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Foreword
In October 2013, UNITAID published its first scoping paper on hepatitis C. At the time, two direct-acting 
antiviral medicines were on the market. While these improved the therapeutic options available, the im-
provement was limited by the fact that they still needed to be used with pegylated interferon and ribavirin 
– medicines that can cause considerable side effects.

Much has changed since the first UNITAID scoping paper was published 16 months ago. The role of the 
two direct-acting antivirals that were first to market has significantly diminished, and both are being dis-
continued in the USA. Nine new direct-acting antivirals have been launched, though to date most are only 
available in a limited number of countries. This report takes stock of this rapidly changing market, where 
new products have the potential to become “blockbusters” almost overnight – but also risk becoming 
quickly outdated due to superior products entering the market.

Interferon- and ribavirin-free combinations are now on the market, at least for treatment of some geno-
types of the hepatitis C virus. And while no short, simple pan-genotypic regimen is available yet for use 
in all patients (including cirrhotic patients and patients coinfected with HIV), the identification of such a 
regimen, which would be ideal for use in resource-limited settings, is progressing quickly.

Despite these advances, important challenges remain. The new medicines are very expensive; as a result, 
access is limited even in high-income countries. Access to these new medicines is virtually non-existent 
in the rest of the world.

Unaffordable prices for new hepatitis C medicines pose a major challenge, but one that can and should be 
addressed. UNITAID believes it is possible to create a virtuous circle of clearer demand, larger volumes, 
lower prices and sufficient funding to ensure that these medicines – which cure hepatitis C infection in a 
relatively short time – will be available to all who need them.
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Executive summary
Hepatitis C virus (HCV) is a major global health problem. With 80−150 million people worldwide 
chronically infected with the virus, the prevalence of HCV is higher than that of the human immuno-
deficiency virus (HIV). Worldwide, 4−5 million people are coinfected with HIV and HCV. Each year, 
500 000−700000 people die of HCV-related liver disease, and evidence indicates that the HCV burden 
is increasing. While the HCV epidemic is global in scope, the HCV burden varies considerably between 
regions. There are six major genotypes of HCV, with genotypes 1 and 3 together accounting for more than 
three quarters of HCV infections.

Efforts to treat HCV have historically been hampered by inadequate treatments. Until recently, the 
standard treatment for HCV involved a combination of pegylated interferon (Peg-IFN) and ribavirin (RBV), 
with regimens lasting 24−48 weeks depending on the genotype. Weaknesses of Peg-IFN + RBV include 
suboptimal efficacy, poorer efficacy among patients with certain genotypes, and common, often severe 
side-effects that make the treatment intolerable for many patients. Diagnosis of HCV and treatment moni-
toring are also costly and complex, requiring multiple different tests, though this is in part attributable to 
the limitations of treatment with Peg-IFN and RBV. 

The development of direct-acting antivirals (DAAs) has dramatically improved HCV treatment pros-
pects and altered the standard of care. New DAAs that do not require Peg-IFN are being developed, with 
several receiving their first regulatory approval in late 2013 and 2014. A number of other DAAs are in devel-
opment. These new DAAs are to be used in combinations. As measured by sustained virological response 
(SVR),1 several DAA combinations appear to generate cure rates that approach or exceed 90%. Some of 
these combination regimens may have pan-genotypic efficacy, although the “ideal” regimen has not yet 
been established since data are currently not available for all genotypes and all patients groups (such as 
HIV/HCV coinfected patients or patients with cirrhosis). These DAAs can shorten treatment duration (in 
many instances to 12 weeks) and have fewer side-effects. They also have the potential to reduce the cost 
and complexity of diagnosing HCV. 

Widespread scale-up of DAAs in low- and middle-income countries is not currently feasible due to 
their very high prices. The DAAs that have already received regulatory approval have exceptionally high 
prices, and even high-income countries struggle to cover treatment costs. Sofosbuvir has a commercial 
price of US$ 1000 per pill, or US$ 84 000 for a 12-week course of treatment in the USA. The prices of other 
DAAs are comparable. Some high-income countries have succeeded in negotiating price reductions, but 
these prices nevertheless remain far beyond those that would be affordable for widespread use in low- and 
middle-income countries. The Government of Egypt has negotiated a public-sector price of US$ 900 for a 
12-week treatment course for sofosbuvir, but the number of doses available at this price is limited and it 
is unclear whether many other countries will be able to obtain similar prices. Virtually all sales of these 
medicines to date have occurred in high-income countries, with the USA and Europe together accounting 
for 98% of sales of sofosbuvir.

1 Sustained virological response means that there is no longer evidence of the presence of the virus in the patient’s body. 
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Technical Report

The high prices of DAAs are not related to the cost of production. Assuming sufficient volumes, a recent 
academic analysis estimated that minimum production costs for a 12-week treatment course of several 
leading DAA combinations range from US$ 118 to US$193 per person. 

Patents pose a barrier to affordability and scale-up, although voluntary licences offer an avenue for 
generic production. Patents for DAAs are likely to remain in force until at least 2025 and possibly beyond. 
In 2014, Gilead signed voluntary licences for two DAAs with seven Indian generic manufacturers, and 
Bristol-Myers Squibb, maker of other DAAs, also announced plans to issue voluntary licences. The Gilead 
licence covers 91 low- and middle-income countries, and includes half of all middle-income countries. 
However, it excludes the other 50% of middle-income countries, such as China which has the largest HCV 
epidemic in the world. The licensed manufacturers in India are currently developing generic DAAs; it is 
expected that generic equivalents will become available in late 2015 or 2016.

Generic manufacturers will need substantial orders to achieve the economies of scale required to offer 
DAAs at affordable prices. It is too early to obtain a firm market entry price for generic products, but most 
producers have indicated they would be able to offer sofosbuvir for less than US$ 900 for 12 weeks treat-
ment (Gilead’s price for sofosbuvir in Egypt). Prices of generic daclatasvir could be even lower. Achieving 
prices for generic versions of sofosbuvir and other DAAs that are sufficiently affordable to encourage scale-
up of HCV treatment in low- and middle-income countries will, however, depend on volumes.

The demand for DAAs among international donors and national governments remains uncertain. No 
major international donor and few national governments have prioritized procurement of HCV medicines, 
in large part due to the high prices of DAAs. Sharp price declines – or the prospect thereof – will be needed 
to persuade donors and governments to make substantial purchases of DAAs. 

Additional factors potentially impede scale-up of DAAs. Most people infected with HCV are undiag-
nosed, resulting in limited on-the-ground demand for HCV treatment. Capacity for diagnosis is limited in 
many low- and middle-income countries. Other factors that could hinder scale-up include possible regula-
tory delays, challenges associated with translating international recommendations into national treatment 
guidelines, and building capacity for HCV diagnosis and treatment.

Addressing market weaknesses in the HCV treatment arena will require a combination of approaches 
that generate strong demand and address systemic issues. Long-term investments in demand genera-
tion will be needed to improve diagnostic tools and strategies, enhance strategic data, advocate for robust 
funding by donors and national governments, and strengthen the ability of advocates to demand lower 
prices. Proof-of-concept studies will be required to demonstrate that HCV can be diagnosed and cured 
at minimal cost in low- and middle-income countries. At the same time that efforts focus on increasing 
demand, systemic issues (e.g. patent barriers, regulatory processes, timely generation of national treat-
ment guidelines, health systems capacity) will need to be addressed. Once demand has been created, 
consideration should be given to bulk purchasing and other strategies to expedite uptake. 
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1. Introduction
UNITAID supports market-based interventions to improve access to medicines, diagnostics and preven-
tive commodities for human immunodeficiency virus (HIV), tuberculosis and malaria. To help identify 
market-based interventions, UNITAID analyses the market of commodities of interest. These analyses, or 
landscapes, provide an overview of medicines on the market and in the pipeline, highlight critical market 
shortcomings and the underlying reasons for market failures, and identify potential strategies to correct 
them.

This landscape analysis surveys the current state of technologies for the treatment of hepatitis C virus 
(HCV), as well as market dynamics that affect the affordability and accessibility of HCV therapeutics. HCV 
treatment falls within the ambit of UNITAID’s mission because it is a major HIV coinfection and a lead-
ing cause of morbidity and mortality among people living with HIV. Strategic Objective 3 of the UNITAID 
Strategy 2013−2016 specifically refers to viral hepatitis, notably hepatitis B and C.

Following a brief description of the methodology, this report assesses the public health problem of HCV 
infection. Section 3 provides an overview of current knowledge of the fast-evolving landscape of approved 
and experimental HCV treatments, comparing each to the ideal or target profile for an optimally effec-
tive and scalable HCV treatment regimen. Section 4 summarizes market dynamics associated with HCV 
treatments, including supply, demand and factors that affect the affordability, accessibility, uptake and 
sustainability of HCV treatments. Section 5 identifies weaknesses in the HCV treatment market, and the 
final section (6) proposes potential market interventions to enhance access to safe, effective and affordable 
HCV medicines.
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2. Methodology
This landscape has been developed on the basis of an extensive desk review of published and grey litera-
ture, supplemented by interviews with key informants with knowledge of the state of the art of existing 
and pipeline technologies. Data and analysis are current as December 2014, unless otherwise indicated. 

Public health problem and global architecture: These introductory sections review the HCV burden, 
summarizing the available data, and review some of the factors that need to be in place to enable treat-
ment with the new HCV medicines in low- and middle-income countries. These sections were prepared by 
Mike Isbell and Renée Ridzon (Ahimsa). 

Technology landscape: Tracy Swan developed the technology landscape material, including the tables 
and annexes 2 and 3. The material describing current and future products uses information in the public 
domain – including published and unpublished reports and articles, peer-reviewed publications, regula-
tory and developer websites, mainstream media articles, and the databases of clinicaltrials.gov and the 
United States Food and Drug Administration (USFDA). Presentations at major scientific conferences were 
also incorporated to capture developments that have yet to be published in peer-reviewed literature.

Figures 5−13 were prepared by Andrew Hill. 

Market landscape: Karin Timmermans developed the market landscape, including the tables, figures and 
Annex 5. The section is based on a review of the market literature, websites of medicines regulatory agen-
cies and financial and regulatory filings (e.g. mandatory filings before the United States Securities and 
Exchange Commission), company websites and press releases, and companies’ quarterly financial results. 

The sections on funding availability for procurement, demand impediments and other impediments to 
uptake were developed by Mike Isbell (Ahimsa). 

Market shortcomings and potential market interventions: These sections were prepared by Mike Isbell 
and Renée Ridzon (Ahimsa) and Karin Timmermans (UNITAID). 

Technical review and finalization of the overall report was conducted by Mike Isbell, Renée Ridzon (Ahim-
sa) and Karin Timmermans (UNITAID). The report was edited by David Bramley. 

The following reviewers provided valuable input, comments and suggestions on all or part of the docu-
ment: Isabelle Andrieux-Meyer, Peter Beyer, Jennifer Cohn, Charles Gore, Andrew Hill, Ellen ‘t Hoen, 
Yuanqiong Hu, Bernard Pécoul, Tracy Swan and Stefan Wiktor. 
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3. Public health problem
HCV is a serious health problem. With transmission patterns that overlap with those for HIV, HCV is sev-
eral times more prevalent than HIV. Although the overall burden and nature of HCV infection varies within 
and between countries and regions, the HCV problem is worldwide in scope, representing a major cause 
of morbidity and mortality both for people living with HIV and for HIV-uninfected individuals.

Although transmission and pathogenesis of HCV are now well understood, important gaps in data under-
mine efforts to obtain a clear and timely epidemiological picture of the HCV epidemic. Less than half 
(49%) of countries reported having a national surveillance system in place for chronic HCV in 2013 [1]. 
Among countries that track hepatitis-related cases and deaths, 57 (53% of those reporting data systems, or 
45% of countries overall) do not differentiate between the different types of hepatitis (i.e. A, B, C, D, E). 
Only about one third of countries regularly conduct serosurveys for viral hepatitis, with only 13 countries 
conducting such serosurveys annually [1].

Basic facts about HCV
HCV is a bloodborne virus that infects liver cells, resulting in illness that ranges from mild and transient to 
chronic and life-threatening [2, 3]. Through bloodborne routes, transmission is 10 times more efficient for 
HCV than for HIV [4]. HCV establishes infection in liver cells by using proteins on its protective coating to 
attach to a receptor site on the cell surface. Through the use of enzymes and other means, HCV replicates 
itself in order to infect additional liver cells.

Acute HCV infection occurs within 2 weeks to 6 months following initial exposure to the virus. About 
80% of individuals with acute HCV infection exhibit no symptoms. An estimated 15−45% of individuals 
with acute HCV infection mount an immune response that effectively clears the virus. Although no longer 
infected, individuals with cleared HCV infection will still test positive on HCV antibody screening tests [2]. 

Infected individuals who do not naturally clear the infection develop chronic HCV infection. This lifelong 
infection can result in cirrhosis (i.e. severe scarring of the liver) or liver cancer [3].

The World Health Organization (WHO) has identified the primary modes of HCV transmission [2]:

■■  Drug injecting: The sharing of injecting equipment during drug use is a primary cause of HCV 
transmission in many countries, including in a growing number of resource-limited settings. 

■■  Health care: Reuse or poor sterilization of needles, syringes or other medical equipment is also a 
major source of HCV transmission.

■■  Blood: In countries where blood donations are not routinely screened for bloodborne pathogens, 
blood transfusions or other blood products may lead to HCV transmission.

■■  Sexual activity: HCV transmission during penile-vaginal intercourse is uncommon, although HCV 
is transmitted between men who have sex with men, especially among those who are HIV-positive 
[4].

■■  Mother-to-child transmission: HCV-infected pregnant women may pass HCV to their newborns, 
although the odds of mother-to-child transmission are much lower for HCV (4−8 per 100 births 
by infected mothers) than for HIV (17−25 per 100) [5]. Unlike HIV, HCV cannot be transmitted 
through breast-milk [2]. 

HCV transmission has also been linked to tattooing and body piercing when the equipment used is not 
sterile [5]. HCV cannot be transmitted through hugging, kissing or sharing food or drinks with an infected 
person [2]. 

No vaccine is available for the prevention of HCV infection, although efforts to develop a preventive vac-
cine are ongoing.
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Global health burden associated with HCV
Global estimates of the number of persons with HCV infection vary considerably, reflecting the lack of data 
from many countries on the burden of HCV disease. Globally, HCV antibody prevalence is estimated to be 
between 1.6% and 2.8% as compared with a global prevalence for HIV of 0.8% [6−8]. The estimates of 
the number of persons with chronic (i.e. life-long) HCV infection are also uncertain and range between 80 
million and 150 million [2, 7]. 

HCV is a major source of morbidity and mortality, and this burden is increasing. According to the Global 
Burden of Disease Study, an estimated 500 000 persons died in 2010 from HCV-related liver disease, and 
by 2013 the estimated number of deaths increased to 700 000 [9, 10]. For individuals with chronic HCV 
infection, 5–20% will develop cirrhosis (typically, over a period of two or three decades) and 1–5% will 
die of liver cancer [4]. Between 1990 and 2013, of all cancers, only liver cancer caused by HCV increased 
substantially (by 125%) [10]. 

Certain populations are especially heavily affected by HCV. Globally, two in three (67%) people who inject 
drugs are infected with HCV [5]. HCV levels are also elevated in many populations of HIV-positive men 
who have sex with men; in Switzerland, for example, HCV incidence among men who have sex with men 
is now higher than among people who inject drugs [11]. 

The burden of HCV varies considerably between regions (Figure 1) though data are limited. In low- and 
middle-income countries, HCV prevalence reportedly ranges from 1.2% in tropical Latin America to 3.8% 
in Central Asia. In addition, HCV prevalence exceeds 3% in East Asia (3.7%), North Africa and Middle 
East (3.6%) and South Asia (3.4%), with HCV prevalence approaching 3% in Eastern Europe (2.9%) and 
western sub-Saharan Africa (2.8%). It is estimated that at least 50 million people are infected with HCV 
in both East Asia and South Asia, with an additional 11 million HCV-infected people living in South-East 
Asia. North Africa and the Middle East are home to 11 million people with HCV infection [5]. 

Figure 1. Global prevalence of HCV

Source: Gower E et al. Global epidemiology and genotype distribution of the hepatitis C virus infection. Journal of hepatology. 
2014;6(1Suppl):S45–57.



14

Hepatitis C Medicines Technology and Market Landscape

Patterns of transmission vary across the globe. In high-income countries, HCV is typically transmitted 
through use of certain medical equipment (e.g., kidney dialysis, endoscopy) and during injecting drug use 
[12], although recent years have seen a notable increase in transmission among HIV-positive men who 
have sex with men [13]. In resource-limited settings, health-related interventions, such as blood transfu-
sions and injections of medicines, are an important source of HCV transmission. Frequent injections, 
especially where infection control practices are suboptimal, facilitate rapid HCV transmission; in Egypt, 
for example, an estimated 9.8% of the population is infected with HCV [5]. 

There are six primary genotypes of the virus. Genotypes 1 and 3 are the most prevalent, accounting for 
46.2% and 30.1% of HCV cases worldwide, respectively [14]. Together, genotypes 2, 4 and 6 represent 
22.8% of HCV cases, while genotype 5 accounts for less than 1% [14]. Within regions, substantial genetic 
variation is apparent (Figure 2).

Figure 2. Global distribution of HCV genotypes 1−6

HC V  genotypes  1-6 worldwide 

Source: Messina JP et al. Global distribution and prevalence of hepatitis C virus. Hepatology. 2015;1(1):77−87. 

HIV/HCV coinfection
The HCV and HIV epidemics interact in several ways. Both viruses, for example, have similar transmission 
routes. In addition, pre-existing HIV infection increases susceptibility to HCV acquisition [5]; HIV-positive 
men who have sex with men appear more likely to contract HCV than their HIV-uninfected peers, and 
pregnant women living with HIV are similarly more likely than HIV-negative pregnant women to pass the 
virus along to their newborns.

Worldwide, 4−5 million people are coinfected with HIV and HCV [5]. Among geographical populations 
of individuals who acquired HIV through injecting drug use, it is common to find that HCV prevalence 
exceeds 90% [4, 15, 16]. More than a dozen countries in multiple regions are home to at least 100 000 
people with HIV/HCV coinfection (Figure 3).
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Figure 3. Estimated number of HIV/HCV coinfected people

Source: Center for Disease Analysis.

In high- and upper-middle-income countries, an estimated 20% and 25%, respectively, of people living 
with HIV are coinfected with HCV. Somewhat lower coinfection rates are estimated for lower-middle-
income (15%) and low-income (10%) countries [17], although data are limited. Low- and middle-income 
countries account for an estimated 45% of all coinfected people [18]. 

Rates of coinfection tend to be closely related to overlapping risk patterns for HIV and HCV. Countries 
where people who inject drugs and men who have sex with men are at highest risk for HIV usually have 
the highest rates of coinfection [19−21]. However, these populations are often still heavily affected by 
HIV/HCV coinfection even in settings where overall coinfection rates are low. 

Coinfection has important clinical consequences. HIV infection accelerates the progression of HCV-related 
cirrhosis and fibrosis [22−27]. Whether HCV has an effect on the progression of HIV remains uncertain, 
with studies reaching conflicting conclusions. However, it is clear that HCV worsens health outcomes 
for people living with HIV and increases all-cause AIDS-related and liver-related morbidity, hospitaliza-
tion and mortality in this population, even among people receiving antiretroviral therapy [28−34]. For 
individuals who develop cirrhosis, coinfection increases by six-fold the risk of hepatic decompensation, 
resulting in substantially lower survival among the coinfected in comparison to people infected with HCV 
alone [35, 36]. 

Ironically, even as antiretroviral therapy has dramatically improved HIV-related clinical prospects, its 
scale-up has increased the incidence of HCV-related disease complications among people living with HIV 
because coinfected persons who in earlier years would have died of AIDS are now living long enough 
to experience severe liver damage as a result of chronic HCV infection. In settings where antiretroviral 
therapy is widespread, HCV-related end-stage liver disease is now a leading cause of death among people 
living with HIV [31, 32, 34]. This pattern has been especially pronounced in high-income countries, where 
HIV treatment has been widespread for roughly two decades. Although only limited data are available 
from the low- and middle-income countries where HIV treatment has more recently been expanded, it can 
be anticipated that increased longevity associated with antiretroviral therapy will also lead to increased 
incidence of HCV-associated end-stage liver disease in those countries. 
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4. Factors that can facilitate the uptake of new HCV medicines
For a new treatment to become available for use in resource-limited settings, a multi-step process is typi-
cally required.

Initial regulatory approval
Initial regulatory approval for a new medicine is usually granted by a regulatory body in a high-income 
country, such as the USA’s Food and Drug Administration (USFDA), the European Medicines Agency 
(EMA) or the Pharmaceuticals and Medical Devices Agency of Japan. In the case of recent advances in 
HCV treatment, for instance, the USFDA was the first to approve sofosbuvir (SOF), while simeprevir (SIM) 
was first approved in Japan. Approval by such regulatory bodies allows a drug to be marketed only in the 
country (or countries) over which the particular agency has jurisdiction (e.g. the USA for the USFDA). 
However, approval by a stringent regulatory body can prove influential more widely. 

For HIV medicines, the USA has typically required that a drug be approved by the USFDA before it may 
be purchased with USA funds for international health assistance, and the USFDA has created a tentative 
approval procedure for this purpose. 

Role of WHO
WHO is the global agency of most immediate importance with respect to the introduction of new medi-
cal innovations in resource-limited settings. WHO strongly influences practice in low- and middle-income 
countries through its clinical guidelines, prequalification process and Model List of Essential Medicines. 
For instance:

■■  Guidelines: In April 2014, WHO produced its first guidelines dealing with the treatment of HCV [5]. 
These Guidelines for the screening, care and treatment of persons with Hepatitis C infection provide 
guidance on such matters as HCV screening, administration of HCV treatment, clinical monitoring, 
operational and implementation issues, and considerations for specific populations. Acknowledging 
that the HCV treatment landscape is rapidly evolving, WHO indicated in 2014 that the guidelines 
would be regularly updated to take account of a rapidly evolving standard of care.

■■  Model List of Essential Medicines List: The WHO Essential Medicines List contains more than 
400 medicines and is revised every two years [37]. The list provides guidance to resource-limited 
countries on priority medicines for procurement and use. Any party may submit an application to 
WHO for inclusion of a product on the Essential Medicines List, with the WHO Expert Committee 
taking into account such factors as disease prevalence, safety and efficacy in determining 
whether to include a new drug on the list. Pegylated interferon alpha and ribavirin are included 
in the current (18th) version of the list [37]. Applications for the inclusion of several direct-acting 
antivirals (DAAs) (notably daclatasvir, SIM, SOF, and the fixed-dose combination ledipasvir/SOF) 
have been submitted to WHO2 and will be considered in the upcoming revision of the Essential 
Medicines List in April 2015. 

■■  Prequalification: Prequalification by WHO is often a prerequisite for donors to use their funds to 
purchase a particular drug. To be eligible for prequalification, medicines or diagnostics must be 
on the Essential Medicines List or be included in WHO treatment guidelines. Using information 
submitted by manufacturers, WHO undertakes a comprehensive evaluation of the quality, 
safety and efficacy of a medical product under consideration for prequalification. WHO’s list 
of prequalified drugs is primarily intended to guide procurement decisions by United Nations 
agencies but over time it has become influential with respect to procurement decisions by national 
governments and donors. In September 2014, WHO issued for the first time a specific invitation for 
expressions of interest from manufacturers and suppliers of medicines for HCV and hepatitis B as 
well as HIV-related medicines for product evaluation with a view to WHO prequalification.

2 See: http://www.who.int/selection_medicines/committees/expert/20/applications/en/ (accessed 18 January 2015).

http://www.who.int/selection_medicines/committees/expert/20/applications/en/
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■■  Price transparency: In December 2014, WHO added a section on price information of HCV 
medicines to its database for prices of HIV medicines. 

■■  Patent information: WHO published reports on the patent status of seven new and pipeline HCV 
medicines in August 2014 [38−44]. These reports provide information on the patents and patent 
applications pertaining to those medicines for all low- and middle-income countries for which 
information could be found. 

National action
Registration of a new product in the country where it will be used is a critical step towards making a medi-
cine available for use in clinical settings. As in the case of WHO prequalification, manufacturers must ap-
ply for registration of their new products by the relevant regulatory authority. Delays in registration of new 
products are common in some in low- and middle-income countries, especially where national regulatory 
authorities are weak [45] or under-resourced. 

To guide national procurement decisions and clinical practice, more than 150 countries have their own 
national lists of essential medicines. Countries also translate international treatment recommendations 
into national guidelines for clinical practice. In 2013, 64 countries (or 51% of those providing information 
to WHO) had clinical guidelines in place for the treatment of HCV, with treatment guidelines addressing 
HIV/HCV coinfection in 35 of these countries [1].

In 2013, 47 countries (or 37% of respondents) reported the existence of a national strategy focused exclu-
sively or primarily on HCV control, with 93 countries (74%) reporting that a viral hepatitis control pro-
gramme was in place [1]. In 37 of the 47 countries with national HCV strategies, these frameworks address 
HCV treatment and care [1]. Among the 93 countries with a national HCV control programme, 55% 
reported HCV-related activities specifically focused on people who inject drugs and 47% reported activities 
focused on people living with HIV [1]. 

National patent laws and decisions of the national patent office to grant or reject patents related to HCV 
medicines also impact on access to HCV medicines. This is addressed below in Section 4 on “Market 
landscape”. 
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5. Technology landscape

Overview
Until recently, the standard of care for treatment of HCV involved a combination of pegylated interferon 
(Peg-IFN) and ribavirin (RBV). The standard measure of cure for HCV is undetectable HCV ribonucleic 
acid (RNA) 12−24 weeks after completing a course of treatment; this is called sustained virological 
response (SVR). SVR rates for the combination Peg-IFN + RBV were suboptimal (~55%), with even 
lower cure rates reported for coinfected persons. In addition, the combination of Peg-IFN and RBV is 
expensive compared with other priority therapeutics in resource-limited settings. It is also associated with 
debilitating and often intolerable side-effects that require monitoring, which can be complex and taxing 
for both patients and clinicians [46−49].

Recent years have seen profound advances in the medical management of HCV infection with the devel-
opment of new medicines (direct-acting antivirals or DAAs). The new DAAs can cure HCV infection, as 
measured by SVR. A host of studies has found that SVR reduces AIDS-related, liver-related and non-AIDS-
related morbidity and mortality among individuals with HIV/HCV coinfection, even when liver disease is 
advanced [28, 50, 51].

In 2011, researchers established proof of concept for an interferon-free cure with oral drugs [52]. Emer-
gence of a series of DAA regimens with cure rates exceeding 90%, for both mono-infected and coinfected 
patients, has changed the standard of care for HCV [53-56]. These newer regimens are safer, more toler-
able, simpler and shorter than Peg-IFN + RBV, and they require less intensive monitoring. Targeting vari-
ous stages in the HCV replication process, DAAs come in a number of classes – namely protease inhibitors, 
nucleoside/tide polymerase inhibitors, NS5A inhibitors, and non-nucleoside polymerase inhibitors.

With a robust pipeline in place for HCV treatments, further research advances are anticipated in the near 
future, with expectations that one or more DAAs or combinations thereof that meet the target product pro-
file for an optimally effective HCV cure will be available in the not too distant future. The ideal treatments 
would yield cure rates of 90% or more for both mono-infected and coinfected patients, across all geno-
types as well as in people with cirrhosis. They should be available for use along with WHO-recommended 
antiretroviral medicines (ARVs) and should be suitable for delivery in existing HIV treatment programmes 
in resource-limited settings.

Although progress on the HCV therapeutic front has been transformative, access to existing DAAs is virtu-
ally non-existent in most resource-limited settings. In addition to delays associated with the multiple steps 
required for new drugs to become available in developing countries, the high prices attached to these new 
DAAs make them currently unaffordable for many countries.

Treatments for HCV infection
This section summarizes the available safety and efficacy data on existing and pipeline medicines for the 
treatment of HCV, including both the now-superseded standard of care (Peg-IFN + RBV) and the recently 
launched and emerging DAAs.

1. Pegylated interferon and ribavirin
Neither interferon (IFN, an infection-fighting cytokine produced with recombinant DNA technology) nor 
RBV (a nucleoside analogue) was originally developed for treatment of HCV. INF activates an immune 
response that defends against HCV infection. RBV interferes with viral replication. When combined with 
RBV, IFN cures twice as many patients as IFN alone [57].

Interferon alpha 2a and 2b have been commercially available since 1986. Generic RBV is available at a 
daily cost of US$0.30. Treatment with interferon alpha 2a and 2b requires injections three times per week.

The first version of (Peg-IFN was launched in 2001. By enhancing the duration of IFN in the body, Peg-
IFN reduced the number of injections required to one per week. WHO treatment guidelines recommend 
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Peg-IFN in combination with RBV [5], and in 2013 WHO added Peg-IFN as a complementary medicine 
(i.e. a drug that is “…not necessarily affordable, or for which specialized care facilities or services may be 
needed”) to its Model List of Essential Medicines [37]. In 2013, 55% and 58% of countries reported inclu-
sion of Peg-IFN and RBV, respectively, on their national essential medicines list [1].

Although Peg-IFN + RBV served as the cornerstone of HCV treatment for more than a decade, the combi-
nation is far from ideal. First, while lower than those for DAAs, prices for Peg-IFN + RBV are nevertheless 
high. In addition, treatment efficacy is suboptimal, with only slightly more than half of the people who 
start therapy achieving SVR [48, 49, 58]. Efficacy of Peg-IFN + RBV declines as patients have more liver 
damage (and thus have a more urgent need for treatment). Efficacy is also notably lower for patients coin-
fected with HIV compared to individuals infected with HCV alone.

Peg-IFN + RBV requires extensive monitoring of safety and efficacy and quantification of the HCV viral 
load at multiple time points, but also renders genotyping and assessment of the severity of liver disease 
necessary. This is complex and requires the availability of a number of diagnostic tests. 

SVR rates with Peg-IFN + RBV are notably higher for genotypes 2 and 3 than for genotypes 1 and 4 (there 
is only limited data on efficacy for genotypes 5 and 6). Efficacy is especially poor in coinfected persons, 
with the most prevalent genotype 1 (14−29%). SVR rates and treatment duration for Peg-IFN + RBV are 
summarized by genotype in Table 1.

Table 1. SVR: by HCV genotype and HIV status, PEG-IFN + RBV [47-49, 58-65]

Genotype T Duration % SVR, HCV % SVR, HIV/HCV

1 48 weeks 49% (meta-analysis, LMIC treatment 
programmes)
 ~44% (clinical trials) 

24.5% (meta-analysis; observational 
cohort data)
14−29% (clinical trials) 

2/3* 24 weeks in HCV mono-
infection; usually 48 
weeks in HIV/HCV 

59% (meta-analysis, LMIC treatment 
programmes)
~80% (clinical trials)

59.8% (meta-analysis; observational 
cohort data)
genotype 2: 68.3%; genotype 3: 
56.5% (clinical trial)

4 48 weeks 49% (meta-analysis, LMIC treatment 
programmes)
77% (clinical trials; limited data and 
small sample size)

24.5% (meta-analysis; observational 
cohort data)
28% (retrospective analysis; two 
multicentre studies) 

5 48 weeks 55−87% (clinical trials; limited data 
and small sample size)

No data

6 48 weeks 66−86% (clinical trials; limited data 
and small sample size)

No data

*SVR in genotypes 2 and 3 are often reported together, although PEG-IFN and RBV are more effective for genotype 2 than for genotype 3. 
LMIC = low- and middle-income countries.

As Table 1 illustrates, the duration of treatment with Peg-IFN + RBV is quite long (24 or 48 weeks, 
depending on the HCV genotype). 

In addition, treatment with Peg-IFN + RBV is commonly associated with side-effects, such as influenza-
like symptoms, neutropenia, anemia, thrombocytopenia, psychiatric events and worsening of existing, or 
occurrence of de novo, autoimmune disorders (e.g. type 1 diabetes, thyroid dysfunction, psoriasis, rheu-
matoid arthritis) [66, 67]. Almost one in four (24%) patients enrolled in four clinical trials was unable 
to tolerate Peg-IFN + RBV [68]. According to a survey of 697 physicians from 29 countries, fear of side-
effects and concerns regarding treatment duration represent critical barriers to effective HCV treatment 
[69]. Because of the high prevalence of side-effects, many HCV-infected people are unable to take Peg-IFN 
+ RBV due to pre-existing medical conditions. 
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Peg-IFN + RBV’s side-effects are especially severe for coinfected patients, who are more likely than mono-
infected patients to experience weight loss, anaemia, neutropenia and thrombocytopenia [70-73]. The HIV 
antiretrovirals didanosine and zidovudine are contraindicated during HCV treatment with Peg-IFN + RBV 
[72, 74, 75].

In recent years, Peg-IFN + RBV has been combined with other HCV treatments such as HCV protease 
inhibitors or SOF. These combinations have generated higher cure rates compared with the traditional 
treatment of Peg-IFN + RBV alone, although side-effects and contraindications associated with these older 
medicines reduce the utility of such combinations.

2. Direct-acting antivirals
The emergence of numerous DAAs in recent years has allowed the development of highly effective, IFN- 
and RBV-free HCV regimens, dramatically altering the standard of care for HCV treatment. In addition to 
enhanced tolerability, shorter treatment duration and less intensive monitoring requirements, these regi-
mens generate cure rates substantially greater than those achieved with IFN-based regimens.

This section initially analyses individual DAAs within the various anti-HCV drug classes, organized accord-
ing to the component of the HCV replication cycle targeted by the drugs. Within each class of drugs, the 
discussion first examines medicines that have already been approved by at least one regulatory body and 
then describes the current state of the research pipeline. The section closes with a discussion of currently 
available and in-development combination DAA regimens.

There is, however, an important caveat: developments in the field of HCV are taking place rapidly, which sug-
gests that the standard of care may continue to evolve. As shown in Figure 4 and Annex 1, a robust pipeline 
exists for DAAs and is transforming the HCV therapeutic landscape rapidly. As a result, achieving the goal of 
having a safe, tolerable, highly effective, pan-genotypic and user-friendly HCV regimen is coming into sight.

Figure 4. Overview of DAAs on the market and in the pipeline (phase II and III).

Source: UNITAID. 
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a. HCV protease inhibitors
HCV protease inhibitors prevent the release of proteins that are essential to viral replication. The emer-
gence of HCV protease inhibitors represented the first substantial step away from exclusive reliance on 
Peg-IFN + RBV, although the earliest HCV inhibitors were used in combination with Peg-IFN + RBV. 

As a class, HCV protease inhibitors have significant limitations. Current HCV protease inhibitors are not 
pan-genotypic, although there are hopes that at least two candidates in the pipeline will offer therapeutic 
benefits across all genotypes. In genotype 1a, the resistance profile and SVR rates are suboptimal with 
protease inhibitor-based regimens. HCV protease inhibitors also have a propensity for drug−drug interac-
tions and cannot be co-administered with many commonly-used medications, including some antiretro-
viral drugs.

Despite these drawbacks, protease inhibitors play an important role in several promising combination 
regimens. However, their limitations diminish their value for patients with HIV/HCV coinfection.

Boceprevir and telaprevir
In 2011, the USFDA and the EMA approved the first DAAs – the protease inhibitors boceprevir (BOC) and 
telaprevir (TPV). Approval of these medicines represented an important breakthrough for HCV treatment, 
increasing SVR rates to about 70% for genotype 1 and shortening treatment duration for early respond-
ers who were HIV-negative, non-cirrhotic, treatment-naïve or relapsers [76, 77]. Similar SVR rates were 
reported in coinfected patients after 48 weeks of treatment [78, 79]. However, these medicines have now 
been superseded by safer, simpler, more effective and more tolerable anti-HCV agents.

There are several limitations to BOC and TPV. Neither drug is pan-genotypic, with efficacy limited to geno-
type 1. Both drugs must be used in combination with Peg-IFN + RBV, and each is less effective and more 
toxic when administered in people with cirrhosis [80].

Substantial infrastructure requirements are associated with BOC-based or TPV-based regimens. Both are 
administered as response-guided therapy, with treatment duration in HIV-uninfected, non-cirrhotic, treat-
ment-naïve or relapsers3 ranging from 4 to 48 weeks. Intensive safety monitoring is needed, with up 
to eight clinic visits and at least 50 laboratory tests required for a course of treatment [81], limiting the 
viability of BOC- and TPV-based treatment in resource-limited settings. In the USA, a major New York City 
hospital reported a median cost per SVR with TPV-based treatment of US$ 189 000 [82]. 

BOC- and TPV-based regimens are also not user-friendly. These therapies require two or three daily doses, 
must be taken with food, and interact with many commonly prescribed medications, including some anti-
retroviral medicines. Side-effects are common, including gastrointestinal adverse events, itching, serious 
or life-threatening rash, hypersensitivity and haemorrhoids. BOC and/or TPV also have side-effects which 
add to those already associated with Peg-IFN and RBV, especially in patients with cirrhosis [80].4 

As a result of the complexity and toxicity of BOC- and TPV-based regimens, real-world SVR rates are much 
lower than those reported by clinical trials. Among treatment-naïve patients, SVR rates of about 55% are 
reported, with half of patients who initiate BOC- or TPV-based treatment outside clinical trials discontinu-
ing the regimens prior to cure [80].  

In 2013, almost 20% of countries reported having BOC and/or TPV on their list of essential medicines [1]. 
With newer, superior, IFN-free regimens now available, the 2014 WHO guidelines now “suggest”, rather 
than “recommend”, the use of BOC or TPV [5]. Leading professional groups – such as the American 
Association for the Study of Liver Diseases, the Infectious Disease Society of America, and the European 
Association for the Study of Liver Disease – no longer recommend BOC or TPV [83]. Both products are 
being withdrawn from the market in the USA [84, 85]. 

3 A person is said to be “treatment-naïve” if he or she has never received therapy with a licensed HCV medicine. A person with HCV who initially had 
treatment-associated SVR and later has detectable virus is said to have “relapsed”.
4 See also prescribing information for BOC at http://www.merck.com/product/usa/pi_circulars/v/victrelis/victrelis_pi.pdf and for TPV at http:///www.
accessdata.fda.gov/drugsatfda_docs/label/2012/201917s007lbl.pdf (accessed 29 January 2015). 

http://www.merck.com/product/usa/pi_circulars/v/victrelis/victrelis_pi.pdf
http:///www.accessdata.fda.gov/drugsatfda_docs/label/2012/201917s007lbl.pdf
http:///www.accessdata.fda.gov/drugsatfda_docs/label/2012/201917s007lbl.pdf


22

Hepatitis C Medicines Technology and Market Landscape

Simeprevir
In 2013, SIM, the first once-daily HCV protease inhibitor, was approved in Japan, Canada and the USA. 
Developed for use in combination with Peg-IFN + RBV in genotypes 1 and 4, SIM generated cure rates 
above 80% after 24 weeks (12 weeks of SIM + Peg-IFN + RBV, followed by 12 weeks of Peg-IFN + 
RBV) [86-89]. Citing high-quality evidence, WHO’s 2014 HCV treatment guidelines recommend SIM with 
Peg-IFN and RBV for treating genotypes 1b and 1a (without the Q80 mutation5) in lieu of Peg-IFN + RBV 
alone [5]. Although originally developed to be used in combination with Peg-IFN + RBV, SIM has been 
successfully evaluated in other combinations, leading the USFDA in October 2014 to approve the IFN-free, 
RBV-free, 12−24 week combination of SIM + SOF for the treatment of genotype 1.

Like its fellow HCV protease inhibitors BOC and TPV, SIM has some inherent limitations. It does not have 
pan-genotypic efficacy and cannot be used in combination with many antiretroviral medicines, including 
HIV protease inhibitors, cobicistat-based regimens, and most non-nucleoside reverse transcriptase inhibi-
tors. SIM is not recommended for people with advanced cirrhosis. Because it can cause rash and photo-
sensitivity, patients receiving SIM are advised to avoid direct exposure to the sun, and to use sunblock, 
hats and protective clothing during treatment. While the development of SIM represented a step forward 
in the evolution of HCV treatments, its role in low- and middle-income countries will probably be limited.

Asunaprevir
Japan approved asunaprevir (in combination with daclatasvir) for the treatment of HCV in 2014.6 In Octo-
ber 2014, however, Bristol-Myers Squibb withdrew its USFDA application for this combination, citing the 
rapid evolution of HCV treatments. Asunaprevir requires frequent liver enzyme monitoring. 

Paritaprevir
Paritaprevir was approved by several stringent regulatory bodies in late 2014. It is co-formulated with 
ombitasvir and boosted with ritonavir. This fixed-dose combination (FDC) forms as part of AbbVie’s “3D” 
combination (See the discussion below of the “3D” combination.)

Vaniprevir
In September 2014, vaniprevir, an oral twice-daily protease inhibitor was approved in Japan. Merck has 
since announced that it plans to make vaniprevir available only in Japan.6

Pipeline for HCV protease inhibitors
Development of a number of HCV protease inhibitors has stalled or has been halted due to side-effects, 
with reported adverse events including cardiotoxicity or hepatoxicity for various candidates. In June 2014, 
Boehringer Ingelheim discontinued development of faldaprevir and announced plans to withdraw pending 
marketing applications for the drug, citing the imminent availability of IFN-free treatment options.

Second-wave and next-generation HCV protease inhibitors appear to hold promise as they are more potent, 
less prone to resistance, more convenient (most are once-daily) and more tolerable than earlier drugs of 
this class. In particular, there are hopes that Gilead’s Phase I candidate, GS-9857, and AbbVie’s Phase II 
drug, ABT-493, will have pan-genotypic efficacy.

Table 2 summarizes the state of the pipeline for HCV protease inhibitors that are currently in development.

5 This mutation, which was found to reduce treatment efficacy in clinical trials, is common among patients infected with genotype 1a (48% in clinical 
trials) but infrequent among persons with genotype 1b. See: http://hepatitiscnewdrugresearch.com/olysiosimeprevir-resistant-variant-q80k.html (accessed 
29 January 2015).
6 The mix of genotypes in Japan is unique: genotype 1b is the dominant genotype (followed by genotype 2), while genotype 1a is very rare.

http://hepatitiscnewdrugresearch.com/olysiosimeprevir-resistant-variant-q80k.html
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Table 2. HCV protease inhibitors in development [80, 83, 90-93] 7

Compound and 
Company Phase Dose Cautions Comments

 ABT-493
 AbbVie

II Under study; QD Multi-genotypic activity; 
active against resistant 
variants (in vitro)

In development and co-
formulated with ABT-530, an 
NS5A inhibitor

 ACH-1625 
(Sovaprevir)
 Achillion 
Pharmaceuticals

II ≤200 mg QD Partial clinical hold remains 
for multiple-dose studies 
in healthy volunteers; dose 
limited to 200 mg in HCV 
patients

 Danoprevir/r
 Hoffman-LaRoche

II 100/100 BID Stalled in phase II; BID-
dosing and ritonavir 
boosting; less effective in 
genotype 1a

Also studied in genotype 4

 GS 9451
 Gilead Sciences

II 80 mg QD Only one trial, SYNERGY 
(NIAID-sponsored)

 Asunaprevir
 BMS

III; 
USA approval 
sought only for 
“TRIO” regimen; 
expected in 2015

100 mg BID 
with daclatasvir; 
200mg BID in 
triple regimen

BID dosing; propensity for 
drug−drug interactions; 
some ALT elevations

Primary interest is use in 
BMS “TRIO” regimen (with 
daclatasvir (NS5A inhibitor) 
and beclabuvir (non-
nucleoside polymerase 
inhibitor) 

Grazoprevir (MK-
5172)/ MK-8742 
(elbasvir)
 Merck

III; 
approval 
expected in 
2015/2016

100 mg/50 mg 
QD

Propensity for drug−drug  
interactions; currently, can 
be used with raltegravir-
based ART only

FDC: coformulated with 
MK-8742 (NS5A inhibitor); 
studies underway in 
genotypes 1, 2, 4, 5 and 6, ± 
RBV; with SOF in G 1,2, 3

Note: BMS = Bristol-Myers Squibb; QD = once a day; BID = twice a day; ALT = alanine aminotransferase (a liver enzyme); ART = antiretroviral 
therapy.

b. Nucleoside/tide polymerase inhibitors
SOF is currently is the only approved nucleotide polymerase inhibitor. Additional nucleoside/tide poly-
merase inhibitors are in the drug development pipeline. 

Sofosbuvir
SOF is a once-daily, pan-genotypic nucleoside polymerase inhibitor that is rapidly becoming the backbone 
of HCV treatment. SOF is potent, has a high genetic barrier to the development of resistance, is associ-
ated with few drug−drug interactions, and is safe and well tolerated. In Phase III trials, less than 3% of 
participants in SOF-based, IFN-free arms were discontinued as a result of adverse events, with fatigue and 
headache representing the most commonly reported adverse events [94−97].8

SOF must be used in combination with other anti-HCV medicines. WHO treatment guidelines include 
a strong recommendation, based on high-quality evidence, for SOF-RBV (with or without Peg-IFN) for 
treating HCV genotypes 1, 2, 3 and 4 [5]. Data are limited for genotypes 5 and 6. As the discussion below 
regarding combination regimens indicates, recent clinical trials have yielded evidence of the clinical value 
of other SOF-based combinations.

7 See also prescribing information for Olysio®: http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/205123s001lbl.pdf (accessed 29 January 2015). 
8 See also Sovaldi® prescribing information: http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/204671s000lbl.pdf (accessed 29 January 2015).

http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/205123s001lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/204671s000lbl.pdf
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SOF has been studied in treatment-naïve and treatment-experienced patients, in individuals with mono-
infection and coinfection, and in patients with and without cirrhosis. SOF has also been evaluated in 
a variety of combinations, including with Peg-IFN + RBV, RBV alone and in a wide array of IFN- and 
RBV-free combinations. SOF-based combinations are typically achieving cure rates in excess of 90% (see 
below), although studies indicate occasional variations in efficacy depending on the genotype. Data are 
not currently available across all genotypes for all SOF-based combinations.

Pipeline for nucleoside/tide polymerase inhibitors
A number of other nucleoside/tide polymerase inhibitors are in development. Efforts to develop additional 
drugs in this category have encountered considerable challenges. Most notably, several investigational 
nucleoside/tide polymerase inhibitors have been discontinued due to toxicity concerns, including renal 
and cardiac toxicity, gastrointestinal adverse events, lymphopenia, neutropenia and hepatoxicity. 

Among nucleoside/tide polymerase inhibitors, the furthest along in development is mericitabine, although 
its performance (with or without IFN and other DAAs) has been lackluster. As a result, mericitabine 
appears to be stalled in Phase II.

VX-135 showed initial promise, but USFDA placed a clinical hold on the 200 mg dose after elevated liver 
enzymes were reported at the 400 mg dose. SVR rates from a Phase IIa trial of VX-135 (73% in the 100 mg 
arm and 83% in the 200 mg arm) were lower than those reported for other regimens in development [98]. 
Vertex announced plans to out-license VX-135 in 2014.

Other molecules in early stages of development include ACH-3422 (Achillion), as well as IDX-20963 and 
IDX-21437 (Merck); safety and efficacy information on these compounds is eagerly awaited. In November 
2014, Janssen acquired Alios BioPharma, including their two HCV nucleotide polymerase inhibitors – 
AL-335 (about to enter Phase I testing) and AL-516 (in preclinical development).

Table 3 summarizes the current state of development of non-SOF nucleoside/tide polymerase inhibitors.

Table 3. HCV Nucleoside/tide polymerase inhibitors in development [99]  

Compound and 
Company Phase Dose Cautions Comments

ACH-3422
Achillion

I Under study; QD In vitro, increased potency 
against HCV genotype 3

MK-3662 (formerly 
IDX 21437)
Merck

I/II Under study; likely to 
be 300 mg QD

Limited data; likely to be 
developed only with Merck’s 
other DAAs

Mericitabine
Roche

II 1000 mg BID Appears to be stalled in phase 
II; it does not significantly 
increase SVR

VX-135
Vertex

II <200 mg QD USFDA put clinical hold on 200 
mg dose; Vertex seeking to 
out-license this drug

Note: QD = once a day; BID = twice a day.  

c. NS5A inhibitors
NS5A inhibitors impede HCV replication through multiple mechanisms, blocking both viral synthesis 
inside infected cells as well as the assembly and release of HCV virions. Studies of NS5A inhibitors have 
primarily enrolled patients with genotypes 1, 2, 3 and 4, with more limited data available regarding people 
with genotypes 5 and 6.

NS5A inhibitors are usually quite potent, although they do not have a high genetic barrier to resistance. 
Baseline resistance to NS5A inhibitors is common (at least in genotypes 1, 2, 3 and 4, where they have 
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been most heavily studied), although many people with pre-existing resistance have been cured, espe-
cially when treatment has been extended to 24 weeks [100−103]. Combining an NS5A inhibitor with a 
potent drug with a superior resistance profile improves treatment outcomes, with cure rates of some such 
combinations approaching 100%. However, patients who are unsuccessfully treated with combination 
regimens that include NS5A frequently have post-treatment resistance, the long-term consequences of 
which remain unclear [104]. 

Most NS5A inhibitors are taken once daily. NS5A inhibitors may interact with some antiretroviral medi-
cines. For instance, for daclatasvir-containing HCV regimens, dose adjustments are required for coinfected 
patients who are taking efavirenz, ritonavir-boosted atazanavir or certain other ARVs. 

NS5A inhibitors are critical components of safe, pan-genotypic, highly effective and tolerable regimens, 
in part because some NS5A inhibitors do not require RBV. However, additional research is needed to opti-
mize NS5A inhibitor-based regimens since available data do not clearly indicate which NS5A inhibitor is 
superior or how best to delay or overcome drug resistance.

Daclatasvir
Daclatasvir (DCV) has received regulatory approval from the European Union and Japan in 2014. The 
first NS5A inhibitor ever approved, DCV has been studied with Peg-IFN + RBV and as well as with DAAs 
from each class. Although DCV was developed to be used in combination with RBV, it is likely to be used 
in other ways in future. To date, combinations of DCV with SOF (now in Phase III testing) appear most 
promising (an issue explored in greater depth in the discussion below of DAA combination regimens).

Ledipasvir
Ledipasvir (LDV) is currently available only as an FDC with SOF (brand name Harvoni®). The once-daily 
single tablet regimen has been approved for use in genotype 1 in Canada and the USA and for use in 
genotypes 1 and 4 in Europe (see the discussion below of DAA combinations for more details). Although 
preclinical data indicated that LDV was less potent in genotype 3 than in genotypes 1, 4 and 6, adding RBV 
in Phase II trials produced SVR rates exceeding 80% in genotype 3 [105−107]. 

Ombitasvir
Ombitasvir was approved by several stringent regulatory bodies in November and December 2014; it 
is available as an FDC with ritonavir-boosted paritaprevir. (See the discussion below of AbbVie’s “3D” 
combination.)

Pipeline for NS5A inhibitors
Table 4 summarizes the state of the research pipeline on NS5A inhibitors as of November 2014. As the 
table indicates, approval of additional NS5A inhibitors is expected in 2015−2016. Of particular interest is 
Gilead’s investigational compound GS-5816, which is believed to be pan-genotypic. 
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Table 4. HCV NS5A inhibitors in development [108−115] 

Compound and 
Company

Phase Dose Cautions Comments

MK-8408
Merck

I Under 
study; QD

Pan-genotypic; active against 
resistant variants (in vitro)

ABT-530
AbbVie

II Under 
study

Propensity for drug−drug 
interactions

Pan-genotypic; active against 
resistant variants (in vitro); studied in 
genotype 3 with ABT-450/r ± RBV

ACH-3102
Achillion 
Pharmaceuticals

II 50 mg QD When used with sovaprevir 
(protease inhibitor) and 
ribavirin, high treatment failure 
rate In genotype 1a

Pan-genotypic; active against 
resistant variants (in vitro)
In genotype 1b, Il28B CC, 38% (3/8) 
achieved SVR-24 after 12 weeks of 
ACH-3102 and ribavirin; in genotype 
1, 100% (12/12) achieved SVR-12 after 
8 weeks of ACH-3102 + SOF

JNJ56914845
Janssen

II 30 or 60 mg 
QD

Not pan-genotypic; less potent 
against genotypes 2 and 3

IDX-719 
(samatasvir)
Idenix/Merck

II 25, 50, 100 
or 150 mg 
QD

Idenix was sold to Merck in mid-
2014; the future of samatasvir is 
uncertain (Merck has other NS5a 
inhibitors in development)

Pan-genotypic, but less active 
against genotype 2 (in vitro); studied 
in genotypes 1 and 4

GS-5816/sofosbuvir  
Gilead Sciences

III; 
approval 
expected 
in Q4 
2015 or 
Q1 2016 
2016

100mg QD Propensity for drug−drug 
interactions

FDC: coformulated with sofosbuvir 
(nucleotide polymerase inhibitor)

Elbasvir (MK-8742) 
/Grazoprevir  
(MK-5172)
Merck

III
Approval 
expected 
in 2016

50 mg QD Propensity for drug−drug  
interactions

FDC: coformulated with MK-
5172 (protease inhibitor); trials in 
genotypes 1, 2, 4, 5 and 6 ± RBV; with 
sofosbuvir in genotypes 1, 2 and 3

Note: QD = once a day. 

d. Non-nucleoside polymerase inhibitors
Non-nucleoside polymerase inhibitors generally play a supporting role in HCV therapy. They are normally 
combined with at least one compound from another anti-HCV class in IFN-free regimens. Most non-
nucleoside polymerase inhibitors are effective only against genotype 1, potency varies, and their genetic 
barrier to resistance ranges from low to moderate. Little information is currently available regarding pos-
sible drug−drug interactions or their effectiveness in patients with advanced cirrhosis. All non-nucleoside 
polymerase inhibitors are taken twice a day, with the exception of Gilead’s candidate GS-9669, which is 
taken once daily.

Dasabuvir
Dasabuvir is a non-nucleoside polymerase inhibitor that received initial regulatory approval in late 2014 
for use in combination with ombitasvir/paritraprevir/ritonavir in AbbVie’s “3D” combination. In a Phase 
II trial, the addition of dasabuvir increased the cure rate for the combination regimen from 89% to 96% 
in genotype 1. Patients with genotype 1a and some patients with genotype 1b must take RBV with the 
“3D” regimen.
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Pipeline for non-nucleoside polymerase inhibitors
Numerous candidate non-nucleoside polymerase inhibitors have been discontinued for lack of efficacy, 
toxicity or both. However, some candidates from this class are in development, including Bristol-Myers 
Squibb’s beclabuvir (BMS 791325), which may receive initial regulatory approval in 2015 or 2016 as part of 
a three-drug combination for use in genotype 1. Table 5 summarizes the state of research for unapproved 
candidates in this class as of November 2014.

Table 5. HCV non-nucleoside polymerase inhibitors in development [116−119] 

Compound and 
Company Phase Dose Cautions Comments

GS 9669
Gilead Sciences

II 500 mg QD Future of this drug is 
unclear

Setrobuvir (ANA 595)
Hoffman-LaRoche

II 800 mg BID 
loading dose; 
400 mg BID

Appears stalled in Phase II Future of this drug is 
unclear

TMC647055
Janssen

II 450 mg or 600 
mg QD

Boosted with low-dose 
ritonavir (30 mg)

Beclabuvir (BMS 791325/
DCV/ASV)
Bristol-Myers Squibb

III; 
approval 
expected 
2015/
2016

75 mg BID Twice-daily regimen; 
propensity for drug−drug  
interactions

FDC; coformulated with 
daclatasvir (NS5A inhibitor; 
30 mg) and asunaprevir 
(protease inhibitor, 200 mg) 
in ribavirin- free genotype 
1 regimen

Activity against genotypes 
1,3, 4, 5 and 6 (in vitro); 
studied only in genotype 1

Note: QD = once a day; BID = twice a day.

3. Target product profile
To assess existing HCV therapies as well as those in the development pipeline, it is helpful to identify the 
ideal, or target, profile for HCV drugs or regimens for use in resource-limited settings. The ideal HCV treat-
ment would be:

■■  Safe and tolerable, definitely IFN-free and preferably RBV-free (to avoid side-effects associated with 
RBV), and safe for use in pregnant women,9 children, HIV/HCV coinfected individuals and patients 
with cirrhosis.

■■  Universal or pan-genotypic, effective across all six major HCV genotypes, eliminating the need to 
test for the HCV genotype.

■■  Effective and durable, with high potency and a high genetic barrier to resistance (i.e. unlikely that 
HCV develops resistance to the drug(s) with proper treatment adherence), and associated with SVR 
rates of at least 80% and ideally 90% in all genotypes (see Figure 5).

■■  Simple, including a short duration (no more than 12 weeks), minimal requirements for pre-
treatment assessment or safety/efficacy monitoring during and after treatment, ideally a once-daily 
FDC, and manageable drug−drug  interactions with ARVs, opioid substitution therapy (OST) and 
other commonly-used medications.

■■ Affordable to the people who need HCV treatment and their communities.
■■ Stable at both high and low temperatures.

9 To be safe for use in pregnant women, HCV treatment regimens have to be RBV-free since RBV is embryotoxic and teratogenic.
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Figure 5. Target product profile: SVR of the ideal treatment

At this stage it is difficult to identify best-in-class DAAs, since they are developed only as parts of regi-
mens. Moreover, clinical data are often limited to certain genotypes. Meanwhile, the development of the 
best pan-genotypic combination has been relatively slow, partly due to the commercial focus on in-house 
regimens which has effectively limited the collaborative approaches needed to develop the regimens and 
FDCs that appear to hold the most promise. 

Pan-genotypic regimens, once they exist, will simplify procurement and delivery of HCV treatment, espe-
cially if the duration of treatment does not vary by genotype. Safe and efficacious pan-genotypic regimens 
will also simplify the complex diagnostic algorithm. 

SOF, a once-daily, pan-genotypic nucleotide polymerase inhibitor, is poised to become the backbone of 
HCV treatment. Protease inhibitors are less desirable for treating coinfected patients in low- and middle-
income countries, as they are not pan-genotypic, are likely to have drug−drug interactions with ARVs and 
other commonly used medicines, and may require RBV use, especially for genotype 1a. Non-nucleoside 
polymerase inhibitors, which are primarily active against genotype 1 and require twice-daily dosing, play 
a lesser role. Optimal regimens combine nucleoside/tide polymerase inhibitors and NS5A inhibitors, as 
this combination is typically pan-genotypic and potent, requires once-daily dosing, and generally does not 
include RBV. 

4. Combination regimens versus target product profiles 
As in the case of antiretroviral therapy for HIV infection, optimal treatment for HCV infection involves 
the combination of anti-HCV compounds of different classes. This section describes combinations of the 
individual medicines reviewed above and assesses them on the basis of currently-available data against 
the target profile discussed above. 

Although, SOF has emerged as the backbone of HCV treatment, it is likely that scientific understanding 
of optimal HCV treatment will continue to evolve. Table 6 summarizes current information with respect 
to the efficacy of SOF-based regimens across different subtypes and in different patient populations. For 
detailed information, see Annex 2. 

Annex 3 includes a table summarizing how regimens of key DAAs (including those that have been 
approved, as well as especially promising regimens currently in later stages of development) that are dis-
cussed below fare in comparison to the criteria in the target product profile can be found in.
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Table 6. Summary of SVR of sofosbuvir-based regimens

SVR in HCV mono-infection SVR in HIV/HCV coinfection Treatment duration
Genotype 1 68−100% 76−100% 8−24 weeks

Genotype 2 91−100% 88% 12−24 weeks

Genotype 3 89−100% 89% 12−24 weeks

Genotype 4 86−100% 84% 12−24 weeks

Genotype 5* 100% No data 12 weeks

Genotype 6* 96−100% No data 12 weeks

* Small sample size; 1 person with genotype 5 and 35 people with genotype 6.

a. Approved sofosbuvir-based combination regimens
Three SOF-based regimens have been approved. They generally achieve high cure rates, although lower 
SVR rates have been found in patients with cirrhosis and certain genotypes. Because not all SOF-based 
combinations have been evaluated across all genotypes, there remain gaps in the evidence regarding their 
effectiveness in some patient populations, although available evidence indicates that SOF-based regimens 
tend to be pan-genotypic.

Sofosbuvir + ribavirin
In its initial approval of SOF for the treatment of HCV in 2013, the USFDA advised that SOF should be 
used in combination with either RBV or Peg-IFN + RBV. The combination of SOF + RBV is still relatively 
complex; RBV dosing is weight-based, it must be taken twice daily and,  while pan-genotypic and com-
paratively inexpensive, RBV is associated with numerous adverse events – including teratogenicity, renal 
impairment (requiring dose adjustment), haemolytic anaemia, and cardiac events.10 Fatigue and headache 
were the most common adverse events reported by clinical trials participants who received SOF + RBV. 
RBV can cause birth defects and fetal death and is contraindicated in pregnancy. Women and their partners 
should avoid pregnancy for six months after stopping RBV. 

Cure rates for SOF + RBV are generally lower than those reported for combinations of DAAs, especially at 
12 weeks (Figure 6). In genotypes 3 and 4, a 24-week regimen is more effective than the 12-week regimen. 
SOF + RBV appears to be roughly equally effective in coinfected patients as treatment in mono-infected 
patients [55]. 

Figure 6. Sofosbuvir + RBV: SVR after 12 and 24 weeks

Sources of data: G1: SPARE, QUANTUM, VALENCE; G2: POSITRON, VALENCE, FISSION; G3: VALENCE; G4: Ruane et al. [120].   
Notes: G = genotype. No bar means no data (not “zero efficacy”). 

10 See prescribing information for Copegus: http://www.accessdata.fda.gov/drugsatfda_docs/label/2011/021511s023lbl.pdf (accessed 29 January 2015). 

http://www.accessdata.fda.gov/drugsatfda_docs/label/2011/021511s023lbl.pdf
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An important limitation to SOF + RBV is its suboptimal efficacy for patients with genotype 1, the most 
prevalent genotype globally [53, 97]. 

SOF + RBV is also less effective for people with advanced fibrosis or cirrhosis, especially in genotypes 1 
and 3. While the overall SVR for SOF + RBV in the PHOTON-2 trial was 88%, it fell to 65% in patients 
with cirrhosis [53]. In the SPARE trial, patients with genotypes 1 and pre-cirrhosis or cirrhosis (METAVIR 
F3 or F4) were four times more likely to relapse than patients with mild-to-moderate liver damage; among 
trial participants with more severe liver disease, more than half (54%) relapsed. 

Sofosbuvir/ledipasvir
The FDC of SOF and LDV (brand name Harvoni®) makes for a safe, effective, one-pill, once-daily treatment 
for genotype 1. The fact that this FDC does not need to be used with RBV in genotype 1 makes its side ef-
fect profile superior to that of SOF + RBV. Cure rates for SOF/ledipasvir have topped 95% in gentoypes 1, 
4 and 6, although trial populations were relatively small for genotypes 4 and 6. Lower SVR rates have been 
found for patients with genotype 3, who need to use SOF/LDV with RBV (Figure 7) [94, 105−107, 121]. 

Figure 7. Sofosbuvir/ledipasvir: SVR after 12 weeks

Sources of data: G1: LONESTAR, ION-1, ION-3, ELECTRON, SYNERGY; G3: ELECTRON-2; G4: SYNERGY; G6: Gane et al. [106].  
Notes: G = genotype. No bar means no data (not “zero efficacy”).

A small trial involving coinfected patients also found that SOF/ledipasvir is safe and effective, and other 
studies in coinfected populations are underway or planned. Encouragingly, a study of SOF/ledipasvir in 
treatment-experienced HCV mono-infected patients with cirrhosis yielded an SVR of 86% after 12 weeks 
and 100% after 24 weeks [94]. 

Standard therapy with SOF/ledipasvir lasts 12 weeks, although treatment can be shortened to eight weeks 
for some patients. The combination SOF/ledipasvir can be used with some WHO-recommended ARVs, 
although toxicity monitoring may be required. 

Sofosbuvir + simeprevir
In the Phase II COSMOS trial, SOF + SIM (with or without RBV) achieved SVR rates above 90% among 
null responders and people with compensated cirrhosis after 12 weeks of therapy (Figure 8) [122], prompt-
ing the USFDA to approve the IFN- and RBV-free combination of SOF + SIM for the treatment of genotype 
1. The standard regimen of SOF + SIM lasts 12 weeks, although it is extended to 24 weeks for patients 
with cirrhosis. Efficacy data are not currently not available for patients with genotypes 2−6 and this com-
bination has not been studied in HIV/HCV coinfected patients. 
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Figure 8. Sofosbuvir + simeprevir: SVR after 12 weeks

Sources of data: G1: COSMOS Cohort 2 – includes null-responders, all patients F3/F4 
Notes: G = genotype. No bar means no data (not “zero efficacy”).

b. Additional SOF-based combinations
As part of the rapidly evolving landscape for HCV treatment, additional SOF-based combinations are ac-
tively being explored. 

Sofosbuvir + daclatasvir
An especially promising combination, SOF + DCV, is a potentially pan-genotypic, once-daily regimen that 
was found to be highly effective, safe and tolerable in a Phase II trial. Available evidence indicates that this 
combination is likely to be pan-genotypic, safe and tolerable, simple to administer and take, and effective 
and durable. 

In genotype 1, SVR exceeded 95%, including in people who were unsuccessfully treated with BOC- and 
TPV- based regimens (Figure 9). In treatment-naïve patients with genotype 1, SOF + DCV was found 
to be as effective at 12 weeks as at 24 weeks [123]. High SVR rates were also found in individuals with 
genotypes 2 and 3. Development of this promising combination was delayed by the refusal of Gilead to 
continue a clinical collaboration with Bristol-Myers Squibb; nevertheless, currently, three Phase III trials 
are ongoing. 

Meanwhile the European Product Authorization Report for DCV refers to its use in combination with 
SOF in genotypes 1 and 4, and combination with SOF + RBV in genotype 3 [124].

Figure 9. Sofosbuvir + daclatasvir: SVR after 12 or 24 weeks

Sources of data: G1-G3: A1444040 trial; G3: ALLY-3 
Notes: G = genotype. No bar means no data (not “zero efficacy”).
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Though there is currently no evidence regarding the efficacy of this combination in coinfected patients, 
results from clinical trials are expected in early 2015. It is expected that SOF + DCV will be equally effec-
tive in coinfected patients, since SVR rates normally do not differ by HIV status. 

Results from a Phase II trial indicate that side-effects associated with SOF + DCV are mild-to-moderate, 
most frequently involving headache, nausea and fatigue [123]. Both drugs can be used without dose adjust-
ment in patients with mild-to-moderate renal impairment and in all stages of hepatic impairment. SOF + 
DCV also may be used with most ARVs, although dose adjustments are needed when patients are receiving 
efavirenz, Stribild® or ritonavir-boosted atazanavir [125]. SOF + DCV may be co-administered with metha-
done or buprenorphine, although rifampicin, rifabutin and rifapentine are contraindicated for this regimen. 
SOF + DCV may be taken with or without food and stored at room temperature (below 30˚C). 

Sofosbuvir + GS-5816
Gilead is developing an NS5A inhibitor, GS-5816, co-formulated with SOF. This combination is intended as 
a once-daily, pan-genotypic combination. Only preliminary data are available regarding SOF + GS-5816, 
as an FDC of this combination has entered Phase III trials, with results expected by the end of 2015. Trial 
data are available only in mono-infected patients, and no trials of this regimen are currently known to be 
planned for HIV/HCV coinfected patients.

Preliminary data of SOF + GS-5816 are promising. In a Phase II dose-ranging trial in 154 HIV-negative, 
HCV treatment-naïve, non-cirrhotic study participants with HCV genotypes 1, 2, 3, 4 and 6 (and a single 
patient with genotype 5), 100% of participants with genotypes 1, 2, 5 and 6 were cured. SVR was 93% and 
96% in genotypes 3 and 4, respectively (Figure 10) [126]. 

Figure 10. Sofosbuvir + GS-5816 (100mg): SVR after 12 weeks

Sources of data: G1-3 Tran et al. [127]; G3: ELECTRON-II; G4-G6 results: n<10 
Notes: G = genotype. No bar means no data (not “zero efficacy”).
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Other studies involving SOF
Achillion’s nucleotide polymerase inhibitor, ACH-3422, is in Phase I. A small “proxy” study of ACH-3422 
+ SOF (used as a placeholder for the company’s own nucleoside/nucleotide polymerase inhibitor in early 
development) in 12 patients with genotype 1 found that all were cured (Figure 11) [128]. Other companies 
also may have conducted small-scale studies in which SOF was used as a proxy.

Figure 11. Sofosbuvir + ACH-3102: SVR after 8 weeks

Source of data: Gane et al. [128].  
Notes: G = genotype. No bar means no data (not “zero efficacy”).

c. Non-sofosbuvir combinations

Ombitasvir/paritaprevir/ritonavir + dasabuvir
In late 2014, Swiss Medic, USFDA and Health Canada approved the combination of the FDC ombitasvir/
paritaprevir/ritonavir (EU brand name Viekirax®) with dasabuvir (EU brand name Exviera®) for the treat-
ment of HCV genotype 1, with or without RBV. The combination, produced by AbbVie, is also known as 
“3D”. The copackaged products are marketed in Canada under the brand name Holkira Pak® and in the 
USA under the brand name Viekira Pak®). 

Although high SVR-rates have been reported in genotypes 1 and 4 (Figure 12), this regimen is fairly 
complex; it comprises three tablets in the morning and another in the evening. People with genotype 1a 
are required to add twice-daily RBV, and 24 weeks of treatment are required for some patients (cirrhotic, 
treatment-experienced with genotype 1a). 

Figure 12. Ombitasvir/paritaprevir/ritonavir + dasabuvir: SVR after 12 weeks 

Sources of data: G1: AVIATOR, PEARL-III, PEARL-IV; G4: PEARL-I (no ABT-333 – dual combination). 
Note: G = genotype. No bar means no data (not “zero efficacy”).
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This combination is generally well-tolerated [129]. Although 89% of participants in the SAPPHIRE-I trial 
experienced at least one adverse event, side-effects tended to be mild-to-moderate. Headache and fatigue 
were the most commonly reported side-effects among trial participants. However, as RBV is independently 
associated with side-effects, its use with “3D” can cause or worsen the combination’s side-effect profile. 
In addition, there are many drug−drug interactions.

MK-5712/MK-8742
MK-5712 and MK-8742 have been formulated together in a once-daily FDC that combines a protease in-
hibitor and an NS5A inhibitor. Currently in Phase III, this combination is being evaluated without RBV in 
genotypes 1, 4 and 6 and in combination with SOF in genotypes 1 and 3. A separate 300-person trial is 
planned to investigate the combination’s safety and effectiveness in patients receiving opioid substitution 
therapy. 

Among persons with genotype 1, cure rates exceeding 90% have been found for both mono-infected and 
coinfected patients (Figure 13). However, due to drug−drug interactions, the MK-8742/MK-5172 combina-
tion can be used only with certain ARV regimens [54]. 

Figure 13. MK-8742 + MK-5172: SVR after 12 weeks

Source of data: G1: C-WORTHY (AASLD 2014) 
Note: G = genotype. No bar means no data (not “zero efficacy”).

In 2014, Merck, the maker of this combination, also purchased Idenix, acquiring two nucleotides, IDX21459 
(Phase I) and IDX21437 (early Phase II) as well as multiple patents on drugs in this class. Combined with 
early promising results from MK-8742/MK-5172, Merck’s move opens up the possibility for a NS5A/nucle-
otide combination, or potentially for a three-class, short-course regimen for genotype 1.

Other combinations 
AbbVie’s combination of ABT-493/ABT-530 pairs a protease inhibitor and an NS5A inhibitor. This second-
generation combination, which may have pan-genotypic qualities, has entered Phase II. 

Other combinations, such as asunaprevir/DCV and asunaprevir/BMS-791325/DCV are being studied for 
use in genotype 1.
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6. Market landscape
As the technology landscape demonstrates, the world is on the cusp of having available for use a pan-
genotypic, safe, tolerable, highly effective, simple and user-friendly treatment to cure HCV infection. Avail-
able data suggest that the treatments that meet these criteria will be useful for both HIV/HCV coinfected 
and mono-infected patients and for patients with cirrhosis as well as those at an earlier stage of HCV 
disease.

However, one aspect of the target product profile remains unsatisfied, namely affordability. At present, 
new treatments are vastly too expensive to permit rapid scale-up in resource-limited settings. Indeed, these 
new treatments are so costly that many high-income countries are struggling to pay for them. 

This section describes the market for the breakthrough HCV medicines that have the potential to reduce 
radically the health burden associated with HCV infection. The section examines both challenges associ-
ated with ensuring a robust supply of HCV drugs as well as market forces affecting the procurement and 
distribution of these medicines.

The market for DAAs is new in all parts of the world and virtually non-existent at present in low- and 
middle-income countries. As most of the DAAs discussed above have either only recently been approved 
or are yet to receive regulatory approval, market information is available only for the limited number of 
countries where the new DAAs have already been launched. Although this section demonstrates that the 
broad outlines of the market challenge posed by new DAAs are now apparent, many of the details will 
become clear only in the coming months and years.

Market for existing products
This section describes market dynamics associated with the DAAs, as well as issues related to the potential 
production of generic DAAs. As the emerging backbone of HCV treatment, SOF is the primary focus of this 
section, which also provides information on the supply of other DAAs where it is available.

1. Regulatory approval 
BOC and TPV were approved by the USFDA in May 2011. SIM and SOF received their first marketing ap-
proval by a stringent regulatory authority in the second half of 2013. Seven further DAAs were approved 
for use in at least one country in 2014. Table 7 provides an overview of the registration dates of those nine 
new DAAs as of 31 December 2014, inasfar as data are available. 

As of 9 December 2014, SOF was registered in one middle-income country (Egypt). Its registration was 
pending in two low-income countries, six lower-middle-income countries and four upper-middle-income 
countries, while Gilead was planning to file for registration in another 16 low- and middle-income coun-
tries (see Annex 4). 
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Table 7. Overview of registration date of new DAAs (as of 31 December 2014) 

simeprevir sofosbuvir asunaprevir daclatasvir vaniprevir*
ledipasvir
(FDC with 

sofosbuvir)
dasabuvir

ombitasvir
(FDC with 

paritaprevir + 
ritonavir)

paritaprevir
(FDC with 

ombitasvir + 
ritonavir)

Australia 18 July 2014 30 June 2014 -- -- -- -- -- -- --

Canada 18 Nov 2013 13 Dec 2013 -- -- -- 15 Oct 2014 22 Dec 2014 22 Dec 2014 22 Dec 2014

Egypt July 2014 --

European 
Union

14 May 2014 16 Jan 2014 -- 22 Aug 2014 -- 17 Nov 2014 -- -- --

Japan 27 Sep 2013 -- 4 July 2014 4 July 2014 26 Sep 2014 -- -- -- --

Mexico July 2014 -- --

New 
Zealand

-- 20 Mar 2014 -- -- -- 6 Nov 2014 -- -- --

Russia Mar 2014 --

Switzerland -- 18 Mar 2014 -- -- -- 16 Dec 2014 25 Nov 2014 25 Nov 2014 25 Nov 2014

USA 22 Nov 2013 6 Dec 2013 -- -- -- 10 Oct 2014 19 Dec 2014 19 Dec 2014 19 Dec 2014

Notes: -- means the product is not registered as of 31 December 2014. A blank means no information available. Date of first worldwide 
registration is underlined. According to some reports, sofosbuvir was registered in Pakistan in September 2014; however, other reports contradict 
this (see also note in Annex 4).  * Merck has announced that vaniprevir will be made available only in Japan. 

2. Sales to date
The two DAAs with the largest sales as of 31 October 2014 – SOF and SIM – are manufactured and sold by 
Gilead Sciences and Janssen respectively. Both are “blockbuster” medicines,11 and SOF is likely to become 
a record-breaking new drug in terms of sales [131]. 

As no generic alternatives currently exist for any of the new DAAs, sales to date have involved purchases 
from originator manufacturers. As Tables 8 and 9 indicate, the sales figures of both SOF and SIM have been 
impressive since their launch in late 2014. In the first 13 months following initial regulatory approval, SOF 
generated nearly US$ 10.5 billion in sales, while over US $2 billion has been spent on procurement of SIM 
between its launch in November 2013 and 31 December 2014 (Figure 14). 12 

Table 8. Global sofosbuvir sales (US$ thousands), by quarter-year (Q)

Q4 2013 Q1 2014 Q2 3014 Q3 2014 Q4 2014 Total

USA   136 364  2 097 791  3 031 507  2 199 519   1 178 000   8 643 181

Europe         3071      163 691      400 218     523 455       459 000   1 549 435

Rest of world --        12 867        48 601        73 119         95 000      229 587

Total 139 435 2 274 349 3 480 326 2 796 093 1 732 000 10 422 203

Source: Gilead.

11 “A ‘blockbuster medicine’ is defined as being one that achieves annual global revenues of over US$ 1 billion.” [130]. 
12 Though approved in September, SIM was launched in Japan only on 6 December 2013. 
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Table 9. Global simeprevir sales (in US$ thousands), by quarter-year (Q)

Q4 2013 Q1 2014 Q2 3014 Q3 2014 Q4 2014 Total

USA   13 000   291 000   725 000   671 000 256 000 1 943 000

Rest of world   10 000     63 000   109 100   133 900    65 000     371 000

Total 23 000 354 000 834 100 804 900 321 000 2 314 000

Source: Johnson & Johnson and Medivir.  

Figure 14. Global sales of sofosbuvir, simeprevir and SOF/LDV, Q4 2013−Q4 2014

Source of data: Gilead, Johnson & Johnson and Medivir. 

Two other DAAs were launched in the third quarter of 2014. Asunaprevir was launched in Japan in Sep-
tember 2014. DCV was launched in Germany in August 2014 and in certain other European countries and 
Japan in September 2014. Each of these products achieved sales of more than US$ 10 million during the 
quarter in which they were launched. The same applies to AbVie’s “3D” combination, launched in the last 
quarter of 2014 (Table 10). “Early access” sales of Harvoni® (FDC of SOF and LDV) in the third quarter of 
2014 – i.e. before its launch in October 2014 – equally surpassed US$ 10 million. Global sales of Harvoni® 
surpassed US$ 2 billion in the quarter in which it was launched (the last quarter of 2014), mainly due to 
its US sales (94% of Harvoni® sales in 2014 took place in the USA). 
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Table 10. Sales of other DAAs (in US$ thousands), Q3−Q4 2014

Product Region Q3 2014 Q4 2014 Total

asunaprevir Japan 11 000       44 000        55 000

daclatasvir Europe and Japan 38 000     163 000     201 000

Harvoni® 
(SOF/LDV) 

Q3: Europe (early access sales)
Q4: Europe, USA and ROW

19 966 2 107 000  2 126 966

Viekira USA --       48 000        48 000

Sources: AbbVie, Bristol-Myers Squibb and Gilead. 

However, resource-rich settings account for nearly all sales of the new DAAs, with minimal penetration in 
low- and middle-income countries. In the first 13 months of SOF marketing, the USA and Europe account-
ed for more than 97% of worldwide SOF sales (Figure 15).

Figure 15.  Global sales of simeprevir and sofosbuvir by geographical region (Q4 2013−Q4 2014)

Source of data: Gilead, Johnson & Johnson and Medivir.  
Note: ROW = rest of world.

The emergence of highly effective DAAs has resulted in a substantial expansion of the global market for 
HCV medicines. Together, SOF and SIM accounted for more than US$10 billion in sales during the first 
nine months of 2014 – twice the total market value of HCV drugs in 2012, which amounted to around US$ 
5 billion (Peg-IFN and RBV together represented US$3.5 billion in purchases in 2012, with BOC and TPV 
accounting for the remainder).13 Predictably, the older HCV medicines have lost market share (Figure 16). 

13 Merck, Roche and Vertex 10K reports.
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Vertex announced in August 2014 that it would stop marketing TPV in the USA “in view of available 
alternative treatments and the diminishing market demand” [85]. Merck made a similar announcement 
regarding boceprevir in January 2015, citing “scientific advancement, changes in treatment practices, and 
the consequent reduction in the demand” as the reasons for its decision [84]. 

Figure 16. Global sales of Peg-IFN, boceprevir and telaprevir (2010−2014)

Sources: Merck, Roche, Vertex.  
Notes: Sales for 2014 have been estimated by extrapolating sales data for Q1−3, 2014 (where available). 
Pegasys sales have been converted from CHF using average annual exchange rates (OANDA). 
Boceprevir and telaprevir received marketing approval in May 2011.

3. Originator market dynamics/prices
The very high prices for new DAAs contribute to the extraordinary level of sales they have generated. In 
the USA, SOF sells to the general market for US$ 1000 a pill, or US$ 84 000 for 12 weeks of treatment (Table 
11). SIM sells for a somewhat lower, but still extremely high, price. The prices of these individual drugs 
actually understate total costs for state-of-the-art HCV treatment, as both SOF and SIM are intended to be 
used in combination with additional drugs. In the USA, the price for a 12-week course of Harvoni® (SOF 
+ LDV) is US$ 94 500.

In high-income countries where the public sector plays a more pronounced role in health-care financing 
than the USA, lower – although still substantial – prices have been negotiated. France has reportedly nego-
tiated the lowest price for SOF in Europe, at US$ 51 400 for 12 weeks of treatment [132]. Spain has also 
negotiated a price for SIM that is roughly half of the price charged in the USA [133]. Notable discounts off 
the USA prices were also negotiated for both SOF and SIM by the United Kingdom [134], while Canada 
and Switzerland [135] have obtained a comparable deal for SOF [136]. In the USA, the Veterans Admin-
istration, which is responsible for the financing and delivery of health care for people who have served 
in the USA military, has also negotiated prices for SOF and SIM that are more than 40% lower than the 
commercial price [137]. 
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Table 11. Prices for 12 weeks of treatment 

SIM SOF SOF/LDV Viekira 
Pak®

Original 
currency

US$ Original 
currency

US$ Original 
currency

US$ US$

USA
$ 66 360

$ 31 500**
$ 84 000 

$ 45 612**
$ 94 500

$ 69 636** $ 83 319

Canada $ 55 000 + $ 49 730

Egypt $ 900

France
€ 56 000 

€ 41 000*
+ $ 71 630

+ $ 52 440* € 48 000 + $ 61 400

Japan $ 11 244

Spain € 25 000* + $31 980*

Switzerland CHF 57,600 + $60 390

United 
Kingdom

£ 22 398 + $ 36 560 £ 34 983 + $ 57 100

* Negotiated for government reimbursement scheme.  ** Lowest reported price negotiated by the USA Department of Veterans. Conversions to 
US$ based on average exchange rates for Quarters 1−3, 2014 (OANDA). 

Even with these negotiated prices, costs associated with SOF remain considerable. According to one inter-
national NGO coalition, treating all HCV-infected individuals in France who have fibrosis would cost 
more than the budget of the Parisian public hospital system [138]. Cost concerns have prompted national 
authorities in some high-income countries to ration new DAAs, prioritizing individuals with advanced or 
symptomatic infection [138]. 

In the USA and other high-income countries, Gilead has received considerable criticism for its pricing of 
SOF. Health advocates and patient groups have decried the high price of SOF [139], and administrators of 
public sector health programmes in the USA (e.g., Medicare, Medicaid) have warned that the price struc-
ture for SOF threatens to place severe financial strains on their programmes and have placed restrictions 
on access [140]. Some high-income countries (e.g., Spain) are reportedly refusing to cover SOF with public 
sector funds due to its high price. Business-friendly publications, such as Forbes in the USA, have stated 
that Gilead cannot justify the price it is charging for SOF in high-income countries [141]. 

There were hopes that the approval of competing DAA regimens would result in price competition and 
thus would contribute to lower prices for HCV treatment generally. However, in the USA, the commercial 
price for Viekira Pak® is roughly equivalent to the price for SOF – though there are signs that some compe-
tition may emerge through the negotiation of exclusive deals for “preferred” regimens at undisclosed “sig-
nificantly lower” prices by large buyers such as pharmacy benefit managers and health insurers [142, 143]. 

In May 2014, Egypt, the country with the highest HCV prevalence, and Gilead concluded a deal whereby 
the country will be able to purchase a 12 weeks’ course of SOF for US$ 900 – a 99% discount on the 
commercial price in the USA [144]. In rolling out SOF access, Egypt has prioritized people with severe 
disease and those who are unable to pay by themselves [145]. Aid groups are reportedly able to purchase 
SOF for the same US$ 900 price for use in other resource-limited countries. There are also reports that 
the price of US$ 900 is being offered to some other countries, such as Mongolia [146], although as of 
December 2014 no country other than Egypt is known to have reached agreement with Gilead on public-
sector pricing for SOF.
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4. Patents and licences
A patent provides exclusive rights over an invention, generally for a period of 20 years from the date of 
application. During the patent term, the patent-holder may prevent others from making, importing or us-
ing the patented product in the country where the patent was granted. Patent protection precludes generic 
competition for the product; the lack of competition keeps the price high. 

Medicines are usually subject to multiple patents which fall in several broad categories, notably:

■■  The compound patent, main or basic patent. Such patents cover the active ingredient and, where 
in force, completely block manufacture, import and use of generic versions – both the active 
pharmaceutical ingredient (API) as well as all finished pharmaceutical products. 

■■  Process patents and patents on intermediates in the production process. These may block 
manufacturing of generic products (usually the API), unless an alternative production method can 
be found that does not use the patented process or intermediates. 

■■  Formulation patents. These secondary patents vary widely, and may cover a particular dosage 
form, dose, or form of the active ingredient. The ability of such patents to block generic 
competition varies. 

Patents on RBV have expired and generic versions are available. However, most other HCV medicines are 
still patented. Where granted, patents on Peg-IFN may last until 2019 [147]. Alternative (non-originator) 
versions of Peg-IFN are available in some countries [148]. 

Key patents on the new DAAs are likely to remain in force until after 2025, and additional patents may 
effectively extend the duration of patent protection (Figure 17). As far as is known, these patents have 
been filed or granted in many countries that have pharmaceutical manufacturing capacity. A summary of 
the available patent information can be found in Annex 5. The production of generic versions would, in 
principle, be delayed until after the expiry of the relevant patents. 

Figure 17. Approximate patent terms for selected DAAs

Source of data: WHO [38–44].
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It has however been suggested that the patents for SOF are weak [149]. Not-for-profit organizations and 
generic companies have questioned the patentability of SOF and have filed pre-grant oppositions to patent 
applications for SOF in India [150–152].

In February 2014, the patent office in Egypt reportedly rejected a patent application for SOF for lack of 
novelty and lack of inventiveness (though the decision is still believed to be under appeal). In January 
2015, the Patent Office of India also rejected a (different) patent application on SOF. This decision, which 
relates to one of the key patents on SOF, is important and may help increase opportunities for generic 
manufacturing in India; however its implications are likely to be limited14 as multiple other patent appli-
cations (including some that are relevant to the production of generic versions of SOF) are still pending. 

Meanwhile, Gilead, in September 2014, signed voluntary licences for SOF and LDV with seven major 
generic producers in India. As licence-holders, these companies have the right to manufacture generic 
versions of SOF and LDV. The licence, which has been made public, allows these companies to supply 
generic versions to 91 low- and middle-income countries, including all low-income countries and all but 
one least-developed country. The licence also includes 37 of 50 (74%) lower-middle-income countries and 
17 of 55 (30%) upper-middle-income countries – which is about half (51%) of all middle-income coun-
tries. However, it excludes countries such as China, which has the largest number of people with HCV, and 
Ukraine (see Annex 6 for the list of countries that are included in the licence). On 26 January 2015, Gilead 
announced that its investigational compound GS-5816 will be included in these voluntary licences [153]. 

In November 2014, Bristol-Myers Squibb likewise announced its intention to issue voluntary licences for 
DCV. To date, few details are available on the planned DCV licences and, as far as is known, none has been 
signed. The company did, however, announce the names of the 90 countries that would be covered by the 
licence; they include all low-income countries and least-developed countries, as well as the middle-income 
countries covered by the Gilead licences, with the notable exception of Egypt (Annex 6).

Voluntary licences on sofosbuvir
Licensing schemes offer a potentially important avenue for expanding access to new medicines for pa-
tients in resource-limited countries. Licenses can be granted voluntarily by the patent-holder or they can 
be compulsory, in which case the licence is granted by a government authority without the consent of the 
patent-holder. 

As noted, Gilead has issued voluntary licences. These voluntary licences include a number of middle-
income countries with significant numbers of people with HCV, such as Egypt and Indonesia. This may 
create sufficient demand to enable economies of scale.

The licence covers SOF, LDV and SOF/LDV, and allows for the development of FDCs of SOF and/or LDV 
with other HCV medicines. GS-5816 has been included in the licences in January 2015. Another positive 
feature of these licences is that they allow generic companies to supply to countries that are not included 
in the licence in case those countries issue a compulsory licence. 

There are concerns, however, about language in the licence that appears to restrict the ability of the 
licence-holders to procure and supply APIs as well as supply finished formulations to countries that are 
not covered by the licence – even when there is no patent in those countries. Table 12 summarizes the 
options and questions regarding the supply to the “excluded” middle-income countries such as Brazil 
(home to an estimated 2.6 million people with HCV), Thailand (1.5 million) and Morocco (625 000) [138] 
by Indian generic companies that hold a licence. 

14 Moreover, Gilead reportedly is appealing the rejection [154–156].
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Table 12.  Overview of options for supply of generics by Gilead licence-holders to countries 
excluded from the licence

Patent status in importing country (not included in licence)

Patent(s) granted Patent(s) pending Patent(s) rejected 
but appealed

No patents 
(including final 

rejection)

Pa
te

nt
 s

ta
tu

s 
in

 In
di

a

Patent(s) 
granted

Yes if CL issued in 
importing country or 
CL for export in India

Yes if CL for export 
issued in India

Yes if CL for export 
issued in India

Yes if CL for export 
issued in India

Patent(s) 
pending

Yes if CL issued in 
importing country

Can CL be issued on 
non-granted patent? Is 
there no “reasonable 
possibility” for Gilead 
to obtain a patent?

Can CL be issued on 
non-granted patent? Is 
there no “reasonable 
possibility” for Gilead 
to obtain a patent?

Can CL be issued on 
non-granted patent? Is 
there no “reasonable 
possibility” for Gilead 
to obtain a patent?

Patent(s) 
rejected but 

appealed

Yes if CL issued in 
importing country

Can CL be issued on 
non-granted patent? Is 
there no “reasonable 
possibility” for Gilead 
to obtain a patent?

Can CL be issued on 
non-granted patent? Is 
there no “reasonable 
possibility” for Gilead 
to obtain a patent?

Can CL be issued on 
non-granted patent? Is 
there no “reasonable 
possibility” for Gilead 
to obtain a patent?

No patents 
(incl final 
rejection)

Yes if CL issued in 
importing country

Can CL be issued on 
non-granted patent? Is 
there no “reasonable 
possibility” for Gilead 
to obtain a patent?

Can CL be issued on 
non-granted patent? Is 
there no “reasonable 
possibility” for Gilead 
to obtain a patent?

Yes

“Yes” means generic companies that hold a licence for SOF, LDV, GS-5816 from Gilead will be able to supply. “CL” means compulsory licence.

■ = It is not clear whether generic companies that hold a licence will be able to supply to countries that are not included in the licence in 
these cases. 

The countries included in the licences (see Annex 6) will be able to buy generic versions of SOF, LDV 
and GS-5816 once these become available from the licence holders, regardless of whether or not patents 
are granted in these countries. If there are no patents, these countries may also buy from other generic 
manufacturers, if any. 

Countries not included in the licences can also buy from generic licence-holders if they issue a compul-
sory licence. When patents are pending – as is the case in a number of these countries (see Annex 5) – a 
compulsory licence would have to be issued on those pending patents in the concerned country and/or in 
India. However, it is not clear whether national patent laws provide for the granting of compulsory licences 
on pending patents. 

In case there are no patents and no pending patent applications in a country outside the licence, the pos-
sibility of generic supply by the licence-holding companies in India will depend on the situation in India. 
Since some patents related to SOF reportedly have been granted in India [170] and several other patent 
applications are currently pending there [44, 181], India may have to issue a compulsory licence to enable 
licence-holders to supply. It remains to be seen how well this would work in practice. 

Alternatively, if no patents are in force or a compulsory licence has been issued, countries outside the 
licence could also buy generics from other (non-licence-holding) manufacturers, if any. Or countries could 
opt for local production, provided they can find a source of API15 or are able to produce the API locally.  

15 The licence imposes conditions on API manufacturers that are similar to the conditions on finished products. In addition, API produced under the 
licence may be supplied only to generic manufacturers in India that hold a license.  
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Generics under development
Licensed generic manufacturers in India are currently working to develop generic versions of SOF for 
marketing in resource-limited settings. Industry representatives indicate that generic SOF is likely to be 
available by the end of 2015 or in 2016.16

Pharco and other pharmaceutical companies in Egypt are also developing generic versions of SOF. They 
do not need a licence as the key patent for SOF has been rejected in Egypt.17 In November 2014, Pharco 
signed a licence for a pipeline NS5A inhibitor, PPI-668 [157]. 

5. Production costs
Reportedly, SOF and other DAAs are not especially costly to produce. Researchers from South Africa, 
United Kingdom and the USA used available data to estimate costs associated with the production of HCV 
treatment for 1−5 million patients per year with various DAA combinations [158]. Beginning by estimat-
ing the costs of production of the API for each DAA, the team added 25% as a profit mark-up and 40% 
as the estimated cost of producing the finished pharmaceutical product. Using this approach, the team 
estimated the minimum production costs for selected DAAs (Table 13). 

Table 13. Estimated production cost of selected DAAs [158, 159] 

Estimated cost per gram (US$) Estimated cost for 12 weeks of  
treatment (US$)

daclatasvir  4.00 20

ledipasvir 12.25 93

simeprevir 10−21 130−270

sofosbuvir  3.00 101

Pipeline products

MK-8742 10.50 44

MK-5172  8.75 74

On the basis of these estimates, the costs for 12 weeks of treatment with selected combinations of DAAs 
were estimated, as follows: 

■■ US$ 149 per person for SOF + RBV;
■■ US$ 193 for SOF + LDV; 
■■ US$ 121 per person for SOF + DCV; and
■■ US$ 118 for MK-8742 + MK-5172 [158, 159] 

It should be noted that these are estimates of minimum costs and that they presume sufficient volumes. 

Meanwhile, preliminary information obtained from generic producers and API manufacturers indicates 
their interest in the HCV market. It is too early to obtain a firm market entry price for generic products, 
but most producers have indicated they would be able to offer SOF for less than US$ 900 for 12 weeks of 
treatment (Gilead’s price for SOF in Egypt). Some experts on API production cautiously predict a market 
entry price for the finished formulation of US$ 500 per treatment course. This price, and possible subse-
quent further decreases, will critically depend on volumes.18 

16 Remarks by Soni A, Mylan Inc. at Global Challenges Seminar – Innovation and Access to Medicines: A Case Study for HIV/AIDS and Hepatitis C. Geneva: 
World Intellectual Property Organization; 5 December 2014.
17 However, as mentioned above, it is believed that Gilead’s appeal is still pending.
18 The order of magnitude would be around 10 metric tonnes of API (i.e. 25 million doses, or 12 weeks of treatment for 300 000 people). Competition 
among multiple suppliers is assumed, as is a sustainable and predictable demand. 
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Market forces
As the record-breaking early sales of SOF illustrate, there is robust demand for DAAs among people infect-
ed with HCV in high-income countries. Similar demand is likely in some resource-limited settings; in the 
first several weeks in which patients were able to apply to receive SOF in public sector settings in Egypt, 
100 000 individuals came forward seeking the drug [145]. As the previous discussion indicates, generic 
DAAs are likely to become available in the foreseeable future, potentially offering opportunities to roll out 
these breakthrough therapies in low- and middle-income countries.

However, if current conditions persist, the needed volume of DAAs is unlikely to materialize in resource-
limited settings. Following a brief review of the very low market penetration of DAAs in low- and middle-
income countries to date, this section explores the various factors that could constrain the development of 
robust demand for DAAs in these countries. 

1. Access to date 
On the basis of the sales data, prices and registration data above, it is possible to estimate that, worldwide, 
around 48 000 people have been treated with SIM and around 113 000 have had access to SOF between the 
launch of these products in the last quarter of 2013 and 30 September 2014. The geographical distribution 
of people who have been treated with SOF or SIM (see estimates in Figure 18) show that there has been 
minimal access to these drugs outside Europe, Japan, and the USA. 

It may be noted that SOF sales in the rest of the world (indicated by “ROW” in Figure 18) appear to refer 
exclusively to high-income countries; SOF was registered in Egypt and possibly Pakistan before the end of 
Quarter 3 (Table 7) but actual distribution began in mid-October in Egypt [160] and reportedly had not yet 
started in Pakistan as of November 2014 [161–162]. 

Figure 18. Estimated number of people treated by region (Q4 2013−Q3 2014)

See Annex 7 for sources and methodology used to prepare these estimates. 
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2. Funding availability for procurement of DAAs
In low- and middle-income countries, the primary purchasers of DAAs are likely to be national govern-
ments and international donors if these treatments are to be rolled out. The private sector may also play 
a role in the financing and delivery of DAAs in some countries, although this role is likely to be limited 
unless treatment becomes more affordable. To generate volumes sufficient to enable generic companies 
to achieve economies of scale and lower prices for DAAs, robust funding for procurement of DAAs will be 
required.

The potential interest of national governments in purchasing DAAs is unclear. Egypt has already pur-
chased enough SOF doses to treat 70 000 people [145], which represents slightly over 1% of the number 
of Egyptians with chronic HCV [163]. Other countries believed to be interested in providing HCV treatment 
include, for example, Brazil, Mongolia and Viet Nam. 

In the case of HIV, many national governments have sharply ramped up domestic public-sector spending 
for the procurement of ARVs, with domestic sources accounting for a majority of global HIV spending in 
2013 [164]. While ART for HIV infection may be the closest analogy to the challenge of scaling up HCV 
treatment, the analogy is imperfect. On the one hand, the annual costs of treating a case of HIV infection 
(estimated as US$ 338 in 2013 [165] is less than the cost of a 12-week HCV treatment course negotiated by 
Egypt. On the other hand, HIV treatment is lifelong whereas HCV treatment lasts for 12 weeks and results 
in a cure. 

To date, international donors have offered limited support for HCV treatment, due in no small measure 
to the very high current prices for these medicines. As of November 2014, the Global Fund to Fight AIDS, 
Tuberculosis and Malaria had provided limited funding to support HCV treatment in Belarus, Georgia, the 
former Yugoslav Republic of Macedonia, Thailand and Ukraine, primarily for Peg-INF + RBV [166].  

Bilateral funding for HCV treatment is believed to be limited or non-existent. The United States President’s 
Emergency Plan for AIDS Relief (PEPFAR) issued technical guidance in 2013 prohibiting use of PEPFAR 
funding for HCV treatment with Peg-IFN + RBV, citing its complexity, toxicity and expense [167]. 

Obtaining sharply lower prices that are broadly applicable to low- and middle-income countries may be a 
prerequisite for robust donor engagement in this field. This risks creation of a vicious circle: generic com-
panies may require large volumes in order to lower prices, while donors will need lower prices in order to 
commit sufficient funding to enable large-volume purchases.

3. Demand impediments
Even with sharply lower prices, uptake of DAAs will be limited by the fact that the majority of people with 
HCV do not know they are infected. In some European countries, where HCV treatments have long been 
available through well-established public-sector health delivery sites, a majority (perhaps as high as 90%) 
of people infected with HCV are undiagnosed [163]. In low- and middle-income countries, where access to 
HCV treatment has been minimal, it is reasonable to assume that knowledge of HCV status is considerably 
lower. Moreover, while screening for HCV and staging (necessary to make treatment decisions) involves a 
simple antibody test, currently diagnosis of HCV involves a costly, complex, multi-step process that is not 
suitable for large-scale implementation in low- and middle-income countries. 

Nevertheless, several developments may aid in simplifying and streamlining HCV diagnosis. First, the 
emergence of short (duration of < 12 weeks), safe and truly pan-genotypic DAA regimens would obviate 
the need for genotyping and reduce monitoring requirements. This would simplify the diagnostic para-
digm for HCV and reduce its cost. Second, new diagnostic tools are being developed, including assays for 
use at or near the point-of-care [168]. These have potential to make HCV diagnosis feasible in more health 
facilities. The use of platforms that allow for combined testing for HIV, HCV and hepatitis B virus can also 
expand access to HCV diagnosis without adding significant extra costs compared to testing for HIV alone. 
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4. Other potential impediments to uptake
In addition to cost, patent barriers and lack of demand, other factors have the potential to impede the 
uptake of DAAs.

■■  Prioritization and national strategies. The prevention, diagnosis and treatment of hepatitis C are 
often not included in national health plans. The lack of prioritization and resources delays the 
implementation of many steps and measures that are prerequisites for expanding access. 

■■  Regulatory delays. As new drugs emerge for the treatment of HCV, delays in national registration 
have the potential to slow the availability of these drugs to patients who urgently need them [45]. 
This risk is especially pronounced in countries with weak regulatory authorities, in countries that 
mandate in-country clinical trials as a prerequisite for approval, and in countries where registration 
is not prioritized by the originator companies. 

■■  Treatment guidelines. As noted, the standard of care for HCV treatment is in flux, with the likely 
emergence of several new drugs suggesting that the standard will continue to evolve. In such a 
rapidly changing context, normative bodies at the global and national levels may struggle to keep 
pace with the latest scientific evidence, potentially delaying the introduction of optimal regimens.

■■  Human and health systems readiness. Health-care personnel will need to be trained to diagnose 
HCV and administer novel HCV treatments, and the supply chain will need to be strengthened. 
Even when relying on integrating HCV treatment in existing programmes, such as those for HIV, 
additional infrastructure will be required. 

■■  Stigma and discrimination. Some national governments may refrain from prioritizing HCV 
treatment due to the epidemic’s concentration in marginalized and stigmatized populations – 
notably people who inject drugs and men who have sex with men. This phenomenon has already 
been observed in the HIV epidemic, as national governments have largely failed to allocate 
substantial domestic resources to treatment and prevention programmes for these key populations 
[8]. While 37% of all adults living with HIV globally received antiretroviral therapy in 2013, 
UNAIDS estimates that only 10% of people who inject drugs accessed HIV treatment [8]. To the 
extent that HIV treatment and prevention programmes have been implemented for key populations 
in low- and middle-income countries, these have typically resulted from external donor support. In 
the case of HCV treatment, however, no comparable donor initiative has yet emerged.

Box 1. Anti-diversion policy
Concerns have been expressed that proposed anti-diversion measures for lower-priced SOF supplied 
by the originator will impose unreasonable hardships on patients and health-care providers. In-
tended to prevent resale in high-income countries, the anti-diversion policy would require disclosure 
of the patient’s name and proof of residence and citizenship. The patient’s name and address will 
reportedly be embedded in a scanable code on each bottle of medicine, enabling Gilead to trace the 
bottle. Each patient must sign an agreement to return the empty bottle before another bottle may be 
dispensed. Dispensing is strictly limited to Gilead’s approved distributors. Médecins Sans Frontières 
and others argue that these rules violate patient autonomy and privacy and conflict with the rules of 
medical ethics as set out in the Helsinki Declaration [169].

Furthermore the voluntary licences for SOF, LDV and GS-5816 require the implementation by gener-
ic licence-holders of anti-diversion measures for both API and finished products. While not fully 
detailed in the licence, these measures may include efforts to ensure that the generic product is sold 
“directly to patients” [170].
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7. Market shortcomings

Situation analysis – key issues 

No “perfect” DAA regimen yet 
The ideal regimen for treatment of HCV in resource-limited settings has not yet been identified. Data on 
the efficacy of existing products or regimens for certain genotypes or in specific populations are not (yet) 
available, and some potentially promising compounds are still in development. Research to fill informa-
tion gaps is ongoing. However, originator companies tend to focus on the development of combinations of 
products within their own portfolio, while combinations with competitors’ products – even if promising 
– may not be studied or may progress at a slower pace. Gaps in information may therefore remain.

Nevertheless, the contours of the products and regimens that best fit the target product profile (pan-geno-
typic; safe and efficacious, including for patients with HIV/HCV coinfection or cirrhosis; duration of < 12 
weeks that does not vary by genotype) are rapidly becoming clearer. 

A vicious circle of high prices and low volumes 
Prices of the new DAAs are very high in high-income countries. Significantly lower prices have been an-
nounced for SOF for low-income countries and for a number of middle-income countries, but the lowest 
current price (US$ 900 for 12 weeks’ treatment in Egypt) is still expensive. 

The new DAAs have been approved and launched only recently, and – as far as is known – are widely pat-
ented. In the absence of competition, prices are high. Voluntary licences granted for SOF and LDV enable 
early onset of generic competition but do not include all middle-income countries. Generic manufactur-
ers are currently developing their products and are expected to enter the market in late 2015 or 2016. To 
bring prices down to affordable levels, generic companies will need volumes, yet at this stage the demand 
for DAAs is limited in many low- and middle-income countries. The inclusion of only 50% of all middle-
income countries in the voluntary licences may function as a cap on volumes for generic suppliers. 

Though there are notable exceptions, many low-and middle-income countries have limited government 
funding for HCV treatment. Most donors traditionally provide little or no funds for HCV treatment, due, 
at least in part, to its high cost. Thus, there is a risk of a vicious circle: donors and governments need low 
prices in order to consider funding the procurement of significant volumes, while generic manufacturers 
need volumes to reduce prices to affordable levels. 

Potentially limited uptake  
The complexity and cost of diagnosis, and the lack of point-of-care confirmatory tests, limit options for 
diagnosis of active HCV infection. HCV-infected persons may therefore not know their status or may not 
be aware of the promising options for cure, which may limit the uptake of the new DAAs in some settings. 
Patent barriers – even if only on one particular DAA – may also limit the uptake of the best combination(s) 
or the most suitable dosage form(s) of DAAs in future. 

Summary of shortcomings and their reasons
A series of specific shortcomings that relate to these key issues are outlined in the matrix in Table 14, along 
with the reasons why they exist. 
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Table 14. Market shortcomings and the reasons for them 

Availability

Market shortcoming Reasons

Lack of an HCV treatment regimen that 
satisfies requirements of the target product 
profile

Lack of information on safety and efficacy in some genotypes and for some 
groups of patients

Awaiting results of ongoing clinical trials

Commercial focus on development of in-house regimens rather than 
collaborating with others to optimize regimens

Affordability

Market shortcoming Reasons

Extremely high commercial prices for 
originator products

Substantial commercial mark-ups on products that are relatively inexpensive 
to produce

Lack of generic competition due to patent barriers and/or the fact that 
generic companies are still developing or optimizing their production 
processes

Market power associated with ownership of breakthrough treatments that 
achieve cure rates for HCV in excess of 90%

Lowest price for SOF (US$ 900 in Egypt) is 
still substantially higher than actual costs of 
production 

Use of USA price as benchmark for pricing in low- and middle-income 
countries

Lack of generic competition

Negotiation of price that is well above the estimated minimum production 
costs

Patent barriers limit the options for generic 
production and use in low- and middle 
income countries

Active effort by originators to widely patent new products

Exclusion of 50% of middle-income countries from existing voluntary 
licensing agreements since originator companies seek to obtain higher prices 
from upper-middle-income countries

Uncertainty regarding price of generic 
DAAs (once they become available)

Generic manufacturers are still developing their products and may price them 
as high as possible 

Generic manufacturers will need large volumes to achieve economies of scale 
to be able to offer affordable prices; however, demand in low- and middle 
income countries is not yet clear 

Uncertainty regarding procurement 
volumes for low- and middle-income 
countries

Lack of donor programmes for HCV treatment scale-up, due to: 
■■  Relatively recent emergence of DAAs
■■  Perception (based on USA commercial price) that DAAs are unaffordable 

in resource-limited settings
■■  Lack of pre-existing funding and advocacy infrastructure for HCV 

treatment (e.g. HCV is not one of the three priority infectious diseases)
■■  Perception that HCV is primarily a problem of middle-income countries

Uncertain national commitment to purchase HCV medicines, due to: 
■■ Relatively recent emergence of DAAs
■■ Lack of national budget lines for HCV treatment in many countries
■■  Perceptions (based on USA commercial price) that DAAs are 

unaffordable in resource-limited settings
■■  Resistance to funding of HCV treatment due to stigmatization of heavily 

affected populations
■■ Competing priorities
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Delivery

Market shortcoming Reasons

New DAAs are not yet on the market in 
the majority of low- and middle-income 
countries

Originator companies register and launch their product(s) first in selected 
high-income countries; companies are just beginning to register their new 
medicines in low- and middle-income countries

Possible delays associated with regulatory 
approval processes

Weak or overburdened regulatory systems in a number of low- and middle-
income countries

Still insufficient harmonization of regulatory schemes

Requirement for in-country clinical trials in some countries

Potential delays in uptake of normative 
guidance at country level

Rapid evolution of standard of care

Time and effort involved in development of new guidelines

Time and effort involved in translation of global guidance into national 
treatment guidelines

Inadequate health systems capacity Shortages of health workers

Lack of capacity and guidance on HCV diagnosis

Lack of health workers trained in HCV treatment delivery, especially DAAs

Weak commodity procurement and supply management systems

Physical and systems infrastructure requirements associated with rapid scale-
up of HCV treatment

Acceptability/adaptability

Market shortcoming Reasons

Lack of access to diagnosis which in turn 
limits demand for drugs

HCV diagnosis is complex and expensive

Capacity for diagnosis is often limited to one or a few reference laboratories

Lack of recognition of HCV risks by many people

Limited uptake of HCV treatment in low- 
and middle-income countries 

To the extent that HCV medicines are available at all in low- and middle-
income countries, it is mostly Peg-IFN and RBV. These medicines have limited 
efficacy and significant side-effects. Peg-IFN also requires weekly injections 

People are not aware that they are infected with HCV

Lack of recognition of HCV risks by many people

Deterrent effects of the anti-diversion 
provisions for discounted originator DAAs, 
where available, and imposed on generic 
licensees

Burdens on health-care providers and patients to comply with anti-diversion 
rules

Potential disruptions of therapy associated with refills

Potential breaches of privacy and confidentiality associated with compliance 
with anti-diversion provisions

Deterrent effects of stigma and 
discrimination on uptake

Discriminatory attitudes of health-care providers towards people who inject 
drugs and men who have sex with men

Patients’ fears of being reported to the authorities in settings where 
compulsory or coercive drug rehabilitation programmes are in place 
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8. Potential market interventions
In assessing possible market interventions to improve access to safe, affordable and effective HCV treat-
ments, it is clear that generating robust demand for DAAs is a priority. Clear signals of interest from gov-
ernments and international donors could accelerate and incentivize the market entry of affordable gener-
ics, and could create a virtuous circle whereby orders are large enough to enable affordable prices to be 
charged that in turn would permit further increases in order volumes – resulting in widespread access to 
treatment and cure of HCV infection for HIV/HCV coinfected and HCV mono-infected patients. 

Creating strong demand for DAAs will also require improved diagnostic tools and strategies, improved 
strategic data, advocacy for robust funding by donors and national governments, treatment education pro-
grammes, and support from civil society, treatment activists and patients’ groups to demand lower prices. 
Demand creation will require long-term investment since removal of existing demand impediments will 
not occur rapidly. 

While investments are made in building demand, work should focus on systematic issues (e.g. ensuring 
timely uptake of treatment guidelines, building system capacity) and on removing patent barriers to access 
and affordability. Once demand has been created, consideration should be given to bulk purchasing and 
other strategies to expedite uptake. 

Table 15 suggests opportunities for intervention to address shortcomings in the HCV treatment market 
outlined in this landscape. Opportunities are not necessarily exclusive to UNITAID and may fall within the 
mandate and expertise of other market actors. 

Table 15. Potential HCV market interventions

Intervention Market weakness addressed by intervention

Support for clinical trials of combination regimens that 
are not being pursued by industry

Lack of an HCV treatment regimen that satisfies requirements of 
the target product profile

Support for clinical trials evaluating DAA regimens 
for specific genotypes or patient populations, such as 
patients with HIV/HCV coinfection or cirrhosis, where 
industry is not conducting such trials

Lack of an HCV treatment regimen that satisfies requirements of 
the target product profile

Support to WHO to implement a multi-stakeholder 
process to identify optimal DAA regimens for low- and 
middle-income countries

Lack of an HCV treatment regimen that satisfies requirements of 
the target product profile

Support to WHO to expedite updates to normative 
guidance for HCV treatment and to assist national 
governments in aligning national guidelines with WHO 
guidance

Potential delays in development of normative guidance

Support inclusion of DAAs on WHO Model List of 
Essential Medicines

Delays associated with regulatory approval processes

Uncertain national commitment to purchasing HCV medicines

Support countries in negotiating better prices for DAAs Insufficient availability of SOF at the price of US$ 900 per 
treatment (as negotiated by Egypt)

Support development and publication of patent 
information on DAAs

Lack of transparency on patent barriers hampers strategies to 
address those barriers

Support opposition to patent applications on SOF and 
other DAAs

Patent barriers

Support countries in using compulsory licensing and 
other TRIPS flexibilities

Patent barriers
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Work with originator companies to improve existing 
voluntary licensing agreements or to sign new ones 

Patent barriers

Exclusion of many middle-income countries from voluntary 
licence agreements

Advocacy with more companies to enter into voluntary 
licensing agreements

Patent barriers

Patent buy-out for key DAAs Patent barriers

Advocacy for donor support and cooperation to scale 
up HCV treatment programmes

Lack of donor programmes for HCV treatment scale-up

Support prequalification of DAAs Lack of competition by and among quality-assured generics

Support efforts to increase price transparency Lack of price transparency hampers price negotiations

High-volume bulk purchase of generic DAAs to reduce 
costs by enhancing economies of scale

Uncertainty regarding volumes limits the scope for price 
reductions by manufacturers of generic DAAs

Support for costing and cost-effectiveness analysis to 
demonstrate returns on investments in HCV treatment 
programmes

Lack of donor programmes for scale-up of HCV treatment 

Uncertain national commitment to purchasing HCV medicines

Support to patients’ groups and advocates to demand 
fairer pricing policies for DAAs

Extremely high commercial prices for originator products

Negotiated price for SOF in Egypt that is still substantially higher 
than actual costs of production

Support proof-of-concept studies to demonstrate 
that it is feasible to diagnose and cure HCV infection 
at minimal cost in low- and middle-income countries 
(including, but not limited to, integration in HIV 
programmes) 

Lack of donor programmes for HCV treatment scale-up

Uncertain national commitment to purchasing HCV medicines

Convene consultation with key actors in middle-income 
countries (e.g. civil society, providers of HCV treatment) 
to identify strategies to address intellectual property 
constraints on access to HCV treatment 

Patent barriers 

Exclusion of many middle-income countries in licence 
agreements

Support generic producers (of both APIs and finished 
products) not licensed by Gilead to develop generic 
DAAs

Lack of alternatives for generic production of SOF other than 
Indian manufacturers licensed by Gilead

Support to appropriate international or regional 
body(ies) to facilitate regulatory harmonization for DAAs

Delays in uptake associated with regulatory approval processes

Enhance access to HCV diagnosis Lack of demand for treatment because people are not aware that 
they are infected with HCV 
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ANNEXES
Annex 1.  Hepatitis C medicines on the market and in the pipeline (Phase II and beyond) 

Phase1 Class INN Code Company
Launched Interferon peginterferon alfa-2b Merck

Launched Interferon peginterferon alfa-2a Roche

Launched NS3/4A inhibitor boceprevir Merck

Launched NS3/4A inhibitor telaprevir Vertex

Launched Nucleoside analogue ribavirin everal companies

Launched NS3/4A inhibitor simeprevir TMC-435 Janssen

Launched Nucleoside NS5B inhibitor sofosbuvir GS-7977 Gilead

Launched NS5A inhibitor daclatasvir BMS-790052 Bristol-Myers Squibb

Launched NS5A inhibitor ledipasvir GS-5885 Gilead

Launched Non-nucleoside NS5B inhibitor dasabuvir ABT-333 AbbVie

Launched NS5A inhibitor ombitasvir ABT-267 AbbVie

Launched NS3/4A inhibitor paritaprevir ABT-450 AbbVie

Launched NS3/4A inhibitor asunaprevir BMS-650032 Bristol-Myers Squibb

Launched NS3/4A inhibitor vaniprevir MK-7009 Merck

III Cyclophilin inhibitor alisporivir DEB-025 Novartis

III Non-nucleoside NS5B inhibitor beclabuvir BMS-791325 Bristol-Myers Squibb

III NS3/4A inhibitor grazoprevir MK-5172 Merck

III NS5A inhibitor elbasvir MK-8742 Merck

III NS5A inhibitor GS-5816 Gilead

II Cyclophilin inhibitor SCY-635 Scynexis

II miR-122 inhibitor miravirsen Santaris Pharma

II Non-nucleoside NS5B inhibitor GS-9669 Gilead

II Non-nucleoside NS5B inhibitor setrobuvir ANA-598 Anadays

II Non-nucleoside NS5B inhibitor TMC-647055 Janssen

II NS3/4A inhibitor GS-9256 Gilead

II NS3/4A inhibitor vedroprevir GS-9451 Gilead

II NS3/4A inhibitor ABT-493 AbbVie

II NS3/4A inhibitor sovaprevir ACH-1625 Achillion

II NS3/4A inhibitor danoprevir RG-7227 Roche

II NS5A inhibitor ACH-3102 Achillion

II NS5A inhibitor ABT-530 AbbVie

II NS5A inhibitor GSK-2336805 GlaxoSmithKline

II NS5A inhibitor samatasvir
MK-1894 
(IDX-719)

Merck (Idenix)

II NS5A inhibitor
JNJ56914845 
(GSK 2336805)

Janssen

II NS5A inhibitor PPI-668 Presidio Pharma

II Nucleoside NS5B inhibitor mericitabine RG-7128 Roche

II Nucleoside NS5B inhibitor VX-135 Vertex

1 Launched means the product has been launched in at least one country. 
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Annex 2.  Overview of sustained virological response  with sofosbuvir-based 
combination regimens

The tables in this Annex provide an overview of efficacy data (SVR) for interferon-free sofosbuvir-based 
regimens in HCV mono-infection and HIV/HCV coinfection [53, 55, 97, 106, 121–123, 126, 127, 171–177].

Data for HIV/HCV coinfection are in red. 

The results relate to treatment-naïve, non-cirrhotic study participants, unless otherwise indicated. SVR is 
usually lower in persons with cirrhosis, especially if they are treatment-experienced (TX-EPX). 

A high-level summary of the data presented in this Annex can be found in Table 6 of this report. 

Table A. HCV genotype 1

Regimen
SVR for HCV genotype 1

8 weeks 12 weeks 24 weeks

a SOFOSBUVIR + 
RIBAVIRIN

APPROVED 

 68% (17/25) 

HIV/HCV: 76% (87/114) to 
88% (84/95) 

b SOFOSBUVIR + 
DACLATASVIR 

(RBV-free arms only)

PHASE III

 95% (39/41) 

HIV/HCV: study underway 

96.5% (28/29) 

TX-EXP: 100% (21/21)

c HARVONI® 
(SOFOSBUVIR/ 
LEDIPASVIR) with or 
without RBV

APPROVED 

Without RBV 94% (202/215)

No data on HIV/HCV

Without RBV 96% (208/216) 
to 99% (210/213) 

HIV/HCV 98% (49/50)

12-week or 24-week studies 
planned or underway 

d SOFSOBUVIR + GS-5816

PHASE III (100 mg dose 
only)

100 mg

90% (26/29) 

100 mg + RBV

81% (25/31)

No data on HIV/HCV

100 mg 100% (28/28)

TX-EXP 100% (27/27) 

100mg + RBV

TX-EXP 96% (27/28)

No data on HIV/HCV 

e SOFOSBUVIR + 
SIMEPREVIR

APPROVED

Includes non-cirrhotic null responders (Group 1), and treatment-naïve and null responders 
with F3 and F4 (pre-cirrhosis and cirrhosis) (Group 2) 

Without RBV 

Group 1: 93% (13/14)

Group 2: 93% (13/14)

+ RBV 

Group 1: 96% (26/27)

Group 2: 93% (25/27) 

No data on HIV/HCV 

Without RBV

Group 1: 93% (14/15)

Group 2: 100% (16/16)

+ RBV

Group 1: 79% (19/24)

Group 2: 93% (28/30 

No data on HIV/HCV 
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Table B. HCV genotype 2 

Regimen
SVR for HCV genotype 2

8 weeks 12 weeks 24 weeks

a SOFOSBUVIR + 
RIBAVIRIN

APPROVED

93% (68/72) 

HIV/HCV 88% (23/26) and 
(22/25)

 

b SOFOSBUVIR + 
DACLATASVIR (RBV-free 
arms only)

PHASE III

HIV/HCV study underway 100% (17/17)

c HARVONI® 
(SOFOSBUVIR/
LEDIPASVIR) with or 
without RBV

APPROVED

Not studied for HCV 

Not studied for HIV/HCV

d SOFOSBUVIR + GS-5816

PHASE III (100 mg dose 
only)

100 mg

88% (23/26) 

100 mg + RBV

 88% (23/26)

No data on HIV/HCV

100 mg

100% (10/10)

No data on HIV/HCV
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Table C. HCV genotype 3

Regimen
SVR for HCV genotype 3

8 weeks 12 weeks 24 weeks

a SOFOSBUVIR + 
RIBAVIRIN

APPROVED

56% (102/183) 

HIV/HCV 67% (24/42)

94% (86/92) 

HIV/HCV 89% (94/106)

b SOFOSBUVIR + 
DACLATASVIR (RBV-free 
arms only)

PHASE III

97% (73/75)

58% (11/19) cirrhosis

94% (32/34) TX-EXP

69% (9/13) TX-EXP + 
cirrhosis

HIV/HCV study underway 

89% (16/18)

 No data on HIV/HCV

c HARVONI® 
(SOFOSBUVIR/
LEDIPASVIR) with or 
without RBV

APPROVED

Without RBV 65% (16/25) 

+ RBV: 100% (26/26)

89% (25/28) + RBV TX-EXP

73% (16/22) + RBV TX-EXP + 
cirrhosis 

No data on HIV/HCV

d SOFSOBUVIR + GS-
5816

PHASE III (100 mg dose 
only)

100 mg

96% (26/27)

100 mg + RBV 

100% (26/26)

No data on HIV/HCV

100 mg

93% (27/27) and 96% 
(26/27)

88% (23/26) TX-EXP + 
cirrhosis

100 mg + RBV

100% (26/26) TX-EXP

96% (25/26) TX-EXP + 
cirrhosis

No data on HIV/HCV
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Table D. HCV genotype 4  

Regimen
HCV genotype 4: duration and SVR

12 weeks 24 weeks

a SOFOSBUVIR + RIBAVIRIN

APPROVED

84% (21/25)

70% (19/27) TX- EXP 

No data on HIV/HCV

92% (22/24)

89% (24/27) TX-EXP 

HIV/HCV 84% (26/31)

b SOFOSBUVIR + DACLATASVIR (RBV-free arms only)

PHASE III

Study underway HCV 

HIV/HCV study underway

c HARVONI® 

(SOFOSBUVIR/ LEDIPASVIR) with or without RBV 
APPROVED

Without RBV 95% (20/21) 

HIV/HCV study underway

d SOFSOBUVIR + GS-5816

PHASE III (100 mg dose only)

86% (6/7)

No data on HIV/HCV

Table E. HCV genotypes 5 and 6  

Regimen HCV genotype 5:
duration and SVR

HCV genotype 6:
duration and SVR

a SOFOSBUVIR + RIBAVIRIN

APPROVED

No data in HCV 

No data on HIV/HCV

No data in HCV

No data on HIV/HCV

b SOFOSBUVIR + DACLATASVIR (RBV-
free arms only)

PHASE III

12-week studies underway for HCV 
and HIV/HCV

12-week studies underway for HCV 
and HIV/HCV

c HARVONI® 

(SOFOSBUVIR/ LEDIPASVIR) with or 
without RBV 

APPROVED

No data on HCV 

No data on HIV/HCV

12 weeks without RBV 

96% (24/25) includes TX-EXP (n = 2)

No data on HIV/HCV

d SOFSOBUVIR + GS-5816

PHASE III

12 weeks

25 mg 100% (1/1)

No data on HIV/HCV 

12 weeks

100 mg 100% (6/6) 

No data on HIV/HCV
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Annex 4. Registration status of sofosbuvir in developing countries 
The table below provides an overview of the registration status of SOF in developing countries as of 9 
December 2014. 

Low-income countries Lower-middle-income 
countries

Upper-middle-income 
countries

Registered Egypt -- --

Registration pending 
(application filed)

Tanzania
Uganda

Bolivia
India 
Mongolia
Nigeria
Pakistan*
Philippines 

Argentina
Brazil
Mexico 
Thailand 

Registration planned or 
registration file under 
preparation

Haiti 
Kenya 
Mozambique
Myanmar 

Cameroon
El Salvador
Guatemala
Indonesia
Uzbekistan
Viet Nam

Colombia
Dominican Republic
Ecuador 
Peru
South Africa
Venezuela

Source: Gilead. Sovaldi® registration in the developing world. December 2014. http://www.gilead.com/~/media/Files/pdfs/other/Sovaldi%20
Registration%20%20121114.pdf (accessed 20 Jan 2014). 

 * According to several sources, SOF was registered in Pakistan in September 2014 [162, 179, 180]. However, according to Gilead [178], registration 
is pending (as of 9 December 2014). 

http://www.gilead.com/~/media/Files/pdfs/other/Sovaldi%20Registration%20%20121114.pdf
http://www.gilead.com/~/media/Files/pdfs/other/Sovaldi%20Registration%20%20121114.pdf
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Annex 5. Summary of the available patent information of selected direct-acting antivirals
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Annex 6. Overview of countries included in voluntary licences 

Country
SOF, LDV, 
GS-5816 
(Gilead)

DCV 
(Bristol-Myers 

Squibb)

Afghanistan Yes Yes
Angola Yes Yes
Antigua and Barbuda Yes ---
Bangladesh Yes Yes
Benin Yes Yes
Bhutan Yes Yes
Bolivia Yes Yes
Botswana Yes Yes
Burkina Faso Yes Yes
Burundi Yes Yes
Cambodia Yes Yes
Cameroon Yes Yes
Cape Verde Yes Yes
Central African Republic Yes Yes
Chad Yes Yes
Comoros Yes Yes
Congo, Republic Yes Yes
Côte d’Ivoire Yes Yes
Cuba Yes Yes
Democratic People’s Republic of Korea Yes Yes
Democratic Republic of the Congo Yes Yes
Djibouti Yes Yes
Dominica Yes Yes
Egypt Yes ---
Equatorial Guinea Yes Yes
Eritrea Yes Yes
Ethiopia Yes Yes
Fiji Yes Yes
Gabon Yes Yes
Gambia Yes Yes
Ghana Yes Yes
Guatemala Yes Yes
Guinea Yes Yes
Guinea-Bissau Yes Yes
Guyana Yes Yes
Haiti Yes Yes
Honduras Yes Yes
India Yes Yes
Indonesia Yes Yes
Kenya Yes Yes
Kiribati Yes Yes
Kyrgyzstan Yes Yes
Lao People’s Democratic Republic Yes Yes
Lesotho Yes Yes
Liberia Yes Yes
Madagascar Yes Yes

Country
SOF, LDV, 
GS-5816 
(Gilead

DCV 
(Bristol-Myers 

Squibb)

Malawi Yes Yes
Maldives Yes Yes
Mail Yes Yes
Mauritania Yes Yes
Mauritius Yes Yes
Mongolia Yes Yes
Mozambique Yes Yes
Myanmar Yes Yes
Namibia Yes Yes
Nauru Yes Yes
Nepal Yes Yes
Nicaragua Yes Yes
Niger Yes Yes
Nigeria Yes Yes
Pakistan Yes Yes
Palau Yes Yes
Papua New Guinea Yes Yes
Rwanda Yes Yes
Samoa Yes Yes
Sao Tome and Principe Yes Yes
Senegal Yes Yes
Seychelles Yes Yes
Sierra Leone Yes Yes
Solomon Islands Yes Yes
Somalia Yes Yes
South Africa Yes Yes
South Sudan Yes Yes
Sri Lanka Yes Yes
St. Vincent and the Grenadines Yes Yes
Sudan Yes Yes
Suriname Yes Yes
Swaziland Yes Yes
Tajikistan Yes Yes
Tanzania Yes Yes
Timor-Leste Yes Yes
Togo Yes Yes
Tonga Yes Yes
Turkmenistan Yes Yes
Tuvalu Yes Yes
Uganda Yes Yes
Uzbekistan Yes Yes
Vanuatu Yes Yes
Viet Nam Yes Yes
Yemen --- Yes
Zambia Yes Yes
Zimbabwe Yes Yes
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Annex 7.  Methodology for estimating the number of patients  
who have been able to access sofosbuvir and simeprevir  
(Q4 2013–Q3 2014) 

Sofosbuvir
Global sales figures were obtained from Gilead’s quarterly financial statements and filings to the United 
States Securities and Exchange Commission (forms 10-K and 10-Q) for 2013 and for quarters 1−3 of 2014. 
Sales data are reported in three groups: USA, Europe, and rest of the world. 

Estimates of number of patients treated with SOF in the USA
The number of veterans treated with DAAs is available [137]. The number of veterans treated with SOF, 
SIM or both is available for the period 1 January to 25 April 2014 [182]. From these numbers, proportions 
were calculated, which were applied to the entire period of quarters 1−3 of 2014 to estimate the number 
of veterans receiving SOF. The lowest price mentioned by the Veterans Health Administration [137] was 
used to calculate to amount spent by the Veterans Health Administration. 

The difference between the latter amount and the USA sales of SOF was calculated and divided by the USA 
price for 12 weeks of treatment with SOF (US$ 84 000) to estimate the number of people treated with SOF 
outside the Veterans Health Administration. This was then added to the number treated by the Veterans 
Health Administration to obtain an estimate for the number of people treated in the USA with SOF. 

Estimates of number of patients treated with SOF in Europe
The European sales of SOF were divided by the United Kingdom price of SOF to estimate the number of 
persons treated with SOF in Europe. 

“Early access” sales of Harvoni® (SOF/LDV) in Europe in the third quarter of 2014 were divided by the 
approximate price negotiated by France for Harvoni® (US$ 60 000) to estimate the number of people who 
had access to Harvoni®. This number was added to the total number of people with access to SOF in 
Europe. 

Estimates of number of patients treated with SOF in the rest of the world
The rest-of-the-world sales of SOF were divided by the Canadian price of SOF to estimate the number of 
people treated with SOF in the rest of the world. 

Egypt, believed to be the first of the middle-income countries to start treatment with SOF, began registra-
tion of patients in the third quarter of 2014. The actual provision of treatment started in mid-October (i.e. 
in the fourth quarter of 2014). 

Simeprevir
Global sales figures were obtain from Johnson & Johnson’s quarterly financial statements and filings to the 
United States Securities and Exchange Commission (forms 10-K and 10-Q) for 2013 and for quarters 1−3 
of 2014. Sales data are reported in two groups: USA and rest of the world. 

Medivir’s sales of SIM were obtained from its interim reports January−June and January−September 
2014. These sales were added to the rest-of-the-world sales (Medivir holds the rights to sell SIM in the 
Nordic countries). 

Estimates of number of patients treated with SIM in the USA
The number of veterans treated with DAAs is available [137]. The number of veterans treated with SOF, 
SIM or both is available for the period 1 January to 25 April 2014 [182]. From these numbers, proportions 
were calculated, which were applied to the entire period of quarters 1−3 of 2014 to estimate the number 
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of veterans receiving SIM. The lowest price mentioned by the Veterans Health Administration [137] was 
used to calculate to amount spent by the Veterans Health Administration. 

The difference between the latter amount and the USA sales of SIM was calculated and divided by the USA 
price for 12 weeks of treatment with SIM (US$ 66 360) to estimate the number of people treated with SIM 
outside the Veterans Health Administration. This was then added to the number treated by the Veterans 
Health Administration to obtain an estimate for the number of people treated in the USA with SIM. 

Estimates of number of patients treated with SIM in Japan 
The number of people treated with SIM in Japan between its launch on 6 December 2013 until the end 
of the third quarter (30 September) of 2014 is available from the Medicines and Medical Devices Agency, 
Japan [183]. 

Estimates of number of patients treated with SIM in the rest of the world
The price of SIM in Japan is available from Datamonitor Healthcare [184], and was used – together with 
the number of people treated with SIM – to estimate the amount spent on SIM in Japan. The difference 
between the estimated spending on SIM in Japan and the reported rest-of-the-world sales of SIM would 
represent the portion of rest-of-the-world sales outside Japan. 

This amount was divided by the United Kingdom price of SIM to estimate the number of people treated 
with SIM outside Japan and the USA. 


