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Abstract
The year 2014 marked the beginning of the end of the interferon era and the triumph of the all-oral interferon-free regimens for treatment of hepatitis C virus (HCV) infection. These innovative therapies are safe and yield a cure rate of over 90%. The scientific hepatology community is euphoric about the possibility of elimination and even eradication of HCV infection. However, the current high cost of the new all-oral regimens allows access to treatment only for a restricted number of HCV-infected patients. In addition, many other conditions such as modality of access and delivery of care, inadequate knowledge of HCV epidemiology and political commitments to be undertaken, hamper the fulfillment of the dream to eliminate the virus. Since, such conditions are not impossible to overcome, a global urgent effort must be made to allow a widespread access to the new treatments which will permit in the next years to avoid million of HCV-related deaths.
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Core tip: It is begun the era of all-oral direct-acting antiviral drugs for hepatitis C virus (HCV) treatment allowing interferon-free therapeutic regimens. These regimens are safe and yield cure rate greater than 90%. The therapeutic success has posed the basis for HCV elimination, although, confirmation are waiting from real world. However, many conditions hinder the fulfillment of the dream. These conditions are the excessive cost of drugs, the access and delivery of care, the epidemiology of HCV and the political commitments. Thus, an urgent effort must be done to make accessible on large-scale all-oral anti-HCV therapies allowing saving millions of lives.
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MILESTONES THAT MARK HEPATITIS C VIRUS THERAPEUTIC EVOLUTION 
In the years 2014-2015 the scientific hepatology community virtually laid the milestone that could mark the beginning of the end of the hepatitis C virus (HCV) story. The milestone marked the advent of the first new oral drugs approved for HCV treatment, namely sofosbuvir and simeprevir, which were quickly followed by several others allowing interferon (IFN)-free therapeutic regimens. These innovative therapies, which yield a cure rate of over 90%, have been approved in many regions of the world, including Europe and the United States.  However, success did not come overnight but was the result of a step-by-step escalation in both understanding the molecular mechanisms of HCV replication and in the therapeutic approaches which started at the end of the 1980s, before the discovery of HCV, with interferon (IFN) alpha affording a response rate of less than 15%[1]. The addition of ribavirin to IFN increased the success rate to about 30%, and then treatment moved into the era of the long-acting pegylated IFNs (pegIFNs).  PegIFN plus ribavirin was the standard therapy for about 10 years during which the overall therapeutic success increased to 50%[2].  However, IFN-based treatment was associated with a significant number of severe side effects that limited its use considerably. Many other factors conspired to limit the therapeutic response, further hampering the use of IFN. These included host factors, such as age, BMI, level of liver fibrosis and steatosis, insulin resistance, ethnicity, the genetic background such as the polymorphism of IL28B, and viral factors, namely HCV genotype and HCV RNA levels. Furthermore, IFN-based regimens required a long therapeutic course, which reduced the adherence to treatment.
	The year 2011 marked the beginning of the era of oral direct-acting antiviral drugs (DAAs). The scenery was complex with the first-generation DAAs, the NS3-A4 protease inhibitors boceprevir and telaprevir, which were approved in combination with pegIFNs and ribavirin for HCV genotype 1 treatment[3]. Although this triple therapy afforded a higher sustained virological response (SVR) rate than pegIFN plus ribavirin, the treatment was short-lived because of the dependence on IFN due to the low barrier to resistance of these first-generation DAAs. Moreover, the use of these DAAs was aggravated by a high rate of serious adverse events and by the scanty possibility to treat patients with advanced liver disease. Fortunately, the research moved fast and new oral HCV DAAs were devised, several of which had proved highly effective in a combined regimen, and finally approved for use in clinical practice (Table 1). Several other DAAs are currently in the drug development pipeline. Figure 1 shows the crucial milestones in the chronic hepatitis C treatment evolution, from IFN-based regimens to all-oral IFN-free combinations.
The first therapeutic strategy with the new DAAs approved in 2014 was pegIFN plus ribavirin plus sofosbuvir, a nucleoside analogue acting as a false substrate for HCV to stop viral RNA synthesis. Sofosbuvir is active against all HCV genotypes and has a high barrier to resistance.  A phase III trial[4] using the triple regimen showed an SVR of 89% and 96% for HCV genotype 1 and 4, respectively, and a phase II trial[5] in treatment-experienced patients showed an SVR of 96% and 83% in genotype 2 and 3, respectively.
In the same year, based on the data of phase III studies[6,7], another triple regimen with pegIFN plus ribavirin and simeprevir, a first-generation NS3-4A protease inhibitor, was approved for the treatment of HCV genotype 1 and 4. The two trials reported an SVR of 80% and showed that in HCV genotype 1a carrying the mutation Q80K in the NS3 protease sequence the response rate was significantly impaired.
The year 2014 also marked the beginning of the end of the IFN era and the triumph of the all-oral IFN-free regimens, which were highly effective and safe and afforded treatment also for patients with advanced cirrhosis. Phase III studies[8,9] showed that the combination sofosbuvir plus ribavirin for 12 wk for HCV genotype 2 achieved an SVR from 88% to 100% depending on whether the patients were treatment-naïve or -experienced and on the absence or presence of cirrhosis, and for 24 wk for genotype 3, achieving an SVR from 60% to 94%, with the poorest results in therapy-experienced cirrhotic patients. The treatment of genotype 3 can be shortened to 12 wk by adding pegIFN to sofosbuvir and ribavirin. A phase III trial[10] showed that the combination sofosbuvir plus daclatasvir, a “pan-genotypic” first-generation NS5A inhibitor, taken for 12 wk produced an SVR in genotype 3-infected patients of 90% for previously untreated patients and 86% for prior non-responders. Thus, at present, this combination seems to be the best option for the treatment of genotype 3 infection. The combination sofosbivir plus daclastasvir also showed good results in HCV genotype 1,2, 4, 5 and 6. 
The regimen sofosbuvir plus simeprevir has been approved for treatment of HCV genotypes 1 and 4. A phase II study[11] showed an SVR of 93%-96% in treatment-naïve and -experienced patients treated for 12 wk. For HCV genotype 1a the Q80K substitution did not seem to influence the response rate of the sofosbuvir and simeprevir combination.
In early 2015 the combination of sofosbuvir and ledipasvir, a first-generation NS5A inhibitor, in a single pill to be administered once a day was available for the treatment of HCV genotypes 1, 3 and 4. The SVR after 12 wk of treatment was as high as 99%[12,13]. Importantly, it was shown that the treatment could be shortened to 8 wk with an SVR of 94%[14]. Patients with genotypes 5 and 6 have also been treated successfully.
The first IFN-free triple combination approved for HCV genotype 1 was ritonavir-boosted paritaprevir and ombitasvir in one pill, and dasabuvir. Several phase III studies[15-18] showed an SVR from 95% to 100%. High SVR rates were also reported for patients with HCV genotype 4 without adding dasabuvir. 
All the above-mentioned data are awaiting solid confirmation from the real world. The early real-life data presented seem to confirm the trial results, albeit with a slightly lower SVR[19]. Further studies are necessary to evaluate the effect of treatment in patients with advanced liver disease as well as on the development of hepatocellular carcinoma (HCC). To this regard, preliminary studies seem to indicate that cirrhotic patients should undergo a close follow-up after HCV clearance by DAAs due to the residual possibility of developing HCC. In addition, considering the widespread use, the possibility to shorten the treatment duration should be evaluated.
Overall, the data on safety seem to indicate good tolerability for all of the above combinations. Moreover, it seems that there are no absolute contra-indications to the use of these approved DAAs. However, it is necessary to be prudent with the use of sofosbuvir for patients with severe renal impairment. In addition, the triple combination of ritonavir-boosted paritaprevir, ombitasvir, and dasabuvir has not yet been adequately evaluated in patients with Child-Pugh B decompensated cirrhosis and is contraindicated in patients with Child-Pugh C decompensated cirrhosis. Furthermore, the pharmacokinetics and safety of simeprevir for decompensated cirrhosis have not yet been fully evaluated, and it induces increased bilirubin levels in about 10% of cases. At present, considering the scanty data on the safety of DAAs in advanced liver cirrhosis, they must be used with extreme caution in this subgroup of patients. Moreover, if DAAs are administered to patients taking other drugs, it is mandatory that the drug-to-drug interaction be taken into account[20].

CRITICAL POINTS THAT HAMPER THE FULFILMENT OF THE HCV ELIMINATION DREAM
On the basis of the solid data from the trials on the efficacy and safety of all-oral INF-free combinations, the scientific community is euphoric about the elimination and even eradication of chronic hepatitis C. Therefore, now that we have a cure, the question is: in the real world, can we meet the conditions to make the dream come true? At the present, considering that HCV infection and its treatment are tremendously complex situations, the answer cannot be directly affirmative because of the many conditions, not impossible to overcome, that hamper the fulfillment of the dream. These conditions are linked to the elevated cost of drugs, to the access and delivery of care, to the epidemiology of HCV and to the political commitments to be undertaken.
The current high cost of the new all-oral regimen allows access to treatment only for a restricted number of HCV-infected patients; at present, many countries have chosen to treat only patients with advanced liver diseases. The high treatment costs can only be justified by the need to recuperate the research and development costs of the drugs; it has been estimated that the predicted manufacturing costs of HCV DAAs range from United States $100 to $270 per person for a 12-wk treatment course[21]. Thus, action strategies should be evaluated with the aim to reducing the price of the new drugs and allowing extensive access to the new treatments not only in high- but also in middle- and low-income countries, where the highest prevalence of HCV infection is concentrated.  By extending access to treatment, a double advantage can be achieved: first, it will enable the drug companies to recover their costs sooner, and second, it will allow substantial individual and public health benefits by reducing both the hepatic and extrahepatic HCV-associated pathologies and the spread of HCV infection worldwide. Global negotiations should be undertaken to include state authorities, drug companies, healthcare authorities and the scientific communities to reduce the cost of treatment, thereby extending access to more patients and preventing the spread of HCV infection. In this respect, the policies adopted by Egypt and India have obtained a price reduction that will allow widespread treatment of HCV-infected patients. Alternatively, it will be necessary to wait 15 years for generic drugs, the time required for drug patents to expire. If this should occur, the question that everyone should ask themselves is: is it ethical to let someone die of hepatitis C when effective treatment is available but is inaccessible due to the high cost, especially since we know that treatments can be produced at a very low cost? 
At present, of the estimated 150-200 million HCV-infected subjects worldwide, only the tip of the iceberg is really known. Consequently, if we presume today that the drug costs could be reduced, we would be able to treat only the prevalent cases of HCV. To achieve the elimination of HCV infection another two conditions have to be considered, the cases that are unaware of their HCV status and the incident cases. As a substantial number of countries do not have a screening program, it is critical to start adequate screening programs to identify subjects to be treated. Furthermore, the spread of HCV infection must be taken in hand to identify incident cases. Therefore, marginalized populations, drug users and intra-family spread of the infection must be monitored. To this regard, the current costs for both the epidemiological and pre-treatment screening is high. To ensure widespread treatment with the new HCV DAAs it is necessary to reduce the costs of diagnostic tests and, perhaps, determine only the HCV genotype to detect viremic subjects and decide the best therapeutic approach.
A further critical point is the delivery of treatment. At present, due to the high cost and the complexity of therapy, treatment is confined to specialist care centers to administer the drugs. However, for several reasons, these centers are not accessible to all infected subjects and in order to implement a successful HCV elimination program, non-specialists in primary care settings could deliver treatment. Due to the complexity of treatment, to be sure that an effective regimen is delivered, specialist supervision in the primary care should be given. Accordingly, Project ECHO could be a model for the management of HCV[22,23] where the decisions on treatment could be made using communication technologies.

CONCLUSION
The fantastic race for effective treatment for HCV has reached the final straight and the finishing line that marks the fulfillment of the dream can be clearly seen. Although the reality has exceeded all expectations, the Healthcare Authorities do not appear to be ready to take on the challenge for victory. One analysis suggested that it is possible to achieve the elimination of HCV by 2030 if screening programs to identify the HCV-infected populations are implemented and if active management with new oral anti-HCV therapies is made accessible on a large scale[24,25]. However, time is running out and there is an urgent need to reduce liver transplantation, considering that HCV infection is the leading cause of liver transplants, and to save millions of lives. To this regard, it is important to underscore that the current HCV-related death rate ranges from 350000 to 500000 people per year[26]. Furthermore, a recent analysis showed that HCV-related morbidity and mortality are expected to increase in the next 15 years[25], and it is estimated that among the current chronically HCV-infected population with no liver cirrhosis, the HCV-related deaths will peak in 2030-2035[27]. Now that we are in the final straight of the extraordinary race for effective therapy, a concerted effort must be made by the state authorities to press for a reduction in the cost of the drugs and by the scientific communities to improve the knowledge on HCV epidemiology and to plan strategies for the access and delivery of therapies. Widespread access to the new treatments will allow the dream to become reality.
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Table 1 Direct-acting antiviral agents approved for the treatment of hepatitis C virus in interferon-sparing regimens
	DAAs
	Class
	Generation
	Activity

	
Simeprevir
	NS3-4A
	Second-wave, First generation
	Genotypes 1 and 4

	Paritaprevir
	NS3-4A
	Second-wave, First generation
	Genotypes 1 and 4

	Sofosbuvir
	Nucleoside/Nucleotide
	Nucleotide analogue
	Pangenotype

	
	analogues
	
	

	Dasabuvir
	Non-nucleoside inhibitors
	Palm domain I inhibitor
	Genotype 1 

	
	of the HCV RNA-dependent
	
	

	
	RNA polymerase
	
	

	Daclatasvir
	NS5A inhibitors
	First-generation
	Pangenotype

	Ledipasvir
	NS5A inhibitors
	First-generation
	Genotypes 1,3,4,5, and 6

	Ombitasvir
	NS5A inhibitors
	First-generation
	Genotypes 1 and 4


DAAs: Direct-acting antiviral agents; HCV: Hepatitis C virus.
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Figure 1 Milestones in the chronic hepatitis C treatment evolution, from interferon-based regimens to all-oral interferon-free combinations, and the respective sustained virologic response rates. IFN: Interferon; SVR: Sustained virologic response.
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