cities: 

Edinburgh, UK with a HCV prevalence of 25% in IDU; Melbourne, Australia with 

prevalence of 50%; and Vancouver, Canada with prevalence of 65%.  Current treatment 



rates could reduce prevalence by 26% in 15 years in Edinburgh but was unlikely to have 

an impact in Vancouver or Melbourne (Figure 4a). Scaling up of treatment to 22 in 

Edinburgh, 54 in Melbourne, and 98 in Vancouver per 1,000 persons with injection drug 

use annually could result in a decreasing the prevalence by three-quarters within 15 years 

(Figure 4b).  Less impact occurs with delayed scale up, higher prevalence, and shorter 

average injection duration
34

.  

 

 

The prevalence of HCV in correctional settings has been estimated to be between 

9-40%, and is especially high among those with current or past history of injection drug 

use.  A recent study in Massachusetts used risk based testing to test for HCV. They 

examined 6,342 inmates of which 55% were screened for HCV.  They found 21% had 

acute HCV infection.  Interestingly, these inmates had a mean age of 29, 63% were 

female and 91% were Caucasians but none were African Americans 
35

 . This represents 

one of the current trends in HCV epidemiology which shows an increasing number of  

young, suburban, white women, who became addicted to oral prescription opioids and 

then progressed to injecting heroin when prescription opioids become less available due 

to the  government crackdown on prescription pain medications
7
. Regardless of new 

HCV infection or chronic infection, the correctional setting has a high burden of HCV 

disease. Testing and treating in the correctional settings could have a huge impact on 

HCV prevalence and incidence 
36

. Injection drug users continue to have the highest rate 

of HCV transmission and thus should be targeted for treatment if the goal is to reduce 

HCV prevalence and incidence.  

 

Figure 4 a and b: 4a.  The 

relative prevalence 

reduction is depicted in 

three different cities with 

varying baseline prevalence 

of HCV in injection drug 

users.  4b. Different scale 

up of treatment per 1000 

persons annually can 

reduce prevalence rates by 

one-fourth to three-fourth.  



Testing and Linkage to Care 

The impact of HCV testing on clinical outcomes will only be realized if patients 

are linked to care and treated.  In the US, there are an estimated 3.2-3.9 million persons 

infected with HCV, however only 50% are aware of their diagnosis. Approximately one-

third are referred to receive HCV treatment. Only 10% are treated and 5-6% of those 

treated achieve a cure. Increase in HCV screening rates will increase the number of 

persons aware of HCV diagnosis, however more need to be referred to care and more 

need to be treated.  

 Expansion of screening and linkage of care requires that there be an adequate 

number of specialists to treat those who are diagnosed with HCV.  Treatment of HCV has 

been limited due to limited availability of specialists. In New Mexico, Arora and 

colleagues have developed a videoconferencing system to help train the primary care 

providers in rural areas and prisons to become experts in HCV treatment.  Didactics were 

set up to give basic information about disease and treatment. Protocols were developed 

which outline what labs should be obtained at baseline and throughout treatment. Then, 

video conference calls were set between the academic specialist at the University of New 

Mexico with the PCP and his/her staff to discuss specific patient care problems.  Results 

show that PCPs with videoconferencing support could treat HCV with pegylated 

interferon and ribavirin as effectively as academic HCV specialist
37

.  The Extension for 

Community Healthcare Outcome (ECHO) model has now extended beyond HCV 

treatment to include HIV, rheumatology, chronic pain management, asthma/pulmonary 

disease, addiction/psychiatry, pediatric obesity, diabetes/cardiovascular risk reduction, 

and others 
38

.  

HCV Treatment: The Past 

HCV treatment is evolving rapidly: shorter course of therapy, fewer side effects, 

and higher cure rates. But to appreciate the changes, it is important to understand how 

HCV treatment has changed.   The goal of HCV treatment is to achieve an SVR, which is 

obtained when HCV RNA is <50 copies/IU 24 weeks after the completion of therapy.  

Studies have shown that patients who achieve an SVR at 24weeks (SVR24), do not have 

a recurrence of HCV and are considered to be cured
39

.  Recent meta-analysis of phase II 

and III trials found the positive predictive value of SVR at 12 weeks post treatment 

(SVR12) was 98% and negative predictive value was 99% for SVR24 for genotype 1 



patients, and a similar concordance was seen with genotype 2 and 3
40

. From a regulatory 

standpoint, SVR12 has now become the primary endpoint for most phase II and III HCV 

clinical trials.  Both shorter duration of treatment and shorter follow-up has allowed 

clinical trials to be completed and data released at a very rapid pace. 

 HCV treatment and response has varied depending on the genotype. In the US, the 

vast majority of patients are infected with genotype 1, which traditionally has been the 

most difficult to treat.   In the IDEAL study, both formulations of pegylated interferon 

were compared in a head-to-head trial among HCV genotype 1 patients.  No difference in 

SVR24 was found between pegylated interferon alfa 2a versus pegylated interferon alfa 

2b
41

.  

Differences in SVR are seen by HCV genotypes.  Genotypes 2 and 3 have an SVR 

in the range of 76-82% with 6 months of treatment with pegylated interferon and 

ribavirin compared to  HCV genotype 1 with 42-46% SVR 
42, 43

.  SVR with pegylated 

intefeorn and ribavirin is also influenced by baseline HCV RNA, with lower baseline  

HCV RNA associated with higher SVR. In genotype 1 patients,  65% of those with lower 

HCV RNA achieved an SVR compared to 47% with higher HCV RNA at baseline, but 

baseline HCV RNA did not influence SVR in gentoype 2 and 3
44

. SVR is also influenced 

by fibrosis stage, patients with genotype 1 with advanced fibrosis achieved an SVR of 

41% versus 57% among those with minimal fibrosis.  A similar difference was seen 

among genotype 2 or3 with SVR of 75% in those with advanced fibrosis and 87% in 

those with minimal fibrosis
44

. Among blacks, the SVR rate is 19% compared to 52% in 

non-Hispanic whites 
45

.  A polymorphism found in the IL28B gene is highly predicitve of 

SVR to pegylated interfeorn and ribavirin.  Those with a CC allelle are much more likely 

to respond to HCV treatment compared to those with CT or TT (non-CC) 
46

 Furthermore, 

the IL28B polymorphisim is more predictive of response compared to base HCV RNA or 

fibrosis stage.  Another difficult to treat population are HIV co-infected patients, who had 

SVR in the APRICOT study of 29% for genotype 1
47

, much lower than what is seen in 

non-HIV-infected. 

 

Limitations of Interferon-based Treatment 

The side effects of pegylated interferon and ribavirin are numerous including flu-

like symptoms, fatigue, depression, weight loss, cytopenias, rash, thyroid dysfunction,  



neuropathy, headaches, and visual changes to name  a few.  Thus, HCV treatment 

guidelines recommended deferring treatment in those with early stage disease/fibrosis 

because the response rates were low and side-effects were numerous.  

Currently Lambda-1a, a type III interferon which is a cytokine (IL29) with 

interferon-like properties, is currently in phase 3 clinical trials. Lamda-1a signals through 

a heterodimeric receptor complex different from interferon type I and II.  The receptor is 

found primarily in liver tissue and not as broadly distributed as type 1 interferon 

receptors.  Thus, lamda-1a associated toxicity is limited. Clinical studies have shown 

Lambda-1a produced a more rapid HCV RNA decline, fewer patients develop 

hematologic toxicity, fewer had flu-like symptoms, fewer had ALT elevations, but there 

were more bilirubin elevations.  

But despite potentially having an interferon which has less side effects, there still 

remain contraindications for interferon –based therapy such as decompensated liver 

disease, uncontrolled depression, s/p transplant, autoimmune disease, untreated thyroid 

disease, and other significant medical illnesses. In addition, ribavirin cannot be used in 

pregnancy, in a patient with severe anaemia, or a patient with end stage renal disease
48

. 

Thus, pegylated interferon and ribavirin- based therapy limits the population which can 

receive HCV treatment.   

 

HCV Treatment: Now 

Pre-clinical and clinical studies have been underway to understand the life cycle of 

HCV. With a better understanding of HCV replication, HCV drug targets have been 

developed which can directly interfere with HCV replication. The three primary targets 
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are  non-structural proteins NS3, NS5A, and NS5B.  These DAAs have now become the 

foundation of HCV treatment.  In May 2011,  two new NS3/4A serine protease inhibitors 

were FDA approved for the treatment of HCV in genotype 1 patients.  Compared to 

response rates seen with pegylated interferon and ribavirin, these drugs  showed SVR  in 

60-75% (Figure 5) of treatment naive and experienced patients, an improvement from 

prior treatment
49-52

     

However, sub-group analysis revealed SVR rates were lower in African 

Americans, those with advance fibrosis and prior non-responders.  Furthermore, real-

world data shows lower response rates of approximately 60% overall in treatment naïve 

with either boceprevir or telaprevir and 37-59% for treatment experienced. Especially, 

difficult to treat are those who are treatment experienced and cirrhotic
53

.  

One population in which SVR has improved with triple therapy compared to dual 

therapy is among HIV-infected.  In genotype 1, an SVR of 63% was obtained with 

boceprevir, pegylated interferon and ribavirin 
54

 and an SVR of 74% was obtained in 

HIV/HCV patients treated with telaprevir, pegylated interferon, and ribavirin for 48 

weeks
55

. These new drugs are strong inhibitors of CYP3A and are contraindicated with 

drugs which are metabolized by the CYP3A pathway. Therefore additional care must be 

placed on reviewing potential drug-drug interactions when these drugs are used. Both 

telaprevir and boceprevir must be given every 8 hours.  

  Triple therapy offers higher cure rates in naïve patients and perhaps those who 

initially responded to pegylated interferon and ribavirin but after completion of therapy 

the virus relapsed. However, those with cirrhosis have lower response rates as do those 

with prior null response to interferon, those who had l< 2 log drop in HCV RNA after 12 

weeks of treatment.  African Americans have had an improved response rate but still 

lower than those seen in non-Hispanic whites.   Additionally, real world data does not 

show the high rates of response seen in clinical trials 
53

. 

These new treatments do increase the cost of treatment.  In naïve patients with 

rapid viral response, treatment may be truncated to 24 weeks but in patients with cirrhosis 

or prior treatment experience 48 weeks of treatment is needed.  A comparative 

effectiveness study which examined studies with boceprevir and telaprevir found a 22 to 

31 percentage point difference in likelihood of achieving an SVR with triple therapy 

compared to dual therapy. However, the same analysis found increased risk of 



hematologic  adverse events with boceprevir and anemia and rash with telaprevir
56

  Thus, 

the new therapies do have higher efficacy but also have additional toxicities including 

anemia, rash, diarrhea, dysguesia, elevation in uric acid to name a few.   

Although these drugs appear to have higher efficacy compared to pegylated 

interferon and ribavirin, are they cost-effective?  Chan et al. examined this question and 

found triple therapy was cost-effective when compared to no therapy but the ICER 

ranged from $51, 759 to $88,880/QALY when compared to dual therapy. However, if the 

SVR rate was higher with triple therapy, then the ICER decreased and triple therapy 

became more cost-effective compared to dual therapy
57

.   Another model examined 

universal triple therapy compared to IL28 guided treatment compared to dual therapy. 

IL28B guided therapy stratifies patients by CC genotypes to receive dual therapy and 

non-CC to receive triple therapy. Studies have shown that high SVR are achievable with 

dual therapy in patients with CC genotypes
58

. Treating everyone with advanced fibrosis 

had an ICER $51,500 to 54,100/QALYs compared to $32,800 to 45,300/QALYs if 

IL28B guided triple therapy was used.  Treating everyone with advanced fibrosis is cost-

effective if the least-expensive protease inhibitor is used
59

.  

In December, 2013, a 2
nd

 generation protease inhibitor was approved.  Simeprevir 

can be given once daily. It must be used in combination with pegylated interferon and 

ribavirin but if rapid viral response is achieved (undetectable HCV RNA at 4 weeks), and 

then therapy could be shortened to 24 weeks. The SVR was 80% overall, with genotype 

1a (75%) and 1b (85%). Clinical trials have shown that response rates with simeprevir are 

lower if those with genotype 1a have the Q80K polymorphism. This polymorphism exists 

in about 30% of the population who are infected with genotype 1a.  Genotype 1b has a 

slightly higher response rate.   Simeprevir is also metabolized through CYP3A 

mechanism and is not recommended to be given with drugs which are strong inducers or 

inhibitors of CYP3A.  Response rates among those with advanced fibrosis appear to be 

high, but inadequate data exists on prior null responders and partial responders
60-62

. 

In December, 2013, sofosbuvir was approved by the FDA for HCV treatment. 

Sofosbuvir, an NS5B polymerase inhibitor, is a first in class drug and is pangenotypic, 

active against all genotypes.  In addition, the drug can be used in combination with 

pegylated interferon and ribavirin for 3 months, further shortening duration of treatment 

from 48 weeks to 12 weeks. Response rates are high with 90% SVR overall, and for sub-

types genotype 1a (92%), 1b (82%), and 4 (96%) and among the harder to treat group 



such as those with cirrhosis (80%) and African Americans (87%).  Furthermore, the first 

interferon-free regimen has been approved. Sofosbuvir can be given without pegylated 

interferon in genotypes 2 and 3.  Among genotype 2, 12 weeks of sofosbuvir and 

ribavirin leads to SVR of 95%. However, genotype 3 did not do as well with 12 weeks 

with SVR rates lower than what is seen with pegylated interferon and ribavirin
63

.  A 

subsequent study has shown treatment with sofosbuvir and ribavirin in genotype 3 for 24 

weeks leads to SVR of 93% 
64

.  Therefore, HCV genotype 3patients treated with 

sofosbuvir and ribavirin should receive 24 weeks of treatment. Sofosbuvir is substrate of 

P-gp and can interact with inducers of P-gp like rifamycin, but does not interact with 

drugs metabolized by the CYP3A pathway, which reduces potential drug-drug 

interactions.  Thus, these new drugs have introduced short treatment and for the first time 

an all oral therapy for those with hepatitis C.  

HCV Treatment: The Future 

What is on the horizon for HCV therapy? Currently, there is data available from 

both phase 2 and 3 trials using 18 different combinations of protease, NS5A polymerase, 

and NSB5 polymerase inhibitors.  Seven different combinations of drug classes have 

been used. This includes the following combination: protease inhibitor with ribavirin 

(n=1); protease inhibitor and NS5A inhibitor with or without ribavirin (n=3); protease 

inhibitor and NS5B inhibitor with or without ribavirin (n=5); protease inhibitor and 

NS5A inhibitor and NS5B inhibitor with or without ribavirin (n=4); protease inhibitor 

with NS5B non-nucleoside  inhibitor and NS5B nucleoside inhibitor plus ribavirin (n=2); 

NS5A inhibitor and NS5B inhibitor (n=2);  and NS5B inhibitor and ribavirin (n=1). Thus 

the innovation with different combinations promises to lead to an incredible expansion of 

treatment options for patients with hepatitis C.  

 A recent press release shows promising phase 3 data using sofosbuvir, an NS5B 

inhibitor, with ledipasvir, a NS5A inhibitor, in a fixed dose combination. Phase 3 data 

shows sofosbuvir and ledipasvir gives an SVR412 of 94% with 12 weeks of treatment in 

treatment naïve and 94% in treatment experienced patients. The fixed dose combination 

with ribavirin shows an SVR 97% in naïve and 96% in treatment experienced, thus 

demonstrating that dual therapy is sufficient for high response rates 
65

. Eight weeks of 

combination therapy in naïve patients gives 93-94% SVR with or without ribavirin.  This 

combination when approved will be one pill once a day for 8 or 12 weeks, a remarkable 

change in a very short period of time.  



Another phase 3 study using ABT 450, a protease inhibitor, boosted with ritonavir 

co-formulated with ABT-267, a NS5A inhibitor, taken daily with ABT-333, an NS5B 

polymerase inhibitor, taken twice a day with ribavirin for 12 weeks shows an SVR of 

96%  in  both treatment  naïve and experienced patients 
66, 67

. Another alternative of oral 

treatment will also be available in the near future.  

Increased choices for the consumers will hopefully drive down prices and make 

HCV treatment more affordable.  Although two studies have examined the cost-

effectiveness of oral therapy, they analysis was limited because the cost of oral therapy 

was underestimated
68, 69

. 

Although these trials are promising, there remain areas where data is lacking.  How 

effective will these new drugs be in specific populations such as those with cirrhosis, who 

were not included in the Sapphire studies and were <20% of patients in the Ion studies. 

Especially important will be cirrhotic patients who were prior treatment non-responders. 

Patients, who have renal insufficiency or end stage kidney disease, are a population that 

has been excluded from trials and data on dosing of these drugs and efficacy is still 

needed.  Sub-populations such as African Americans will need to be analyzed.  Studies in 

HIV-infected have started recruitment and data will be instructive to understand drug-

drug interactions with complex HIV regimens.   

Many questions remain to be answered with regard to HCV treatment.  When more 

drugs become available, will physicians be able to prescribe different combinations of 

drugs?  Drug interactions will become important if drugs are combined or if used with 

other drugs metabolized through CYP3A.   What combination of drugs will be the most 

cost-effective? Will an increase in HCV treatment lead to a decrease in liver-related 

complications? Will it lead to a decrease in prevalence of incidence of HCV? 

 In conclusion, HCV infection remains underdiagnosed and a focus on screening 

high prevalence populations are needed including baby boomers, prisoners, and injection 

drug users.  But testing without linkage to HCV treatment is not cost-effective. Treatment 

of HCV is needed reduce long-term complications of liver disease progression such as 

HCC, transplant, and end stage liver disease. Treating those with advanced fibrosis is 

important but treating those who are younger maximizes quality-adjusted life years 

gained.  Treatment for hepatitis C   is continuing to dramatically change.  The treatment 

is becoming shorter and the drugs have higher efficacy to achieve an SVR. The cost –



effectiveness of these regimens remain to be determined but higher rates of cure and 

higher uptake of treatment  due to simplicity and fewer side effects have the potential to 

make these drugs more cost-effective.  In 2014, we will likely have approval of additional 

oral treatments for genotype 1 which can be given for 12 weeks, including a regimen that 

is likely to be one pill once daily with SVR over 90%.  With short course therapy and 

high cure rates, it becomes even more important to test for HCV and provide curative 

treatment. Although the test and treat strategy is going to lead to short term cost 

increases, the benefit is not just in reduction of long-term costs of caring for end stage 

liver disease but in increasing  life expectancy.  The question is not if we can afford to 

treat, but rather the question is can we afford to not treat? 
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