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Summary 

Introduction Observational research can play an integral role in the healthcare 

decision-making process. In an era of ever increasing drug costs, healthcare decision-

makers are under pressure to optimally allocate resources. It is essential they have 

access to a comprehensive evidence base to inform their decisions. Since the approval 

of the direct-acting antiviral (DAA) agents in Ireland in 2012, the hepatitis C (HCV) 

treatment landscape has been transformed. This was identified as an opportune time to 

maximise the therapeutic management of HCV infection in Ireland. Thus, the national 

HCV treatment registry was established. This thesis aims to utilise the registry to 

generate robust real world data to assess the impact of these regimens in the post-

reimbursement era, and to demonstrate the value and practical application of 

observational data in healthcare decision-making.   

Methods The registry utilises a prospective, longitudinal, observational cohort study. 

The effectiveness of the DAA regimens was established following analysis of the 

registry data. Micro-costing studies were undertaken to establish the cost of HCV-

related healthcare for patients i) receiving DAA treatment ii) following premature 

discontinuation and iii) following achievement of a sustained virological response 

(SVR). Ambulatory care costs were compared with those of an untreated cohort. The 

perception, knowledge and attitudes to the registry among key stakeholders were 

determined through an online survey. A systematic literature review identified all 

published literature reporting the efficacy or effectiveness of licensed regimens for 

genotype (GT) 1 HCV-infected patients. This facilitated the comparison of our 

outcomes with other studies and informed a network meta-analysis (NMA) which aimed 

to assess the impact of including observational data in the estimation of the relative 

treatment effect of agents for the treatment of GT1 infection. We applied our 

effectiveness and cost data to an independently produced economic model and 

compared the output with the original analysis when RCT data and costs from other 

literature sources were inputted into the model.  
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Results SVR rates in the Irish clinical setting were comparable with the efficacy rates 

reported in RCTs when matched to similar patient populations, and our data generated 

real world data for subpopulations of patients excluded from these pivotal clinical trials. 

The SVR rates in the interferon (IFN)-free regimens (87%-90%) were higher than the 

SVR rates from IFN-based regimens (45%-74%). The mean per-patient cost of 

treatment with IFN-based regimens was €38,286 vs. €55,734 in IFN-free regimens 

primarily reflected by the higher drug acquisition costs for IFN-free regimens. 

Premature discontinuation was costly (€1,947 and €870 in those with and without 

cirrhosis, respectively). Following achievement of a SVR, patients with advanced 

cirrhosis continued to incur significant ambulatory costs attributable to the requirement 

for continued screening and higher risk of admission. The addition of observational 

data to the NMA did not have an impact on the relative treatment effect, potentially 

attributable to methodological issues. In the economic model, input parameters 

incorporating real world data had a significant impact on the cost-effectiveness of 

treatment regimens. The majority of key stakeholders (79%) were satisfied with their 

involvement in the HCV treatment registry, and the on-going monitoring of clinical and 

cost outcomes had practical implications in the management of patient undergoing 

treatment for HCV infection 

Conclusion The generation and subsequent practical application of observational data 

derived from a treatment registry has demonstrated the value of such data for decision-

makers in the Irish setting. It has had a direct impact on health policy in Ireland through 

its integral role in the establishment of the National Hepatitis C Clinical Programme and 

the on-going generation of robust real world data will be highly valuable to healthcare 

policy-makers, when incorporated with all other available evidence, as they continue to 

manage the budget impact of HCV infection in Ireland. This study indicates the 

feasibility of applying the methods and findings from this work to other high-cost 

therapeutic areas in Ireland. 
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Chapter 1 Introduction 

Infection with the hepatitis C virus (HCV) is a major public health problem and a 

leading cause of chronic liver disease 1. It is estimated to affect >185 million people, 

with a prevalence of approximately 3% in the worldwide population 2-4. In Ireland, HCV 

is estimated to affect between 20,000 and 50,000 people 5. Over the last twenty years, 

treatment for HCV has evolved rapidly. Since 2011, with the availability of the direct-

acting antiviral (DAA) agents for use with, and subsequently, without pegylated-

interferon and ribavirin (PR), the treatment landscape for HCV infection has evolved 

rapidly 6, 7.  

 

Given the high drug acquisition cost of these DAA agents, epidemiological data 

indicates the budget impact of treating the HCV-infected cohort in Ireland to be 

significant and raises the question of affordability. In the current era of ever-increasing 

drug costs, methods are required to determine the most cost-effective treatments for 

patients 8. In 2012 it was recognized in Ireland that robust real world data was needed 

to best understand the effectiveness and benefits of these new treatments. Thus, 

policy-makers recommended the establishment of a national HCV registry, which 

would determine the real world impact of these regimens.  

 

The potential for registries in collecting real world data is substantial 9. However, there 

is an on-going debate about the value of using this observational evidence either in the 

absence of randomised evidence or as an adjunct to it 10. While considered the ‘gold’ 

standard in the hierarchy of research designs for evaluating the efficacy and safety of 

treatment interventions, the value of relying solely on randomised clinical trials (RCTs) 

for estimating treatment effectiveness is limited by their lack of generalisability, their 

short duration, the lack of follow-up and small sample sizes 11-13. Observational data is 

becoming increasingly recognised as an important component of the evidence that can 
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provide valuable information regarding the effectiveness and appropriate use of agents 

in the real world, outside of clinical trials 14, 15. Decision-makers should endeavour to 

assess and appraise all the available sources of evidence, whether derived from 

randomised controlled trials (RCTs) or observational research, at the time of 

reimbursement and during the post-reimbursement era. A comprehensive evidence 

base, including both RCTs and high-quality, well-designed observational studies, is 

important when making balanced judgments about the management of diseases and 

selecting appropriate treatments that provide optimal value 11, 13. Real world data can 

provide useful information to enhance robust reimbursement decisions. Healthcare 

decision-makers responsible for reimbursement decisions are increasingly seeking 

such real world outcome and cost data to inform their decisions 16. 

 

1.1 Aims and Objectives  

The aim of this thesis is to generate robust real world data that can be used to assess 

the impact of DAA regimens in the post-reimbursement era and demonstrate the value 

and practical application of observational data in healthcare decision-making using 

data from the Irish national HCV treatment registry.  

 

The objectives are as follows: 

 To undertake a systematic literature review to identify the published literature 

reporting the rates of efficacy and effectiveness of DAA treatment regimens 

licensed for use in patients infected with genotype 1 HCV infection in RCTs and 

observational studies and to compare the outcomes between the two study 

types. 

 To establish the effectiveness of the new treatments for HCV infection in the 

Irish clinical setting and to apply appropriate statistical analytical techniques to 

deal with the limitations associated with observational data. 
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 To determine the HCV-related healthcare cost of treating HCV infection with 

DAA agents in a hospital-based ambulatory care setting in Ireland. Additionally, 

the mean annual cost of premature discontinuation following virological failure, 

adverse event, non-compliance or other miscellaneous reasons will be 

estimated. 

 To determine if achieving a sustained virological response (SVR) resulted in 

decreased or increased mean annual HCV-related healthcare costs and the 

factors influencing these costs in the post-SVR era. 

 To determine the attitudes and perceptions of Irish healthcare stakeholders to 

the national HCV treatment registry. 

 To examine the practical value of observational data by assessing the impact of 

including observational data in a network meta-analysis and incorporating our 

real world efficacy rates and cost estimations into a economic model. 

 

1.2 Overview of Chapters 2 to 9 

Chapter 2 and Chapter 3 provide background information for this thesis. Chapter 2 

provides comprehensive information on HCV including basic virology, the epidemiology 

of HCV, the HCV landscape in Ireland and the treatment options available. Chapter 3 

introduces the concept of observational research including the different types of 

observational studies, their advantages and limitations with particular focus on 

registries. This chapter also provides information on evidence synthesis including 

meta-analysis and network meta-analysis and it is completed with information on the 

establishment of the Irish national HCV treatment registry in 2012.  

 

Chapters 4 to 7 present the original research of this thesis. Chapter 4 presents the 

systematic literature review that identified all published literature that reported the 



 5 

efficacy or effectiveness of licensed regimens for genotype 1 HCV-infected patients. In 

this study, we compared the SVR rates between RCTs and observational studies and 

investigated possible reasons for disparities in outcomes between the two study types. 

Chapter 5 presents the effectiveness rates for interferon (IFN)-based and IFN-free 

regimens in the Irish settings using the data from the Irish national HCV treatment 

registry. We reported data for three cohorts of patients; applying propensity scoring, 

where appropriate, to deal with the issue of confounding bias, a common limitation 

associated with observational research. Chapter 6 presents the results of the costing 

studies undertaken to establish the cost of treating HCV infection with DAA agents in 

the Irish setting and estimated the mean annual cost of premature discontinuation of 

IFN-based treatment following virological failure, adverse events, non-compliance or 

other miscellaneous reasons. Additionally, this chapter presents the results of a study 

undertaken to determine if achieving a SVR resulted in an increase or decrease in 

mean annual HCV-related healthcare costs when compared with the costs established 

previously for untreated HCV infection. Chapter 7 presents the findings from a 

quantitative survey of the attitudes and perceptions of physicians, nurses and other key 

stakeholders to the HCV registry.   

 

Chapter 8 utilised the results from these studies to demonstrate the practical 

application of observational data in outcomes research. In this chapter, we examined 

the impact of including effectiveness rates from observational studies to assess the 

relative treatment effect for all treatment regimens licensed for use in genotype 1 HCV 

infected-patients. Additionally, the effectiveness rates and costs established in this 

thesis were incorporated into an independently developed economic model, which 

aimed to address the question of cost effectiveness of HCV treatments in Ireland. We 

assessed the impact of using real world data in the model and compared these results 
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with the output from the original analysis which incorporated efficacy rates from RCTs 

and costs from list prices. 

 

Chapter 9 is the concluding chapter where a summary of the main findings, their 

impact on health policy and the implication of the outcomes for the future are 

presented.  

 

1.3 Conclusion 

Observational data can provide valuable information regarding the effectiveness and 

appropriate use of agents in the real world, outside of clinical trials. Determining Irish 

values for effectiveness and HCV-related costs provide robust real world data 

fundamental for input into future economic evaluations for agents used in the treatment 

of HCV infection. Understanding the value of these data and incorporating it into the 

evidence network are essential for those with responsibility for making sound decisions 

regarding coverage and reimbursement. 

 

While this research focuses on the area of HCV infection, by demonstrating the value 

of generating real world data for healthcare decision-making, we envisage that policy-

makers in other disease areas would benefit from establishing similar national 

registries and utilising the methodologies employed in the studies presented in this 

thesis. As demonstrated by the findings from this study, the determination of robust, 

country-specific, real world data will enhance the evidence assessed and appraised by 

healthcare decision-making for the appropriate allocation of limited resources. 
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Chapter 2 Hepatitis C and Treatment in the Irish Setting 

2.1 Virology 

The discovery of HCV was the direct result of the landmark discoveries of hepatitis B 

virus and hepatitis A virus and their serologies 17. HCV was originally cloned in 1989 as 

the causative agent of non-A, non-B hepatitis 18, 19. It is a single-stranded positive 

ribonucleic acid (RNA) virus that belongs to the flaviviridae family, approximately 9600 

nucleotides in length. The viral genome encodes a single precursor polyprotein of 

approximately 3000 amino acids. This is cleaved by viral and cellular proteases into a 

number of viral proteins 20. It has been estimated that chronically infected individuals 

replicate 1012 virions per day 21. The HCV virion is comprised of a nucleocapsid core 

surrounded by a host-derived lipid membrane which consist of the envelope 

glycoprotein, E1 and E2 22. Until recently, the exact nature of the HCV virology and life 

cycle was poorly understood and further research was required to understand the 

exact nature of this life cycle. The results from this research into the elucidation of the 

virology have led to significant advances in treatment over the last 5 years.  

 

2.1.1 Life Cycle 

Figure 1 identifies the seven steps in the HCV life cycle that can also serve as targets 

for potential novel therapeutic agents. Every step of the life cycle offers a variety of 

potential targets for novel therapeutics. 
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Figure 1: Schematic representation of the HCV life cycle  
Sourced from Kim et al 19 

 

Viral entry is initiated by binding to an attachment factor present at the plasma 

membrane of the target cell, the hepatocyte 21. The envelope glycoproteins are the 

major determinants of HCV entry. They play a role in receptor binding, and mediate the 

fusion process between the viral envelope and an endosomal host cell membrane 23. 

E1 and E2 proteins interact with specific receptors on the surface of hepatocytes, 

which actively promote virus entry by inducing conformational changes of the viral 

particle or by activating signalling pathways or internalisation of the virion. Multiple 

cellular receptors have been identified including scavenger receptor class B type 1 

(SRB1) and cluster of differentiation 81 (CD81), as well as the tight junction proteins 

claudin-1 (CLDN-1) and occludin (OCLN) 19, 21-23. While the exact nature of their role is 

not completely understood, it is likely that they facilitate a change in the E1/E2 

envelope glycoprotein that promotes fusion and viral endocytosis.  

 

After attachment, the nucleocapsid of enveloped viruses is released into the cell 

cytoplasm as a result of the fusion process between viral and cellular membranes. 

Fusion is mediated by specialised viral proteins and takes place either directly at the 

plasma membrane or following internalisation of the particles into endosomes. The 
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entry process is controlled by viral surface glycoproteins that trigger the changes 

required for mediating fusion 24. Following entry into hepatocytes through receptor-

mediated endocytosis, HCV particles undergo pH-dependent membrane fusion within 

an acidic endosomal compartment to release its RNA genome into the cytoplasm.  

 

Translation occurs in the cytoplasm and is initiated with the help of cellular factors. The 

HCV genome contains a single open reading frame flanked by 5’ and 3’ non-translated 

regions (NTRs), which contain highly structured RNA elements that are critical for 

genome translation and HCV RNA replication. The 5’ NTR contains an internal 

ribosome entry site which initiates translation of the HCV genome into a single 

polyprotein 23, 24. Viral and host proteases process the viral polyprotein into 10 mature 

proteins, the three structural proteins (core, E1 and E2), a small protein p7 which is 

required for viral assembly and release and six non-structural proteins (NS2, NS3, 

NS4A, NS4B, NS5A and NS5B). The non-structural proteins collectively contribute to 

various aspect of the HCV life cycle including viral attachment, entry and fusion, HCV-

RNA translation, post-translational processing, HCV replication, virus assembly and 

release 19, 23, 24. 

 

Infection with the HCV-RNA virus leads to rearrangement of intracellular membranes 

and induces the formation of a ‘membranous web’ that is derived from endoplasmic 

reticulum membranes. Viral replication occurs at this site with the non-structural 

proteins playing a vital role. NS3 through NS5B comprise the replication machinery, 

which replicates the positive sense RNA genome through a negative strand 

intermediate to produce new viral proteins which are assembled into infectious virions 

21. Various cellular factors are involved in HCV replication, including cyclophilin A and 

phosphatidylinositol 4 kinase IIIα (PI4KIIIα). Cyclophilin A modulates RNA-binding 

capacity of NS5B and interacts with NS5A while PI4KIIIα is recruited to the 
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‘membranous web’ by NS5A and thus both play critical roles in the viral replication 

process 19, 23, 24.  

 

Little is understood about HCV viral assembly and release. It appears that HCV virus 

assembly requires close interaction with lipid droplets and lipoprotein particles. HCV 

infection induces a profound change in the intracellular distribution of lipid droplets 

(LDs). LDs play a central role in HCV assembly since the viral proteins and viral 

genome are in close proximity. Additionally, the HCV core protein plays an essential 

role in this process since it directly interacts with LDs. Some non-structural proteins 

such as NS5A and NS3 are also found around LDs in HCV-infected cells. The core-LD 

association is essential for virus production. Importantly, NS5A emerges as a central 

element in the transition between replication and assembly. It is likely that all other viral 

proteins play a key role in the assembly process, centring on lipid droplets where 

assembly is triggered in the membranous and lipid-rich environment by the structural 

HCV proteins and the replication complex. Following accumulation of all the viral 

components close to the LDs, virion assembly is facilitated. This process can be 

divided into three steps: nucleocapsid formation, budding and maturation to the 

infectious particle 19, 21, 23, 25. After assembly and budding in the endoplasmic reticulum, 

the virus appears to be released through the secretory pathway in association with 

distinct lipid and apolipoprotein associations.  

  

2.1.2 Immune Response to HCV Infection 

The inefficiency of the immune system in eliminating this virus is not well understood.  

Effective clearance of an acute viral infection typically requires the coordinated function 

of multiple arms of the immune system, including the innate immune system (IFNs, 

natural killer (NK) and NK T-cells), as well as the adaptive or acquired immune 

response specific to a given pathogen (CD4+ and CD8+) 26. Successful clearance of 
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HCV infection requires activation of NK cells, which is followed by a cascade of events 

leading to the production of IFN-γ. IFN triggers the innate cellular antiviral response, 

which functions to limit viral replication 27, 28. The mechanism by which chronic HCV 

develops and persists in the majority of infected individuals remains unclear, but it does 

so despite the presence of HCV-specific CD4+ and CD8+ T-cell responses in the 

peripheral blood and the liver, which suggests that these responses are, for the most 

part, ineffective 26.  

 

2.2 Acute Hepatitis C 

Acute infection with HCV is often unrecognised because individuals are commonly 

asymptomatic. HCV infection is diagnosed by anti-HCV testing. Antibodies against 

HCV are present during all stages of the infection and for some time after viral 

clearance. However, diagnosis in the acute phase is difficult because this production of 

antibodies can be delayed by up to 12 weeks following exposure. As serum HCV-RNA 

becomes detectable 1-3 weeks following exposure, HCV-RNA testing by polymerase 

chain reaction (PCR) is the only reliable test for the accurate diagnosis of acute 

infection 29, 30. Other criteria considered when diagnosing patients include an acute 

increase in alanine aminotransferase (ALT) levels to >10 times above the normal upper 

limit and the potential for exposure to HCV during the previous 2-12 weeks 31. The 

identification of treatments for acute HCV was hindered by the difficulties in its 

diagnosis. However, clinical trials have investigated treatment for acute infection with a 

24-week course of standard IFN-α monotherapy and reported SVR rates in the range 

of 71%-94% 30, 32. The rate of spontaneous clearance after acute HCV infection is 

conservatively estimated to be 15%–25% 28. Host and viral factors including ethnicity, 

gender, race, presence or absence of specific human leukocyte antigen (HLA) type II 

alleles, HCV genotype and the strength and pattern of HCV-specific CD4 cell 

responses are proposed as being associated with spontaneous viral clearance 31, 33. 
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2.3 Chronic Hepatitis C 

Chronic hepatitis C is defined as persistent, detectable serum HCV-RNA levels, for a 

period greater than 6 months, with or without liver function test abnormalities 34. 

Persistence of HCV infection results when innate responses are blunted, thus 

dampening the priming of adaptive responses. T-cell induction of IFN-γ clears HCV 

infection, while a poor response to IFN-γ permits continued viral replication with its 

effect on cytokine release 28.  As previously stated, between 75% and 85% of those 

infected with acute hepatitis C will go on to develop a chronic condition. 

  

2.3.1 Progression 

Globally, hepatitis B is the leading cause of liver failure, hepatocellular carcinoma 

(HCC) and one of the most common reason for liver transplantation worldwide 35. 

However, in Western countries, chronic hepatitis C is the leading indication for liver 

failure and subsequent transplantation 36. Disease progression is exceedingly slow. 

Both host and viral factors are considered to play a role in disease progression. These 

include age, duration of infection, gender, race, viral concentration and genotype 28, 37, 

38. The end-stage consequence of fibrosis progression is cirrhosis, and if untreated, 

can lead to hepatic decompensation and the development of HCC 37, 39. A meta-

analysis by Thein et al calculated that cirrhosis developed, on average, in 16% of 

patients within 20 years of onset of HCV 40.  This figure can vary from between 14-62% 

and is explained by regional differences and other co-factors associated with fibrosis 

progression 37, 40-42. Once cirrhosis develops, outcomes typical of advanced liver 

disease, or decompensation, may occur, including ascites, variceal bleeding and 

hepatic encephalopathy, leading to transplantation or death 43. An estimated 25% of 

HCC can be attributed to HCV and up to 7% of cirrhotic patients can develop HCC 44, 45. 

Up to 80% of those with HCC will die each year 45-48. Although the incidence of new 

HCV infections is declining, particularly in developed countries, without adequate 
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treatment the morbidity and mortality associated with HCV infection will continue to 

increase. Both the longstanding nature of the infection and an ageing population is 

contributing to a significant increase in HCV-related cirrhosis and premature deaths in 

recent times 2, 49.  

 

2.4 Genotype 

HCV exhibits an extraordinarily high degree of genetic diversity. HCV is classified into 

at least seven recognised genotypes (GT) (1-7) on the basis of phylogenetic and 

sequence analyses of whole viral genomes. HCV strains belonging to different 

genotypes differ at 30%-35% of nucleotide sites. Within each genotype, HCV is further 

classified into over 50 subtypes. Strains that belong to the same subtype differ at <15% 

of nucleotide sites 3, 50. 

 

It has been established that a few subtypes, specifically 1a, 1b, 2a and 3a, are widely 

distributed across the globe and account for a large proportion of HCV infections in 

developed countries 3. GT1 is the most common cause of HCV infection worldwide, 

accounting for 46% of all infections. The prevalence of other genotypes is lower. GT3 

accounts for 22%, GT2 for 13% and GT4 for 13% of all infections 51, 52. However, 

significant geographic variation exists. GT1 is dominant in Australasia, Europe, Latin 

American and North America (53%-71% of all cases) while GT3 accounts for 40% of all 

infections in Asia. In North Africa and the Middle East, GT4 is most common (71%) 51. 

GT1, the most prevalent genotype in Europe, and Ireland, is composed of at least 60 

subtypes with differences in nucleotide and amino acid sequences. HCV subtypes 1a 

and 1b are the major strains and show geographical variation, with subtype 1a the 

most prevalent in Europe 53. Certain genotypes are easier to treat and, thus, the 

recommended drug therapy and duration of treatment varies by genotype. For this 
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reason, determination of an infected individual’s genotype is important to appropriately 

tailor therapy 52. 

 

2.5 Routes of Transmission 

The most efficient transmission of HCV is through large or repeated direct 

percutaneous exposure to blood 54. HCV is less efficiently transmitted by single small 

dose percutaneous exposures. Risk factors associated with acquiring infection include 

transfusion of blood or blood products, injecting drug use, unsafe therapeutic 

injections, occupational exposure to blood, birth to an infected mother, sex with an 

infected partner and sex with multiple partners. Epidemiological studies on the role of 

potential risk factors, such as medical procedures, injections for medications and 

immunisations, injecting drug use, tattoos and in a minority of cases, sexual 

transmission, have shown wide geographical variations 55. In developed countries, the 

prevalence of anti-HCV among persons who inject drugs (PWID) ranges from 31%-

98% 56. In developing countries, HCV transmission is mainly by contaminated blood 

products. 

 

2.6 Epidemiology 

It is now well established that HCV is of global importance and presents significant 

disease burden 52. The World Health Organisation (WHO) declared HCV a global 

health problem due to its impact on morbidity and mortality. Only a small proportion of 

those infected receive antiviral treatment, and up to half of those are unaware of this 

infection. Reasons for this include lack of awareness and knowledge of HCV among 

healthcare providers, at-risk patients, health policy-makers and the public. This 

contributes to poor screening services and missed opportunities for diagnosis, 

prevention and treatment 43.  
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In 2010, the Global Burden of Diseases, Injuries and Risk Factors study was 

undertaken to estimate the burden of HCV infection 4. Since 1990, the numbers with 

HCV antibodies has risen from 122 million to over 185 millions. The prevalence of HCV 

demonstrates considerable geographical variation, which may be explained by different 

distributions and different contributions of risk factors in different study regions (Table 

1) 4, 51. Although prevalence is highest in Egypt, China has the most infected individuals 

with 29.8 million 57.  

 

Table 1: Example of the variation in the global prevalence of HCV-RNA  

Country Viraemic Prevalence (%) 

Asia  

   Japan 1.1 

   China  0.8  

   Pakistan 5.8 

Australasia  

   Australia 1.2 

Europe    

   Romania 2.9 

   United Kingdom 0.4 

   Ireland 0.8 

   Italy 1.5 

   Latvia 1.7 

Africa  

   Egypt 10 

   Morocco 1.1 

Latin America  

   Brazil 1.3 

North America  

United States 1 

 

A recent study in Europe estimated that the prevalence of HCV varies between 2.4% 

for Western and Central Europe and 2.9% for Eastern Europe. With a global population 

of 740 million, it is estimated that the pool of HCV infected individuals in Europe is 19 

million 58.  

 



 17 

2.6.1 HCV in Ireland 

In Ireland, HCV is recognised as a significant public health problem yet the prevalence 

is poorly characterised. It is likely that there are many infected patients whom remain 

undiagnosed. HCV became a notifiable disease in Ireland in 2004. Cases are reported 

to the Health Protection Surveillance Centre (HPSC) through the Computerised 

Infectious Disease Reporting (CIDR) system. There have been over 14,000 cases of 

HCV notified in the 10 year period between 2004 and 2014 59. The number of cases 

notified reached a peak in 2007 and has steadily declined since with 710 cases notified 

in 2014 (Figure 2). 

 

 
Figure 2: Number of cases of HCV notified between 2004-2014 
Sourced from the Health Protection Surveillance Centre59 

 

A collaborative study between the HSPC and the National Virus Reference Laboratory 

(NVRL) to estimate the prevalence of the infection in Ireland was published in 2012 5. 

Specimen-based laboratory data, for the period of 1989-2004, was translated to 

person-based data and combined with notification data from 2004-2009. From this, it 

was estimated that some 20,000-50,000 people in Ireland are chronically infected with 
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HCV, which equates to a population prevalence of 0·5-1·2%, with the majority yet to be 

diagnosed. This was similar to the prevalence estimates in other Northern European 

countries. However, these estimates are subject to uncertainty and the true prevalence 

rate of HCV in Ireland is unknown. This study also estimated the genotype profile of 

HCV-infected patients and it was established that GT1 accounted for 55% of HCV 

infections in Ireland 5. GT3 accounted for 39%, 4% were GT2 and 1% were GT4.  

 

The main causes of HCV in Ireland are injecting drug use and receipt of contaminated 

blood or blood products 5. Studies in Ireland among PWIDs, between 1992 and 2006, 

reported a HCV antibody prevalence of between 52-84% 60-66.  

 

2.6.1.1 Irish Legacy Cohort 

October 1991 saw the commencement of routine screening for HCV antibodies in 

blood donors in Ireland 67. A regional study of donors completed in early 1994 identified 

14 men and 15 women with HCV antibodies. It was noted that the 15 women differed 

substantially from the overall donor population. These women were older and 87% 

were Rh-negative, compared to 18% in the general population. Administration of anti-D 

immune globulin to Rh (D) negative women who have delivered Rh (D) positive babies 

is a vital part of obstetric care. Twelve of these women had received anti-D immune 

globulin in 1977. Subsequent analysis of batches of anti-D immune globulin, used in 

Ireland to prevent Rh isoimmunisation was found to be contaminated with HCV (GT1b) 

from a single infected donor 67.  

 

This led to the initiation of a national screening programme for people who had 

received blood or blood products prior to the introduction of routine HCV antibody 

screening of blood-product donors in October 1991. In total, over 62,000 women 
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presented for screening. Of these, 704 had evidence of past or current infection with 

HCV and 390 tested positive for serum HCV RNA 67. All of these women were referred 

to one of six hepatology centres throughout the country.  

 

A second outbreak of HCV virus occurred between 1991 and 1994 as a result of 

administration of IV anti-D immune globulin batches manufactured in Ireland 68. A total 

of 44 women exposed to these batches of immune globulin were positive for HCV-

RNA. Overall, approximately 1700 people infected with HCV through blood or blood 

products have been identified.  

 

2.7 Burden of Disease 

As previously discussed, persistent HCV infection may lead to progressive liver 

disease with the development of liver cirrhosis and HCC, accounting for up to 0.5 

million deaths, worldwide, per year 69. A study published in 2015 by Sibley et al 70 

illustrated that the total number of new HCV infections is projected to decline due to a 

combination of an ageing prevalent population, treatment and a reduction in risk factors 

due to improvements in screening of blood products and harm reduction programmes 

of PWIDs. However, morbidity and mortality attributable to HCV are expected to 

increase as the current population progresses to advanced stages of liver disease. 

Data from the Centre for Disease Control (CDC) estimate that there are 12,000 deaths 

from HCV in the US per year 71. Studies have demonstrated that for almost all 

countries, the peak of HCV-related cirrhosis, HCC and liver-related death is a decade 

or more away 70, 72-76. A consistent finding was that a reduction in HCV liver-related 

mortality is dependent on access to therapy. Increasing efficacy of therapy alone with a 

constant number of treatments will not have a major impact on HCV-related disease 

burden. Reducing HCV disease burden is possible with a two-pronged effort, where 

active screening programmes find and identify HCV-infected individuals and where 
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active management with antiviral therapy is maintained 72. Highly effective, oral DAAs 

offer a new hope to reduce the disease burden of HCV. However, to maximise the 

benefits of new DAAs, expanded screening and substantial expansion in treatment 

capacity are necessary in the near term. Without these changes, the HCV burden will 

remain substantial 77. 

 

In 2011, Razavi et al estimated the total cost associated with HCV disease burden in 

the US to be USD$6.5 billion (€5.6 billion) 78. This is expected to peak in 2024 at 

USD$9.1 billion (€7.9 billion). The estimated lifetime healthcare costs associated with 

HCV-infected individuals in 2011 were in the region of USD$64,000 (~€55,500). 

However, as life expectancy increases, this cost will also rise. Similarly, in a study be 

Myer et al, the total costs associated with HCV in Canada are projected to increase 

from CAD$161 million (€109 million) in 2013 to CAD$258 million (€175 million) at its 

peak in 2032. The estimated lifetime costs are CAD$64,700 (~€44,000) but range from 

CAD$51,946 (~€35,500) for an individual with no fibrosis (F0) to CAD$327,608 

(~€224,000) for an individual requiring a liver transplantation. In the UK, it was 

projected that healthcare costs would increase from £82.7 million (€104 million) in 2012 

to £115 million (€145 million) in 2035 79. It is clear that, in addition to the morbidity and 

mortality associated with the infection, HCV presents a significant cost burden that is 

expected to increase in the absence of improvement in screening programmes, 

capacity to treat and efficacy of treatments. 

 

In Ireland, given that PWIDs play a significant role in HCV transmission, the age of the 

HCV-infected population is relatively young. As a result, it has been predicted that 

much of the burden of HCV-related morbidity and mortality will occur after 2030 73. 

Increases in the treatment efficacy and the annual treated population have the potential 

to greatly impact the burden of disease in Ireland. Compared to other countries, Ireland 
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has relatively few individuals who have progressed to cirrhosis or advanced liver 

disease but evidence of the increase in incidence of HCC suggests that the numbers 

with advanced liver disease is growing (Figure 3) 80.  

 

Sourced from the National Cancer Registry Ireland80 

 

A study by Kieran et al published in 2015, estimated that the mean annual direct 

medical cost of untreated HCV infection in Ireland ranged from €398 in patients with 

mild liver disease to €21,992 for a patient with HCC. Patients in the first year post-

transplantation accrued the most costs (€137,176) 81. This study demonstrated that the 

direct medical costs of untreated HCV in Ireland are substantial and these costs 

increase exponentially with the progression of liver disease. A second study by Kieran 

et al, also published in 2015, that aimed to establish the budget impact of HCV 

treatment in Ireland from 2001-2012, identified that during this period the number of 

patients treated per annum peaked in 2009 82. Overall, during this period, 2,320 

individuals received treatment with PR, the standard of care at the time. The budget 

impact was significant with €27 million spent on providing drug treatment for HCV from 

2001-2012. However, the number of patients treated during this period was relatively 

Figure 3: Incidence of hepatocellular carcinoma from 1994-2013 in both males and 
females.  
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modest. This is likely due to the fact that treatment with PR treatment regimen was 

resource intensive and patients required a substantial amount of support and 

monitoring, thus, limiting the number of patients that could receive treatment at any one 

time. Given that the all-oral DAA regimens are shorter in duration and are associated 

with a reduction in side effects, budget impact assessments must anticipate an 

increase in treatment capacity, and subsequent increase in the cost of providing drug 

treatment, over the coming years.  

 

2.8 Treatment of Chronic Hepatitis C 

The goal of therapy for chronic HCV infection is eradication of the virus. The end point 

of successful therapy is SVR24, defined as undetectable HCV RNA in serum 24 weeks 

after treatment has been completed 25. A recent study demonstrated that undetectable 

HCV-RNA at 12 weeks after completion of treatment (SVR12) correlates closely with 

SVR24 and thus, SVR12 can be effectively used to determine “cure” rates in trials and 

clinical practice and is now accepted as a primary study endpoint by most regulatory 

bodies 83, 84. With an array of treatment currently available, it is important that treatment 

decisions are individualised. Decisions may be based on the genotype, stage of liver 

fibrosis, previous treatment experience, the potential for serious side effects, the 

likelihood of treatment response, the presence of comorbid conditions and the patient’s 

readiness for treatment 1, 49. Since first identified in 1989, significant advances have 

been made in the treatment of HCV infection (Figure 4).  
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Figure 4: HCV Treatment Timeline 
Peg-IFN = pegylated-interferon, RBV = ribavirin 

 

2.8.1 Treatment Paradigm 1989-2001 

In the first two decades after the discovery of the virus, the evolution of treatment for 

HCV was slow, mainly due to the poor understanding of the viral life cycle.  Historically, 

IFN-α-based monotherapy was the standard antiviral regimen for the initial 

management of HCV. However, SVR rates were poor ranging from 5%-20% 85-87.  

 

Ribavirin (RBV) is a nucleoside analogue with activity against a number of viruses. The 

mechanism of action is complex and not completely understood but possibilities 

include direct inhibition of HCV and modulation of innate and adaptive antiviral immune 

responses including an augmented induction of IFN-stimulated genes in response to 

IFN-α 86. While RBV alone had little effect on HCV-RNA levels, the addition of RBV to 

IFN-α improved SVR rates by more than two-fold (~38%) 87. Therefore, in 1998, IFN-α 

in combination with RBV was approved for the treatment of HCV infection.  
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2.8.2 Treatment Paradigm 2001-2011 

The third significant breakthrough in the treatment of HCV was the approval of 

pegylated-interferon-α (Peg-IFN) in 2001 86. The pegylation of IFN-α resulted in 

profound pharmacokinetic changes characterised by higher and longer-lasting serum 

concentrations, thus, requiring less frequent dosing. From 2001 to 2011, dual therapy 

with PR became the standard of care for treating HCV infection. 

 

While there were significant improvements in the SVR rates, these differed 

substantially between patient populations 88. One important predictor of SVR is 

genotype. PR for 48 weeks resulted in SVR rates of approximately 40%-50% in HCV 

GT1-infected individuals but 24 weeks of PR therapy usually resulted in a SVR in 70%-

90% of GT3 and GT2-infected individuals, respectively 86, 89. Host determinants such as 

race, presence of metabolic syndrome, or presence of advanced liver fibrosis are other 

important predictors of treatment response.  

 

Treatment with PR was associated with significant side effects and were regarded as a 

major limitation to therapy 90. Fatigue, influenza-type symptoms, psychiatric morbidity 

and haematological abnormalities were commonly associated with Peg-IFN. The 

psychiatric symptoms mandated careful patient selection and monitoring, and in some 

cases, precluded some patients from accessing therapy. RBV caused anaemia and 

was also associated with rash and pruritus. These adverse effects (AEs), in addition to 

the long duration of treatment, often affected treatment uptake and patient adherence, 

which impacted the efficacy of treatment 91.  
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2.8.2.1 IL28B Haplotype 

In 2009, four independent groups, using genome wide association studies, identified 

single nucleotide polymorphisms (SNPs) near the interleukin-28B (IL28B) region which 

were strongly associated with response to PR 92, 93. The SNP has three genotypes: CC, 

CT and TT 94. Patients with a favourable IL28B CC genotype are more likely to have a 

SVR with PR treatment, whereas patients who have the TT genotype are more likely to 

be non-responders. These genetic variants also affect viral kinetics on-therapy and 

during spontaneous viral clearance 95. 

 

2.8.3 Treatment Paradigm 2012-Present 

Recent years have seen a significant improvement in the treatment of HCV infection, 

with the advent of DAA therapy and a move towards potent IFN-free regimens, with 

SVR rates above 90% 96. An improved understanding of the HCV life cycle and 

replication has allowed for the development of a plethora of new therapeutic agents 

that target enzyme activity directly 88, 90.  

 

2.8.3.1 Interferon-based Regimens 

The NS3/4A inhibitors target the serine protease NS3/4A which cleaves the HCV 

polyprotein at four sites 88. First generation protease inhibitors, telaprevir (TPV) and 

boceprevir (BOC), were the first DAAs to be licensed for HCV GT1-infected individuals 

in 2011. Both agents were used in triple therapy regimens in combination with a PR 

backbone for 24 or 48 weeks (BOC/PR and TPV/PR) 88. The treatment protocols for 

these regimens varied depending on whether the patient had previously received 

treatment for HCV, whether or not they are cirrhotic, in addition to their HCV-RNA 

response during therapy (Figure 5 and Figure 6).  
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RCTs for these regimens reported a significant improvement in efficacy in both 

treatment naïve and treatment-experienced GT1 patients compared to dual therapy 

(PR) alone (67%-75% vs. 40%-44% in treatment naïve patients, 31%-86% vs. 5%-29% 

in treatment-experienced patients) 97-105. Despite improved SVRs rates, these regimens 

were associated with additional AEs. Both regimens had significantly increased rates of 

anaemia compared with PR alone. Up to 50% of patients in the BOC/PR RCTs 

reported anaemia while TPV/PR therapy resulted in severe rash in addition to 

anaemia. As a result of a variety of host, viral and treatment-related factors, therapeutic 

regimens incorporating first-generation protease inhibitors were complex 106. A 

combination of a challenging side effect profile, drug-drug interactions, low barriers to 

resistance, lack of pangenotypic activity and a requirement for intensive on-treatment 

monitoring leading to a reduction in the capacity to treat patients has limited the 

effectiveness of this drug class 107. Careful patient selection and monitoring was 

essential to ensure positive clinical outcomes and minimisation of patient morbidity 108.  

 

 
Figure 5: Telaprevir triple therapy treatment paradigm 
Sourced from Schiffman M.L 109 
TPV = Telaprevir, PEG-IFN = pegylated-interferon, RBV = ribavirin, eRVR = early rapid virological response 
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Figure 6: Boceprevir triple therapy treatment paradigm 
Sourced from Schiffman M.L 109  
BOC = Boceprevir, PEG-IFN = pegylated-interferon, RBV = ribavirin, eRVR = early rapid virological response 
 

 

In 2013, simeprevir (SMV), a second wave protease inhibitor that was licensed for use 

in GT1 and GT4 HCV infection in combination with a PR backbone (SMV/PR), was 

approved for use in Ireland. Treatment duration is between 24 and 48 weeks. RCTs 

reported SVR rates of approximately 80% in treatment naïve patients and 77%-89% in 

treatment-experienced patients 110-113. The overall safety profile of SMV/PR was better 

than for TPV/PR and BOC/PR triple therapy, with only a small proportion of patients 

reporting rash, pruritus, photosensitivity and hyperbilirubinaemia 114.  

 

Daclatasvir (DCV), an NS5A inhibitor, was evaluated in combination with a PR 

backbone (DCV/PR). In GT1 individuals, the treatment duration was 24 to 48 weeks 

and SVR rates ranged between 57%-87%, with lowest rates observed in GT1a 

individuals. In GT2 and GT3-infected patients, 12-24 weeks of treatment was required. 

Efficacy rates in GT2 patients ranged from 83%-88% and were approximately 70% in 

GT3-infected individuals 115. While SVR rates in some patient populations were 
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promising, NS5A inhibitors are predominantly used as components of IFN-free 

regimens, and not in a triple therapy regimen with a PR backbone.    

 

Sofosbuvir (SOF), an NS5B inhibitor, in combination with PR, was licensed for 

treatment in all genotypes (SOF/PR). Treatment duration was between 12-24 weeks. 

The RCTs reported SVR rates of 91% in GT1-infected patients, 83%-96% in GT2/3-

infected patients and 87%-90% in GT4/5/6-infected patients 116-118. The site of action of 

the DAA agents is illustrated in Figure 7 88. 

 

 
Figure 7: Sites of action of the direct-acting antiviral agents  

 

2.8.3.2 Interferon-free Regimens 

With an urgent need for more effective antiviral therapy for difficult to treat populations 

with IFN intolerance, availability and accessibility of all-oral, IFN-free regimens was the 

next step forward 114. These advances in therapy resulted to improved efficacy with 

higher SVR rates 119. Other promising characteristics of these new regimens included 

improved tolerability, a reduced pill burden and a reduced potential for drug-drug 

interaction while also shortening the duration of treatment 120. 
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Given its pangenotypic activity, there are a number of sofosbuvir-combination regimens 

that have demonstrated improved efficacy in a multitude of patient populations. 

Sofosbuvir with or without ribavirin (SOFRBV) has been approved for use in all six 

genotypes. SVR rates range from 67%-93% with the lowest efficacy rates observed in 

GT1-infected individuals and GT2/3 previous non-responders 88, 121. Treatment duration 

is for 12 weeks with the exception of GT1 patients, where 24 weeks is recommended. 

Sofosbuvir combined with simeprevir with or without RBV (SOF/SMVRBV) is an 

option for GT1 and GT4 individuals. SVR rates in the GT1 population were 79%-96% 

after 12 weeks of therapy. While this combination has not been studied in RCTs, the 

European Association for the Study of Liver Disease (EASL) recommended its use in 

the GT4 population 122, 123. Sofosbuvir showed promise when combined with NS5A 

inhibitors, ledipasvir (SOF/LDVRBV) and daclatasvir (SOF/DCVRBV), with or without 

ribavirin. RCTs studying SOF/DCVRBV for 24 weeks reported SVR rates of 98% in a 

GT1 population and 93% in a GT2/3 population 124. When combined with ledipasvir 

(SOF/LDVRBV), SVR rates in GT1 patients ranged from 94%-99% following 12-24 

weeks of therapy 125-127.  

 

The final licensed regimen is a combination of the NS3/4A inhibitor paritaprevir, co-

formulated with low dose ritonavir and the NS5A inhibitor ombitasvir, which is 

administered in combination with dasabuvir, an NS5B nucleoside inhibitor, with or 

without ribavirin (3DRBV). This regimen is licensed for use in GT1-infected individuals 

with treatment duration ranging from 12-24 weeks. RCTs have reported SVR rates 

between 90%-99% 88, 114, 128-130. Table 2 presents the range of SVR rates reported in 

the pivotal clinical trials for each DAA regimen.  
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Table 2: SVR rates for DAA regimens reported in randomised controlled trials 

Treatment Regimen Genotype SVR Rate (%) 

TPV/PR 1 31-86 

BOC/PR 1 40-68 

SMV/PR 1/4 77-89 

DCV/PR 1 57-87 

 2 83-88 

 3 70 

SOF/PR 1 91 

 2/3 83-96 

 4/5/6 87-90 

SOF+RBV 1/2/3 67-93 

SOF/SMVRBV 1 76-96 

SOF/LDVRBV 1 94-99 

SOF/DCVRBV 1 98 

 2/3 93 

3DRBV 1 90-99 

 

Given the myriad of available treatment regimens, in 2015, EASL published updated 

recommendations on the treatment of HCV infection 122.  These recommendations 

were intended to assist physicians and other healthcare providers in the clinical 

decision-making process by describing the optimal treatment regimens for the 

management of individuals, with or without cirrhosis, infected with HCV. For all 

regimens, the recommended duration of treatment and reported SVR rates often 

differed depending on whether the patient has cirrhosis or not (Figure 8 and Figure 9).  
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Figure 8: Treatment recommendations for HCV-infected individuals without cirrhosis 
Including both treatment naive and treatment experienced (PR failure) individuals 
Sourced from EASL Recommendations 2015 122 
 
 

 
Figure 9: Treatment recommendations for HCV-infected individuals with compensated cirrhosis 
Including both treatment naive and treatment experienced (PR failure) individuals 
Sourced from EASL Recommendations 2015 122 

 

Since the publication of the above recommendations in 2015, the American 

Association for the Study of Liver Diseases (AASLD) and the Infectious Disease 

Society of America (IDSA) have published updated HCV guidelines which include 

recommendations for the use of two additional all-oral DAA regimens 131. Elbasvir and 

grazoprevir, a fixed-dose combination, was approved in early 2016. Elbasvir is a NS5A 

inhibitor while grazoprevir is a NS3/4A inhibitor. The combination is licensed for use in 
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GT1 and GT4 HCV infection. High efficacy rates of 95% were reported in clinical trials, 

even in difficult-to-treat patients such as those with cirrhosis, HIV co-infected, those 

who had failed previous therapy and dialysis-dependent patients 132-136.  

 

A second fixed dose combination, sofosbuvir and velpatasvir was approved by the 

European Medicines Agency (EMA) in July 2016. Velpatasvir is a novel NS5A inhibitor. 

It is the first once-daily single tablet regimen with pangenotypic activity licensed for use 

in patients with GT1-6 without cirrhosis and with compensated cirrhosis. The addition 

of ribavirin should be considered for GT3 infected patients with compensated cirrhosis 

and is recommended in patients with decompensated cirrhosis. Efficacy rates of 97%-

100% were reported in clinical trials 137-139. Neither of these treatment combinations are 

currently approved for use in Ireland.  

 

2.9 Cost of Hepatitis C Treatment 

The cost of treating HCV infection is substantial and continues to rise. PR was the 

standard of care for a decade. During this period, Stahmeyer et al and Solomon et al 

estimated that the direct medical costs of treatment were between €19,000 and 

€25,500 ($28,500) 140, 141.  Despite enhanced SVR rates, which correlate to cure, 

protease inhibitor regimens were associated with significant additional costs 142. 

 

 In Ireland, the drug acquisition costs for TPV/PR were between €36,000 and €48,000 

depending on the treatment duration while the costs for BOC/PR were between 

€31,000 and €57,000. For both TPV/PR and BOC/PR, budget impact analysis 

indicated an expenditure of approximately €1.1 million, respectively, in year one. Over 

a five year period, the estimated expenditure was €5.2 million and €6.5 million, for 

TPV/PR and BOC/PR, respectively 143, 144.  
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While the new second generation, IFN-free combination DAA agents are considered to 

be more efficacious with SVR rates >90%, they are also accompanied by a significant 

increase in the cost of the treatment regimen 145. The drug acquisition costs of these 

agents are considerable. A 12-week supply of SOF/LDV is approximately €46,000, 

increasing to €96,000 should 24-weeks of treatment be required 146. The budget impact 

in Ireland is difficult to predict. While it is estimated that between 6,000-8,000 patients 

with HCV infection are engaged in care and remain untreated, the number of patients 

that will be treated over the next 5 years depends on capacity, budget availability and 

the outcomes from increased screening programmes. In an era of ever-increasing drug 

costs within a fixed budget, health technology assessments (HTA) are requiring input 

data from various sources, including robust real world data, to estimate the cost and 

consequences of HCV treatment and enhance reimbursement decisions 8.  

 

In recent years, several new DAAs have become available to treat HCV infection and 

have undergone economic assessment in Ireland, as in other healthcare jurisdictions.  

For these assessments, input data from various sources were used to estimate the 

costs and consequences of HCV treatment, as data from Ireland was not available. 

Like other healthcare systems worldwide, there are significant concerns about the 

potential budget impact of these agents, given the burden of HCV disease and the high 

acquisition cost of the new therapies 82.  

 

2.10 Health Economic Assessment in Ireland 

Health economic assessment has been defined as “the comparative analysis of 

alternative courses of action in terms of both their costs and consequences” 147. It 

involves the identification, measurement, valuation and comparison of costs and 

consequences associated with a particular health investment decision where there are 

competing options. There are different types of health economic analysis undertaken, 
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which are differentiated largely by the differences in the way they value outcomes 147, 

148. 

 

 The preferred method of health economic assessment in Ireland is cost-utility analysis 

149. Cost utility analysis typically values the consequences of a health intervention using 

a metric that combines the quantity of life with the health-related quality of life (HRQoL) 

generated by the intervention. The most widely used unit is the quality-adjusted life 

year (QALY), which allows comparison of outcomes across different technologies.  

 

When it comes to modelling outcomes in cost-utility analysis, decision trees and 

Markov models are two types of economic models. The decision tree is the simplest 

form where outcomes of treatments are compared against each other over a single 

defined period of time and the costs and consequences of individual strategies are 

calculated for the intervention. For modelling a chronic disease with multiple 

consequences over long periods, a Markov model is more appropriate. This model is 

run in cycles with patients transitioning from mutually exclusive health state to health 

state in accordance with typical disease progression 148, 149. Hybrid models combine an 

initial decision tree structure examining different treatment strategies with a Markov 

model, which examines patient costs and outcomes over the longer term.  

 

The evidence base informing economic evaluations is rarely derived from a single 

source 150. More commonly, the evidence base informing the model parameters is 

represented by many data sources including individual patient-level data, RCTs, 

observational studies, expert opinion and secondary data analyses 151. For economic 

models to be useful decision aids, it is important the inputs are appropriately selected 
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to ensure model validity. Real world data from well-designed studies can be valuable 

for informatively evaluating the cost-effectiveness of competing treatments.  

 

Results of economic analyses are generally plotted using the cost-effectiveness plane. 

This compares incremental costs on the Y-axis to incremental effectiveness on the X-

axis (Figure 10).  

 

Sourced from HIQA Guidelines for Economic Evaluations 149 

 

The quadrants are labelled 1-4. Most new technologies fall into Q1 i.e. they usually 

have an effectiveness gain with a corresponding increase in price. Technologies that 

are plotted in Q4 cost more and are less effective then the current standard of care and 

would generally be excluded from consideration. Occasionally new technologies cost 

less and are more effective (Q2) or they are less effective but cost less (Q3). 

Technologies in Q2 are always considered cost-effective and those in Q3 may be 

worth considering in the setting of budget constraints 147, 149, 152.  

 

Figure 10: Cost-effectiveness plane 
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The results of a cost-utility analysis are presented as an incremental cost-effectiveness 

ratio (ICER). This describes how much additional benefit is achieved for the additional 

cost incurred. The ICER for two technologies A and B is calculated as follows: 

ICER = (Cost of A – Cost of B)/(Effects of A – Effects of B) 

The cost-effectiveness plane can also be used to display the willingness to pay (WTP) 

threshold. This is the threshold ICER below which technology would always be 

reimbursed 147, 153. Since 2012 in Ireland, this has been set at an ICER of 

€45,000/QALY. However, not all technologies that have ICERs below this threshold are 

automatically reimbursed and some technologies with ICERs above this threshold have 

been reimbursed when it was felt that it was warranted because of their innovative 

nature or the clinical need they address 154-156.   

 

2.11 Treatment in the Irish Setting 

Following HTAs conducted by the National Centre for Pharmacoeconomics (NCPE), 

TPV/PR and BOC/PR regimens were approved for use in Ireland in 2012. Given the 

significant side effect profile of these treatment combinations, suitable patients were 

carefully selected for treatment by physicians. As a result of the findings from a study 

by Hezode et al, many patients with advanced cirrhosis were withheld from treatment 

157. This study reported that, in cirrhotic patients exposed to protease inhibitor triple 

therapy regimens (e.g. TPV/PR or BOC/PR), albumin levels <35 g/L and platelet count 

≤100,000m3 were independent predictors of death or severe complications.  

 

In late 2014, the Irish healthcare provider granted early access to the IFN-free 

regimens before the Health Service Executive (HSE), the payer, in Ireland, made the 

final recommendations around cost-effectiveness and reimbursement. Given that the 

cost of these drugs created a significant burden on the healthcare system, a phased 
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treatment strategy was required to address the issue of affordability. The universal 

approach was aimed at prioritisation based on clinical need. The proposed clinical 

criteria were to focus on those patients with greatest clinical need and particularly 

those patients with a risk of death or irreversible damage within the next 12 months. 

The clinical criteria were based on international evidence and expertise 76, 158.  

 

In December 2014, the first IFN-free regimen, SOF/LDVRBV (for 12 weeks) became 

available in Ireland following authorisation of an early access program (EAP) by the 

HSE. Patients were eligible for treatment if they met at least one of the following 

criteria:  

 Evidence of present or previous decompensated cirrhosis defined as an 

episode of ascites, variceal bleeding, spontaneous bacterial peritonitis or 

hepatic encephalopathy. 

 Child Turcotte Pugh (CTP) Score ≥ 7 (CTP B or CTP C) 

 

By April 2015, three IFN-free regimens SOF/LDV±RBV, 3DRBV and SOF/DCVRBV 

were available in Ireland. At this stage, in addition to the above listed criteria, patients 

that demonstrated evidence of compensated cirrhosis (Child Pugh Score < 7 (CTP A)) 

were also eligible for treatment.  

 

By June 2016, availability of treatment had been extended to patients who contracted 

HCV directly or indirectly through the administration, within the State, of the anti-D 

immune globulin or another blood product or blood transfusion. Additionally, this phase 

also included patients who have undergone orthotopic liver transplant. Patients were 

not required to demonstrate evidence of cirrhosis.  
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This phased treatment program is intended to provide drug treatment to those with 

greatest clinical need as a priority, treating as many patients as possible within a fixed 

budget. It is proposed that this approach will impact on the prevalence of HCV over a 

decade and will ensure more HCV-infected patients will be treated sooner.  
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Chapter 3 Observational Research 

Studies of observational design are used to measure the effectiveness of an 

intervention in non-experimental, real world scenarios at the population level 159. 

Although not perceived as the gold standard, observational studies can play an integral 

role in evaluating the treatment effect. The evidence from these studies can 

complement clinical trials. If evidence generated by clinical trials and observational 

studies is consistent, the additional real world evidence would be expected to reduce 

uncertainty surrounding relative treatment effects and aid decision-making 160. Despite 

their methodological challenges, observational studies can play an important role in 

strengthening the existing evidence base 161. 

 

3.1 Randomised Controlled Trials 

The RCT is a trial in which subjects are randomly assigned to one of two groups: one 

(the experimental group) receive the intervention that is being tested, and the other 

(the comparison or control group), receive an alternative (conventional/placebo) 

treatment 162. RCTs have been considered the gold standard in the hierarchy of 

research designs and indispensible tools for evaluating the efficacy and safety of 

treatment interventions before their launch 11-13. However, their results have limited 

applicability to patients in clinical settings 163, 164. The great strength of RCTs is that the 

allocation of treatment is random so that the groups being compared are similar in 

baseline factors. This ensures a secure method of attributing causality in observed 

associations between treatments and beneficial outcomes 11, 12, 165. Clinical trials tend to 

use precise clinical endpoints and employ strict inclusion and exclusion criteria, in 

order to eliminate factors that might confound or obscure treatment effects. Additional 

strengths and limitations of RCTs are outlined in Table 3.  
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Table 3: Strengths and limitations of randomised controlled trials 11-13, 163, 164   

Strengths Limitations 

Well-defined study population Excludes many patients requiring clinical treatment 

Design maximises internal validity Outcomes are difficult to extrapolate to a more general 
patient population 

Tightly controlled treatment conditions Short duration and small sample sizes limit ability to 
identify rare or long-term adverse events 

Compliance maximised through strict protocols   

 

Validity refers to a lack of systematic error. Internal validity implies that the differences 

observed between groups of patients allocated to different interventions may, apart 

from random error, be attributed to the treatment under investigation. In contrast, 

external validity, or generalisability, is the extent to which the results of a study provide 

a correct basis for generalisations to other circumstances 166. Internal validity is a 

prerequisite for external validity 167. That is, the study must demonstrate that the 

“exposure” in the study is the cause of variation in the outcome before one can 

generalise that the exposure more universally causes the outcome. Introduction of bias 

undermines the internal validity of research 168. 

 

3.2 Observational Studies 

Observational research involves the direct observation of individuals in their natural 

setting 167. It is becoming increasingly recognised as an important component of the 

evidence pyramid 14. The use of observational research is vital in building the evidence 

base, identifying the best practices and understanding disparities in access to, and 

delivery of, healthcare 167. They should not be used to replace RCTs but can be very 

useful in complementing the results of such trials. Observational studies use real world 

populations comprising even the most complex patients, delivering results to clinicians, 

decision-makers and patients, about which interventions are most effective in specific 

subpopulations 169. Observational studies have provided information about important 

clinical questions that would never be addressed by a RCT and they identify gaps in 

care after RCTs have been published 170. Observational data can provide valuable 
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information regarding the effectiveness and appropriate use of agents in the real world, 

outside of clinical trials 15. Studies can demonstrate whether clinical trial results hold 

true in clinical practice. Data can also extend support for the use of a treatment in a 

patient population not included in the original clinical trial 11. Properly conducted 

observational studies, like RCTs, are important for modifying clinical practice by 

reducing uncertainty 171. Furthermore, they can identify findings that warrant further 

investigation in controlled trials. Observational studies are an underappreciated but 

valuable source of data, and these data are essential for making sound decisions 

regarding coverage and reimbursement 15.  

 

Observational studies should collect data rigorously and systematically 172. They can 

often incorporate a large and diverse patient population, and be completed at a lower 

cost than RCTs 11, 173-175. Additionally, this type of study does not involve any 

investigator intervention and is not considered to be obtrusive to the population under 

investigation 176. Further advantages and limitations of observational studies are 

presented in Table 4.   

 

Table 4: Strengths and limitations of observational study methodology 11-13, 164 

Strength Limitations 

Real world, clinical populations Non-randomised nature: Selection bias, leading to 
problems in determining causality 

Large diversity of patients and practices Available data limited to variables in the data source 

Longer observation periods Possible under-reporting or incorrect coding 

Can capture data on persistence and compliance with 
treatment 

Potential for confounding variables (i.e. inability to control 
for all other factors that may vary between two groups) 

Identification of infrequent, long-term adverse events  

Lower costs than randomised controlled trials   

Numerous outcomes can be studied  

Suited to long-term follow-up, sometimes over decades or 
more 

 

Less affected by ethical considerations than RCTs if only 
using data that have already been collected in routine 
clinical practice 
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The major challenge associated with observational research is validity, both internal 

and external. Internal validity remains the most contentious issue and the major 

weakness of observational studies, which refers to the possibility that selection bias, 

information bias or confounding bias will influence the results of the study 172, 177, 178.  

 

3.2.1 Bias in Observational Research 

Selection bias, information bias and confounding bias are present to some degree in all 

observational research 161, 162, 178. The challenge for those interpreting study results is to 

identify these sources of potential bias and determine how they may have affected 

results.  

 

3.2.1.1 Selection Bias 

Selection bias occurs when the selected study participants are systematically different 

in characteristics from eligible participants who are not selected for the study. 

Additionally, when the exposed and unexposed groups are different in important 

outcome predictors, the results might be biased 168, 179-182. It can occur as a natural 

consequence of the study design or during the implementation of a research protocol 

183. Selection bias may lead to confounding bias. 

 

3.2.1.2 Confounding Bias 

Confounding bias can be defined as a systematic error that occurs as a result of the 

influence of one or more risk factors for an outcome of interest, leading to a distortion 

of the true measure of association 184. It occurs when the distribution of risk factors that 

leads to an over-estimation or under-estimation of the true effect is unbalanced across 

comparison groups. The association of these risk factors with both the intervention and 

the outcome can lead to type I errors, in which the outcome of the intervention are 

falsely attributed to the intervention rather than the confounding variable. Alternatively, 
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confounding can lead to type II errors, in which the study incorrectly concludes that 

there is no treatment effect 179. A factor can be a confounder (L, measured; U, 

unmeasured) only if that factor is associated with drug treatment (T) and is also an 

independent risk factor for the study outcome (Y) (Figure 11).  

 
Y, L, U and T, respectively denote the outcome, a set of measured confounders, a set of unmeasured confounders and 
the treatment. 
Sourced from Quartey et al 184 

 

Confounding is particularly problematic in observational research because the 

investigator does not actively take part in the allocation of exposure (e.g. through 

randomisation) but simply observes how they were distributed. While RCTs allow for 

the balancing of confounders during the design stage, observational studies require 

adjustment for confounders at the analysis stage 185. A number of approaches have 

been developed to reduce or eliminate the issue of confounding.  

 

3.2.1.3 Information Bias 

Information bias refers to systematic errors in the measurement of the exposure or 

outcome 182. It results from wrong or inexact recording of individual factors, either risk 

factors or diseases being studied 186. Detection bias, observer/interviewer bias, recall 

bias and reporting bias are the most common types of information bias. Detection bias 

refers to systematic differences between study groups in how outcomes are 

determined. Observer/interviewer bias can occur if those responsible for assessing or 

recording outcomes know which patients are allocated to each of the study groups, 

Figure 11: Causal diagram demonstrating the mechanics of confounding 
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and, consciously or unconsciously, record the outcomes for the patients receiving the 

intervention under investigation in a more favourable way than those receiving the 

comparator. Recall bias is a systematic error caused by differences in the accuracy or 

completeness of recollections retrieved from study participants regarding events or 

past experiences and reporting bias refers to participants providing responses in the 

direction they perceive are of interest 186-188.  Blinding and concealment are methods 

used in RCTs to eliminate/reduce these biases.  

 

The potential for bias in observational research is higher than in RCTs. Observational 

research does not have the benefit of randomisation to allocate, by chance, the risk 

factors for an outcome of interest. A number of design and analysis features will be 

discussed later in this chapter that can address these concerns although they cannot 

completely eliminate them 173, 189. 

 

3.2.2 Types of Observational Research Methods 

There are a number of different methods for undertaking observational research. 

Studies can be classified as cohort, case-control or cross-sectional 190. Epidemiological 

studies analyse patterns, causes and effects of health and disease conditions in 

defined populations whereas pharmacoepidemiology is the study of the uses and 

effects of drugs in well defined populations.  

 

3.2.2.1 Cohort Studies 

The cohort study is the closest in design to a clinical trial 191. They are extremely 

relevant for scientific discovery, informing the design of RCTs and assessing 

effectiveness in clinical practice. Cohort studies are considered the most reliable form 

of observational study and are important when the use of RCTs may be unethical 191. In 
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a prospective cohort study, subjects who do not have the outcome of interest are 

recruited to participate. The subjects are observed over a period of time to determine 

whether they develop the outcome of interest 177. In a retrospective study, data that has 

already been collected for other purposes is used. Cohort studies are the best method 

of ascertaining both the incidence and natural history of disease 192. Additionally, a 

single study can be used to examine various outcome variables and is also useful, but 

not optimum, in the study of rare exposures 190. Pharmacoepidemiological studies, 

another form of cohort study, are concerned with estimating the efficacy, effectiveness 

and safety of therapeutic interventions 193. The main disadvantages of cohort studies 

are the requirement for large sample sizes and the potentially long follow-up period, 

leading to increased costs. Loss to follow-up can also be problematic, particularly in 

those with long follow-up periods. A patient not experiencing the outcome may be more 

likely to be lost to follow-up than a patient experiencing the outcome, which can bias 

the study results 167, 192. As with all observational studies, cohort studies are subject to 

various types of bias.  

 

3.2.2.2 Cross-Sectional Studies 

A cross-sectional study is an observational study in which the exposure and the 

outcome are determined at the same time point for each study participant and are 

primarily used to study prevalence 167. Prevalence describes the number of cases in a 

population at a given time point 177. Researchers aim to obtain a representative sample 

by taking a cross-section of the population 194. All measurements for a single member 

are obtained at a single point in time. These studies are also used to infer causation. 

They are useful for examining the burden of disease and for health service planning 167. 

They are generally quick, easy and cheap to perform and there is no loss to follow up, 

since participants are interviewed only once. However, this type of study is prone to a 

number of types of biases. Selection bias may occur if the study participants are 
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systemically different in their characteristics compared with eligible participants who 

were not selected for the study 167, 195. A common type of selection bias is non-

response bias, where participants who consent to take part in the study differ from 

those who do not, resulting in a sample that is not representative of the population. 

Since information on exposure and outcome are recorded simultaneously, prior 

knowledge of the condition might influence ascertainment of the exposure or the 

outcome, therefore, both recall and detection bias are likely 196. Finally, confounding is 

also an important issue. Confounding occurs when the exposed and unexposed groups 

are different in some way that is also related to the outcome 185.  

 

3.2.2.3 Case-Control Studies 

Case-control studies are usually retrospective.  A group of subjects with the outcome of 

interest are identified and matched to a control group without the outcome of interest 

177.  The research retrospectively determines which subjects were exposed to the agent 

or treatment, or determines the prevalence of a variable in each of the study groups 177. 

Case-control studies are well suited to investigate rare outcomes or outcomes with a 

long latency period because subjects are selected from the outset by their outcome 

status. They are relatively easy and inexpensive to conduct compared with cohort 

studies and loss to follow-up is not an issue 190, 191.  The familiar issues of bias and 

confounding are common problems with case-control studies. While suitable for the 

study of rare diseases, they are not suitable for the study of rare exposures due to 

difficulties recruiting the required sample size 197.  

 

3.2.3 Methods for Dealing with the Limitations of Observational Studies 

There are many design and analysis features that can address the limitations of 

observational research although they cannot completely eliminate them 173. A number 

of approaches have been developed to reduce the issue of confounding. These 
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include, but are not limited to, method matching (in case control studies), stratification 

of known confounding factors, direct adjustment when the relationship between the 

response, exposure and confounders is well established and multivariable regression 

analysis. More advanced techniques include the use of propensity scoring, 

instrumental variable methods, sample selection models and marginal structural 

models 184, 185. 

 

3.2.3.1 Regression Analysis 

Regression analysis is one of the most commonly used analytical techniques to control 

for confounding. It is based on modelling the mathematical relationships between two 

or more variables that give an approximate description of the observed data. After 

initially examining the relationship between the exposure of interest and the outcome 

(giving a “crude” or “unadjusted” result), variables that are known confounders are then 

added to the model to provide an effect that is “adjusted” for these known confounders 

185. Multiple logistic regression is commonly used in observational research to assess 

the relationship between certain exposures or treatments and a binary outcome while 

controlling for confounding and effect modifiers 198. This analysis allows for the 

association between dependent and independent variables to be estimated while 

controlling for the influence of other independent variables 199. Multivariable regression 

allows for models that include many confounders. The problem with such a method is 

that many factors may lead to the loss of power. Moreover, if the confounder is 

unknown or unmeasured, then this method is useless.  

 

3.2.3.2 Propensity Score Analysis 

Conventional multivariable analysis may not always be the ideal method for estimating 

treatment effects in observational studies. When there are large differences in the 

distribution of covariates between treatment groups, adjusting for these differences 
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with conventional multivariable techniques may not adequately balance the groups, 

and the remaining bias may limit valid causal inferences 198. Propensity score (PS) 

analysis, which will be applied in this thesis, is another approach that is used with 

increasing frequency to account for confounding 200, 201. It is a type of statistical method 

developed for estimating treatment effects with non-experimental or observational data 

202. While it is by no means conceived as the best alternative to randomised 

experiments, there is a consensus among prominent researchers that the PS approach 

has reached a mature level and that it is a tool that has much to offer researchers. It 

may adjust covariates between the two groups and reduce bias better than 

conventional multivariable modelling.  

 

This method involves the generation of a score that summarises the confounding by 

multiple variables. The PS has been described as a conditional probability, between 0 

and 1, that a subject will be treated based on an observed group of covariates. The 

collection of confounding covariates is collapsed into one score or propensity to have 

received one treatment over the other, based on a larger collection of covariates 

available in the dataset 198. The PS is known as a balancing score: conditional on the 

PS, the distribution of measured baseline covariates is similar between treated and 

untreated subjects. Thus, in a set of subjects all of whom have the same propensity 

score, the distribution of observed baseline covariates will be the same between the 

treated and untreated subjects 203. When patients in one treatment group differ 

systematically from those in other treatment groups, minimising the bias through the 

use of a PS can make direct comparisons more meaningful 198, 199. In practice, the PS 

is often estimated using a logistic regression model, in which treatment status (i.e. 

untreated or treated) is regressed on observed baseline characteristics. The estimated 

PS is the predicted probability of treatment derived from the fitted regression model. 

Four methods of using the PS have been described in the literature:  propensity score 
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matching, stratification (also known as subclassfication), inverse probability of 

treatment weighting (IPTW) and covariate adjustment using the PS 202-204.  

 

PS matching entails forming matched sets of treated and untreated subjects with 

similar values of the propensity score. Although there are different approaches to 

matching, the most common approach in the medical literature is nearest neighbour 

matching without replacement within a specified caliper limit of the PS, and we will use 

this methodology in this thesis 201, 204-206. Using this approach, pairs of treated and 

untreated subjects are formed such that the PS of the matched subjects lies within a 

specified distance of one another (the caliper width). Naïve matching is also possible, 

where no limit is placed on the caliper width. All treated subjects are matched to 

untreated subjects until every subject has been matched. This method assumes that 

within the matched sample, treated and untreated subjects have similar distributions of 

baseline covariates.  

 

Stratification on the PS involves comparing outcomes between treated and untreated 

subjects within strata 204, 205. The most common approach is to use five approximately 

equal sized strata defined by the quintiles of the PS. Rosenbaum and Ruben 

demonstrated that stratifying on the quintiles of the estimated PS eliminates 

approximately 90% of the bias due to measured confounders 207. Treated and 

untreated subjects are compared within each stratum. This method assumes that 

within each stratum, treated and untreated subjects have a similar distribution of 

baseline covariates 204, 205. 

 

With inverse probability of treatment weighting, weights, which are based on the 

propensity score, are used to ensure that the distribution of measured baseline 
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covariates is the same in treated and untreated subjects. The distribution of covariates 

is changed in both the treated and untreated subjects so that they are the same as the 

distribution in the entire sample 203. 

 

The final method of propensity score analysis is covariate adjustment. In this method, 

the outcome variable, which for this research would be ‘SVR achieved’ or ‘SVR not 

achieved’, is regressed on a dummy variable denoting treatment status, with or without 

other covariates and the estimated propensity score. When the outcome is binary, a 

logistic regression model is used. The effect of treatment is determined using the 

estimated regression coefficient from the fitted regression model 203, 204.  

  

Each method of propensity score analysis has advantages and disadvantages 208. PSM 

is the superior method for reducing bias. Additionally, it is a transparent and easy-to-

follow method and, similar to a RCT, the outcomes between treated and controlled 

participants in PSM can be directly compared. PSM is also considered to be the most 

robust method to misspecification of the propensity score model (e.g. excluding a 

covariate or including too many covariates). However, the exclusion of unmatched 

treated participants (and possibly unmated controls) can decrease the precision of the 

estimates 203, 209, 210. The major advantage of PS stratification is that it includes all 

available study subjects and therefore, increases the precision of the estimates and is, 

again, robust to misspecification. The main disadvantage of this method is that, despite 

the fact that the division of the propensity scores into five strata has been shown to 

eliminate 90% of the bias from measured confounders, stratification reduces bias less 

than other methods 203, 209, 211, 212. As in PS stratification, covariate adjustment uses all 

included study subjects. However, this technique is not considered ideal for several 

reasons. The model produces odds ratios and hazard ratios but does not allow 

estimate of absolute treatment effects such as risk difference and numbers needed to 
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treat and has been show to produce more biased estimates of these ratios. 

Additionally, the assessment of balance in baseline covariates between treatment 

groups is more cumbersome than other methods 203, 212-214. And finally, while IPTW 

reduces bias more than stratification and covariate adjustment, misspecifcation in the 

propensity-score model may have a substantial impact on the weights applied and 

therefore, can become unstable 203, 209, 211, 212.  

 

The large number of covariates in our data that were required to be included in the 

propensity-score model, the recognised robustness of PSM, the fact that PS 

stratification allowed for all data to be included in the analysis and given that both of 

these methods are the most commonly reported methods in published literature 

resulted in the application of these two methods in our observational dataset 215-217.  

 

Covariates were selected for inclusion following a review of the literature and 

consultation with clinicians 218-222. Prior knowledge of covariates that impact the 

outcome is important. Only covariates that simultaneously influence the treatment 

assignment and the outcome should be included. There is debate over the impact of 

including too few or too many variables in the estimation of the PS with some 

suggesting that it may impact the variance around the outcomes but there is universal 

agreement that the choice of variables should be based on previous findings and 

expert advice 223, 224.  

 

For each method, the relative balance in measured baseline covariates is compared 

using the standardised difference 204. The standardised difference compares the mean 

of continuous and binary variables between treatment groups 203. The advantage of 

using the standardised difference is that, unlike significance testing, it is not affected by 
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sample size. To assess the balance in covariates after PS matching, the balance in 

measured baseline covariates between treated and untreated subjects within the PS 

matched sample were compared for all three approaches using standardised 

differences. For stratification, within-strata standardised differences are computed to 

compare the distribution of baseline covariates between treated and untreated subjects 

within the same PS stratum. The mean standardised difference is then determined 

across the strata 204. Although there is no universal criterion as to what threshold of 

standardised difference can be used to indicate important imbalance, a standardised 

difference that is less than 0.1 has been taken to indicate a negligible difference in the 

mean of a covariate between treated and untreated subjects 203. 

 

3.2.3.3 Multiple Imputation 

Missing data are unavoidable in clinical research 225. Missing data refers to unrecorded 

values, which, if recorded, would be meaningful for the analysis and interpretation of a 

study 226, 227. It can pose a threat to the validity of observational outcome analysis 228. 

The intent of any analysis is to make valid inferences from the data, and therefore, 

meaningful assessment of patients’ outcomes in observational studies requires a 

reliable and accurate measure of the outcome itself.  

 

Researchers have often addressed missing data by including only complete cases in 

the analysis – those individuals who have no missing data in any of the variables 

required for the analysis. However, this often leads to the exclusion of a substantial 

proportion of the original sample, which in turn causes bias, loss of precision and 

power 225. The risk of bias due to missing data depends on the reasons why data are 

missing. 
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3.2.3.4 Dealing with Missing Data 

Given that nearly all statistical methods presume complete information for all variables 

included in the analysis, it is essential that appropriate methods are employed to deal 

with missing data 229. It is possible to distinguish between two patterns of missingness. 

Data is missing monotone if a pattern is observed among the missing values. Data is 

missing arbitrarily if there is no way to order the variables to observe a clear pattern 

(Figure 12). 

 

Sourced by Soley-Bari 229 

 

Statistical imputation techniques should be used to estimate or approximate missing 

data by modelling the characteristics of cases within missing data to those who have 

such data. There are several methods to deal with missing data, including ad hoc 

methods such as case-finding, case deletion, mean substitution and more principle 

methods such as maximum-likelihood methods, multiple imputation (MI) and others. 

When it is plausible that data are missing arbitrarily, analysis based on complete cases 

may be biased. Such biases can be overcome using methods such as MI that allow 

individuals with incomplete data to be included in the analysis 230. In this thesis, we will 

employ the MI methodology to deal with missing data, where appropriate. 

 

Figure 12: Patterns of missingness 
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The goal of MI is to provide valid inference in scenarios in which the data is incomplete 

and when reasons for missing values are not known. One of the basic objectives of MI 

is to enable the inclusion of complete-data in the analysis 230. MI is a general method 

that incorporates the uncertainty into the imputation process. MI is comprised of three 

stages: imputation stage, in which missing data are imputed; analysis stage, in which 

each complete dataset is analysed using complete-data technique; and the last stage, 

in which the results from the analysis are combined in order to yield a final result that 

combines the uncertainty in the data and the uncertainty due to missing values. During 

the imputation stage, imputed values are drawn from a distribution, and therefore 

inherently contain some variation. Thus it solves the limitations of single imputation by 

introducing an additional form of error based on variation in the parameter estimates 

across the imputation. It replaces each missing value with two or more acceptable 

values, representing a distribution of possibilities 225.  

 

The advantages of this method are 231-233: 

 It produces unbiased estimates of standard error and thus ultimately helps to 

preserve original available data distribution, providing more validity than ad hoc 

approaches to missing data. 

 It uses all available data, preserving sample size and statistical power.  

 It introduces random variation, which enhances the possibility to have unbiased 

estimates of all parameters. 

 The results are readily interpretable. 

 It is suitable for dealing with data missing arbitrarily. 

 

3.3 Registries 

Real world data can be accrued through prospective cohort studies and a registry is an 

established method for this type of study. A registry is a form of cohort study that 
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follows a large population of patients recruited with a specific disease and are used 

extensively to study the natural history of a condition, the predictors of key outcomes 

and effectiveness of treatments 234. The basic description of a registry is an 

observational, non-experimental database designed to reflect current patterns of 

practice without influencing the treatment or intervention being described 9. A treatment 

registry is designed to collect all cases of a particular disease or condition treated with 

a specified intervention or therapeutic class of drugs. The Agency for Healthcare 

Research and Quality defines a patient registry as ‘an organized system that uses 

observational study methods to collect uniform data (clinical or other) to evaluate 

specified outcomes for a population defined by a particular disease, condition, or 

exposure, and that serves one or more predetermined scientific, clinical or policy 

purposes’ 226. A patient registry can be a powerful tool to observe the course of 

disease, to understand variations in treatment and outcomes, to examine factors that 

influence prognosis and quality of life, to describe care patterns including 

appropriateness of care and disparities in the delivery of care, to assess effectiveness, 

to monitor safety and harm and to measure quality of life 226.   

 

The potential for registries to collect real world data is considerable. A registry can 

address clinical questions on effectiveness, safety and compliance, information on 

disease and/or treatment-specific changes in qualify of life, and address regional and 

national variations in treatment patterns 9. Registry studies are often referred to as real 

world studies, to distinguish them from clinical trials 235. Many observational databases 

worldwide, most of which are electronic, were borne out of business process needs 

(e.g. claims databases); however, provider-led databases focusing on a specific 

disease and/or patient population have emerged 236. Database sources for 

observational studies that currently exist are heterogeneous in terms of the type of 

patient populations followed, data elements collected, geography and funding 
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mechanisms. Claims databases have the advantage of being large and capturing 

almost every interaction within the healthcare delivery system. However, because 

these data are used for claims and billing purposes, they lack detailed and complete 

clinical information. In addition, these databases make it difficult to differentiate 

between comorbid conditions and complications of care and they may only capture 

specific geographic markets or represent a subpopulation. On the other hand, clinical 

databases, although smaller, have the advantage of containing more detailed clinical 

data. However, their accuracy and completeness are dependent on the individual 

responsible for data entry 236. In general, databases are only as useful as the quality of 

the information that is collected, where the adage “bad data in, bad data out” applies. 

The quality of the data and completeness can vary dependent on the source of data 

and assurance measures implemented. Missing, incorrectly coded and incomplete data 

can be problematic when developing an analytic dataset and the results are only valid 

if these problems are limited.   

 

The importance of registries is increasingly recognised as they are used more 

frequently to fill important gaps in evidence and contribute to understanding how trial 

results can be applied in practice 235. Data from registries are also used to support 

timely decisions by regulatory agencies about safety. Information regarding patient 

characteristics, comorbidities, risk factors, treatment patterns and outcomes can be 

assessed. Observational registry data can be synergistic with RCTs for effectiveness 

evidence development 237. Alternatively, these data can be used to confirm the 

generalisability of RCT findings among a broader spectrum of patients and providers. 

Beyond consideration of therapeutic effectiveness and safety, registry data can also be 

used to assess the incremental healthcare costs associated with one treatment versus 

its comparator and can provide a broader and more accurate measure of true costs of 

treatment in real world practice 15, 236. 
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Registries, claims-type databases and provider-led databases, offer the opportunity to 

provide insights into the outcomes and costs of existing and even new therapies by 

leveraging observational databases to inform decision-making. These registry datasets 

can address the effectiveness of therapies as they are used in practice, providing 

valuable insights into real world safety and costs 236.  

 

3.3.1 Classification of Patient Registries 

The breadth of studies that can be included as patient registries is large. Patients 

included in a registry, are typically selected based on a particular disease, risk factor or 

exposure.  Three general categories account for the majority of registries developed for 

evaluating patient outcomes. These include observational studies in which the patient 

has an exposure to a product or service, has a particular disease or risk factor or 

various combinations thereof 226. 

 

3.3.1.1 Product Registries 

In this type of registry, the patient is exposed to a healthcare product, a drug or a 

medical device. Exposure may be brief (i.e. single dose) or may be for long-term use. 

They provide a mechanism for monitoring the long-term safety and effectiveness in the 

‘natural environment’ 238. 

3.3.1.2 Disease Registries 

A disease registry is a patient registry that tracks outcomes in a population of patients 

who have the same diagnosis (e.g. HCV infection) or who have undergone the same 

medical procedures. They can be used to estimate disease prevalence and incidence, 

to estimate healthcare resource utilisation and clinical outcomes and to track changes 

in these parameters over time 239. They may also serve as data sources for conducting 

comparisons in healthcare utilisation and outcomes from different categories of 

patients, for example, according to ethnicity, gender, age or geographic areas. They 
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allow for estimations of the demand for health services and may serve as sampling 

frames for selecting patients who fulfil specific study eligibility criteria. The use of 

disease registries is particularly beneficial for diseases affecting very small populations 

and for looking at specific populations, such as children 240. 

 

3.4 Evidence Synthesis 

Evidence based medicine (EBM) is the conscientious, explicit, and judicious use of 

current best evidence in making decisions about the care of individual patients 241. 

Clinical decisions should be based on the totality of available evidence, rather than 

based on the results of any individual study or trial 242. It is not restricted to randomised 

trials and meta-analyses; it is the finding of evidence and using that evidence to make 

clinical decisions. A cornerstone of EBM is the hierarchical system of classifying 

evidence. This hierarchy is known as the levels of evidence 165. In the hierarchy of 

research designs, the results of RCTs are considered to be evidence of the highest 

grade, whereas observational studies are viewed as having less validity because they 

reportedly overestimate treatment effects 243 (Figure 13).  
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This pyramid appropriately represents the levels of evidence 
Sourced from Golden et al 244 

 

The debate surrounding evidence to support therapeutic use has become particularly 

apparent with the emergence, over the past thirty years, of hierarchies of evidence 12. 

This approach to evidence has not only been adopted by many in the EBM and HTA 

movements, but it has also come to dominate the development of clinical guidelines.  

 

Evidence synthesis aims to obtain a comparison, for purposes of efficacy and/or cost-

effectiveness, of a specific set of treatments in patients with pre-specified 

characteristics. This is the level at which reimbursement authorities now typically 

operate and in which clinicians are interested 245. Over the last two decades we have 

experienced the EBM revolution in how interventions are evaluated and administered. 

Central to this initiative is the use of systematic reviews, since it is accepted to be the 

highest level of evidence regarding effectiveness of interventions 246.  

 

Figure 13: Hierarchy of evidence  
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Decision-makers, HTA agencies and physicians now require a comprehensive range of 

well-designed studies, RCTs, single-arm trials, observational studies etc., to support 

prescribing and reimbursement decisions 11, 13. Decision-makers are required to assess 

and appraise all the available evidence irrespective of whether it has been derived from 

RCTs or observational research. A comprehensive evidence base is essential for 

making balanced judgements about the management of diseases. RCTs should, and 

will, remain a key part of clinical research. However, observational studies should 

serve as a complementary, not rival, technique in clinical practice. When combined, the 

data can provide a comprehensive evidence base for clinical decision-making 12, 13.  

Increasingly, governments and payers are using evidence-based reviews to inform 

medical decision-making, plan future research agendas, and establish clinical policy. 

Timely useful evidence from the biomedical literature should be an integral component 

of clinical decision-making 247, 248. 

 

At the top of the hierarchy of evidence is a systematic review (Figure 13), which also 

encompasses meta-analyses and network meta-analysis (NMA). A systematic review 

is “a review of a clearly formulated question that uses systematic and explicit methods 

to identify, select and critically appraise relevant research, and to collect and analyse 

data from studies that are included in the review. Statistical methods (meta-analysis) 

may or may not be used to analyse and summarise the results of the included studies” 

249. A rigorous review conducted according to the established guidelines can address 

important clinical questions that cannot be fully answered by RCTs alone, and can be a 

powerful tool in evidence synthesis 244. Systematic reviews of RCTs are considered the 

standard basis for evidence-based healthcare decision making for clinical treatment 

guidelines and reimbursement policies 250.  
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In the HCV landscape (and in many other disease areas), where a myriad of treatment 

options are available, there is often an absence of head-to-head RCTs. This prevents 

consensus as to which agent has the highest rates of treatment response. Thus, in the 

absence RCTs involving direct comparisons of all treatments of interest, mixed 

treatment comparisons (MTCs) and NMAs provide useful evidence for judiciously 

selecting the best choice or choices of treatment 250, 251, 252. These estimates of relative 

efficacy will be of use to decision-makers involved in cost-effectiveness assessments, 

and to clinicians when considered along with clinical parameters in the setting of 

individual patient treatment pathways 253.  

 

3.4.1 Meta-Analysis 

Meta-analysis is a statistical procedure that integrates the results of several 

independent studies considered to be ‘combinable’ 252, 254. It provides a potential 

solution to the problem of deciding between treatments that have not been directly 

compared 254-256. Direct comparisons involve a meta-analysis combining the results of 

multiple trials that all compare the treatment of interest to the same comparator 257. It 

involves the computation of summary statistics for each trial followed by the 

combination of these studies into a weighted average. Well-conducted meta-analyses 

allow a more objective appraisal of the evidence than traditional narrative reviews, 

providing a more precise estimate of a treatment effect 254.  

 

Traditional meta-analytical methods pertain to pairwise comparisons between two 

interventions, thus only partially providing evidence that patients, clinicians, and policy-

makers need in order to make informed decisions or public health recommendations 

regarding prevention, screening, diagnosis and treatment. Recent statistical advances 

have resulted in the development of methodologies that allow the estimation of efficacy 

metrics for all possible comparisons in a body of evidence, regardless of whether there 
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have been direct head-to-head comparisons in clinical trials. These methods are 

collectively known as NMAs or MTCs and they constitute some of the latest tools in 

evidence-based medicine for evaluating networks of interventions 258, 259. These 

methods are particularly useful in decision-making contexts 260. 

 

3.4.2 Network Meta-Analyses 

NMAs expand the scope of a traditional pair-wise meta-analysis by simultaneously 

analysing both direct comparisons of interventions within RCTs and indirect 

comparisons across trials based on a common comparator 261. NMAs can form the 

basis of models used by health economists for their cost-effective analysis, and 

therefore provide very useful information for clinical and reimbursement decision-

making in the absence of head-to-head data 252, 256. In their simplest form, they 

combine direct and indirect estimates of relative effect, where indirect evidence refers 

to evidence on treatment C relative to B obtained from A vs. B and A vs. C studies 262. 

NMAs produce an internally coherent set of estimates of the efficacy of any treatment, 

in the absence of head-to-head comparisons, in the network relative to any other 252, 263, 

264. Although direct comparisons top the hierarchy of evidence, when they are absent 

the approach of NMAs using indirect randomised data is the best tool for comparing 

treatments and making recommendations 264.  

 

The standard requirement for the conduct of NMAs is that the network of evidence 

must be connected. A connected network ensures that all treatments can be connected 

to one another by one or more paths 265. Due to recent developments in the treatment 

of HCV, there is currently an evidence base for NMAs that forms a disconnected 

network and has provided a significant challenge for estimating the relative treatment 

effect for HCV therapies in the absence of head-to-head trials. For more than a 

decade, PR was the standard of care for HCV GT1. With the approval of the first 
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generation DAAs, TPV/PR and BOC/PR, triple therapy using a DAA/PR combination 

became the recommended treatment and more recently, dual DAA combinations with 

or without RBV are recommended. In traditional NMAs, newly initiated RCTs would 

include either PR or a DAA/PR regimen as a common comparator to connect new 

regimens to the network. However, following recent FDA/EMA guidance, the efficacy of 

many DAA agents was assessed using open-label, single-agent studies with historical 

controls 266.  As a result, the NMA landscape for HCV GT1 is disconnected (Figure 14).  

 

 

 

 

 

 

 
Treatments D and E are not connected to the network of treatments A, B and C.   

 

More recently, alternative methods of combining data from different study designs 

(open-label, non-comparative studies and observational studies) into an NMA have 

been proposed 267. These methods differ in their flexibility to adjust for potential bias. 

One method, naïve pooling, does not differentiate between trial design and simply 

pools across all trials regardless of their design 267, 268. It is the simplest approach to 

combining studies of differing design and does not allow adjustments to be made for 

potential bias in study design or to downweigh studies of lesser quality. The 

hierarchical model is a three-level model and accounts for between study design 

heterogeneity 269. It introduces a study-type level that accounts for differing study 

designs. In this model, the treatment effect at each level is combined to give the overall 

treatment effect (Figure 15). 

Figure 14: Schematic diagram of a hypothetical disconnected network 
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Figure 15: Schematic representation of the three-level hierarchical model 
In this NMA, trials comparing drug A and placebo (P) are combined with trials comparing drug B and P. Evidence from 
different trial designs is colour marked: black refers to RCTs and white refers to observational trials. Evidence from trials 
of the same design is combined to study type level estimates. Study type estimates are then combined to obtain overall 
estimates (grey)  
Sourced from Schmitz et al 267 

 

The hierarchical model is the most flexible approach to including different forms of 

evidence. It allows for adjustment to be made for systematic bias and for the down-

weighting of different trial designs.  

 

There are two roles for the NMAs: one is to strengthen inference concerning the 

relative efficacy of two treatments, by including both ‘direct’ and ‘indirect’ comparisons. 

The other is to facilitate simultaneous inference regarding all treatments, in order to 

select the best treatment 270. They have great potential for estimating the comparative-

effectiveness of multiple treatments using an evidence base of trials that individually do 

not compare all treatment options. When connected networks of evidence are 

synthesised simultaneously, they provide estimates of the comparative effectiveness of 
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all included treatments and a ranking of their effectiveness with associated probability 

statements.  

 

Two advantages for considering all the evidence in the NMA model are 271 

 It allows the inclusion of all the evidence, which will reduce the uncertainty 

in the pooled estimate of interest 

 It allows us to formally check the consistency of the evidence  

 

Different methodologies have been described for NMAs; one such method uses 

Bayesian principles 251. A Bayesian approach to statistical inference has been referred 

to as “the explicit quantitative use of external evidence in the design, monitoring, 

analysis and interpretation of a healthcare evaluation” 10. Bayesian statisticians express 

their belief about the size of an effect by specifying some prior probability distribution 

before seeing the data, and then they update that belief by deriving a posterior 

probability distribution, taking the data into account 254. A Bayesian NMA model 

provides a powerful methodology to obtain estimates of relative treatment effect when 

head-to-head evidence is not available or insufficient 267.  

 

A major advantage of the Bayesian approach is that the method naturally leads into a 

framework that supports decision-making. Other advantages of a Bayesian meta-

analysis include the straightforward way of making predictions, and the possibility of 

incorporating different sources of uncertainty 252, 272. One disadvantage is that the 

computations required in the Bayesian models are very complex and the expression of 

prior beliefs in a form which can be included in analysis is a non-trivial task 255. 
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Most NMAs to date use the Bayesian WinBUGS software. While, for statisticians, it is 

the most straightforward method of combining the direct and indirect evidence, it is 

limited in functionality and accessibility to the non-statistician 261. Using Bayesian 

Markov Chain Monte Carlo methods it is possible to rank all treatments and produce a 

probability that any one treatment is the ‘best’. This is a powerful illustration of the 

ability of Bayesian statistical methods to make direct probability statements about 

quantities of central interest to a decision 10, 271.  

 

To conclude, systematic reviews, meta-analyses and NMAs, being at the intersection 

of clinical medicine, epidemiology, statistics and translational research, are key 

methodologies for the practice of EBM, and should include all available evidence, both 

RCTs, single-arm studies and observational studies 258. However, the quality of this 

evidence is a function of the quality of the primary studies available as well as the 

degree of rigor to which the systematic reviews have been performed. A poorly 

completed systematic review and meta-analysis or NMA may give rise to misleading 

results and conclusions when using methods and statistical approaches that may lack 

credibility 242.  

 

3.5 The Irish Hepatitis C Outcomes Research Network  

When new drugs receive their marketing authorisation, particularly those with high 

acquisition costs and with questions surrounding their affordability and budget impact, 

it is invaluable to prospectively collect information on treated patients in the clinical 

setting to allow assessment of the benefits and perhaps, the emergence, or incidence, 

of AEs that were not identified in clinical trials.  
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The introduction of the first generation protease inhibitors for use in combination with 

PR in 2012 represented a significant advance in the treatment of HCV GT1. However, 

these treatment regimens came with additional costs and side effects. The availability 

of these therapies represented an opportunity to maximise the stewardship of the 

therapeutic management of HCV in Ireland to ensure optimal clinical and economic 

outcomes from the use of new agents to the market. Thus, in 2012, the Irish Hepatitis 

C Outcomes Research Network (ICORN) was established. The goal of the 

collaboration was to optimise the quality of care of HCV-infected patients treated with 

DAA therapy. This included the design and implementation of treatment protocols and 

the establishment of a national treatment registry. ICORN is an interdisciplinary, 

interagency network comprising of hepatologists and infectious disease consultants, 

virologists, epidemiologists, patient representatives, pharmacists, nurses and health 

economists. All seven hospitals with centres of excellence in gastroenterology, 

hepatology or infectious disease treating patients with HCV infection are involved. 

Additionally, ICORN has developed partnerships with with the NCPE, HSE and the 

Department of Health (DoH).  

 

ICORN developed the protocol for a prospective, longitudinal, observational outcomes 

research study for patients with HCV treated with DAAs and additionally developed a 

national HCV registry, which commenced in June 2012. The registry represents a 

comparative effectiveness observational study aimed at collecting clinical and 

economic real world data for patients with HCV treated with DAA therapies to better 

establish their effectiveness and safety in the real world clinical environment. It 

assesses and records treatment outcomes using data from real life clinical practice. It 

was the first prospective clinical and economic outcomes registry to be developed with 

multidisciplinary involvement from clinicians and healthcare providers in Ireland.  
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3.5.1  Process of Development of the HCV registry 

A registry research protocol was developed using best-practice guidance on 

observational research studies 167, 226, 273, 274. The study design is an on-going, multi-

centred, prospective, longitudinal, observational outcomes research study. The aim of 

this research study is to: 

 Determine the effectiveness, safety and tolerability of HCV DAA therapy in 

the real world Irish setting 

 Compare the clinical trial outcome data with the real world effectiveness 

data 

 Assess the total costs associated with treating HCV patients with DAA 

therapy and consequently the budget impact 

 

Ethical approval was obtained from the St. James’ Hospital/Tallaght Research Ethics 

Committee. All patients eligible for inclusion in the HCV registry must sign a patient 

consent form prior to initiation of therapy. Consistent with data protection requirements, 

no identifiable patient information is entered into the registry database.  

 

Patients are eligible for inclusion in the registry if they meet the following criteria: 

 HCV treatment naïve patients 

 HCV treatment-experienced partial responders, relapsers (defined as 

undetectable HCV-RNA at the end of therapy but had subsequent detectable 

HCV RNA at, or after, 12 weeks follow up) and null-responders 

 Patients with and without the presence of cirrhosis 

 HCV/HIV co-infection 

 Adult patients ≥ 18 years 
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Patients are excluded from the registry if they meet any of the following criteria: 

 Pregnant and breast-feeding women 

 Children < 18 years 

 Alcohol dependent patients 

 

Clinicians or clinical nurse specialists (CNSs) in the seven centres of excellence recruit 

patients. Recruited patients are assigned a treatment registry number and anonymised 

data is entered into the database.  

 

3.5.2 Development of the Web-Based Platform for Patient Data Collation. 

The HCV registry is a web-based tool hosted on an electronic platform developed by 

the Dublin Centre for Clinical Research (DCCR) in conjunction with ICORN (Figure 16). 

It is a robust data management tool that supports the collation of patient level data. The 

platform is a protected and secure cloud-based system that conforms to all appropriate 

security considerations for clinical research. The tool is an integrated system for 

collecting, cleaning, storing, monitoring, reviewing and reporting of patient level data. A 

minimal dataset of patient variables was developed to translate the research questions 

into measurable outcomes. A process of consultation and piloting was undertaken to 

determine the final dataset and to build and adjust the web-based registry platform in 

order to maximise performance.  
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Figure 16: Screenshot of the HCV registry web-based platform 

 

The variables chosen for collection were determined by the outcomes of the study. 

Moderators of treatment outcomes were specifically targeted for inclusion 275, 276. This 

data was obtained from a literature review and clinician input. The need to ensure a 

minimal dataset was deemed a priority to avoid capturing data not required and to 

create a clean database for analysis 277. Consultation with a biostatistician was 

undertaken. The variables at baseline were divided into categorical and continuous 

variables and stratified into baseline characteristics, HCV-related data and laboratory 

data (Table 5). 
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Table 5: Sample of both categorical and continuous variables collected in the registry 

 Categorical Variables Continuous Variables 

Baseline demographic data Gender  Age 

 Smoking status  Weight 

 Past alcohol use  Height 

 Co-morbidities   

 Country of birth   

 County of residence   

 Ethnicity   

 Employment status   

 Medications  

   

HCV-related data at baseline Acquisition risk factor  

 Treatment choice   

 Treatment history   

 Stage of liver disease   

 Genotype   

 IL28B Allele   

   

   

Laboratory data  HCV-RNA (IU/ml) 

  Serum albumin (g/L) 

  ALT (IU/ml) 

  Total bilirubin (μmol/L) 

  Platelet Count (x10-9/L)  

  White cell count (x10-9/L)  

  Alpha fetoprotein (IU/L) 

  INR 

   

 

The definitive clinical outcome data for patients treated is the SVR12 or SVR24 83. 

Additional clinical outcome data for analysis includes: 

 End-of treatment HCV-RNA 

 Discontinuation rates 

 Dose reductions 

 Medications prescribed for the management of AEs 

 Liver disease progression 

 

3.5.3 Data Collection and Retrieval 

Designated data collectors manually extract data at each site through chart review to 

facilitate collation of patient level data. Site visits are facilitated through arrangements 
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with CNSs at each site. Data is captured on specifically designed data collection 

sheets that mirror the registry data inputs. Manual data collected at site visits is entered 

into the registry in preparation for data retrieval and analysis.  

 

The registry allows data to be extracted on an individual, site specific or a pooled total 

patient cohort basis. Categorical variables in the registry are retrieved in narrative 

format. Data for extraction is downloaded into a Microsoft Excel workbook in a 

narrative formation. Using a codebook developed for the HCV registry, categorical 

narrative data is coded. Continuous variables are extracted as per data entry. The data 

then undergoes a systematic quality control process prior to analysis. 

 

3.5.4 Quality Control 

The European Network of Centres for Pharmacoepidemiology and Pharmacovigilance 

(ENCePP) defines quality control as ‘the observation techniques and activities used to 

fulfil requirements for quality 227, 278. The quality of data within the registry is of integral 

importance and is a key aspect of the work of ICORN operations and those involved in 

data analysis.    

 

The potential problems with regard to the quality control of the data from the HCV 

registry include the following: 

 Missing data 

 Anomalous/implausible data (often continuous variables) – usually 

attributable to errors in data recording and input 

 

Data cleaning, as an essential aspect of quality assurance and a determinant of study 

validity, should adhere to good practice guidelines for data management and require 
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transparency and proper documentation of all procedures 279. Data cleaning deals with 

data problems once they have occurred. Error prevention strategies can reduce many 

problems but cannot eliminate them.  Using van den Broeck et al as a seminal guide to 

data cleaning, a three stage data cleaning process has been adopted, involving 

repeated cycles of screening, diagnosing, and editing of suspected data abnormalities 

227. 

 

As discussed previously, missing data refers to unrecorded values, which, if recorded, 

would be meaningful for the analysis and interpretation of a study 226, 280. It is a common 

problem in any clinical registry, and poses a threat to the validity of observational 

outcomes analyses 228. The intent of any analysis is to make valid inferences from the 

data and observational studies can be open to data that is missing, not recorded or not 

undertaken. Meaningful assessment of patients’ outcomes in observational studies 

requires a reliable and accurate measure of the outcome itself. Strategies for 

identifying and assessing the quantity of missing data have been adopted. 

 

Anomalous data is data that results from errors, such as typing errors, or represents 

unusual events 279. These are values in the database that represent data that fall 

outside a plausible range (outliers). Sources of errors are multifactorial and often relate 

to human error. The sources of potential errors in recording data in the HCV registry 

include the following: 

 On site recording of data in charts/nursing notes 

 At the point of recording in data collection sheets 

 At the point of data entry into registry 
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Good practice on data cleaning recommend a three phased approach of repeated 

cycles of screening, diagnosis and correction i.e. editing of suspected data 

abnormalities 279. The data cleaning process gives an insight into the nature and 

severity of error generating processes. This methodological feedback is given to 

operational staff to improve study validity and precision of outcomes. The feedback can 

result in amendments to the study protocol, regarding design, data collection and 

quality control procedures.  

 

The quality control processes undertaken by registry analysts are dependent on the 

type of data or problem encountered. For categorical data, a process of double data 

entry is undertaken. This is done on a random selection of patients. For continuous 

data, individual patient variables will undergo range and frequency checks to identify 

errors, true extreme, true normal or idiopathic. Subsequent validation of the data will be 

undertaken through a validation/verification process at each site. 

 

Following completion of the quality control procedures, the registry data is corrected if 

errors are true and correct values obtained, deleted if determined to be true errors that 

will impact on study outcomes or where data cannot be verified, and retained if 

seemingly implausible data, is in fact true. 

 

3.5.5 Data Analysis 

Data is analysed in accordance with best-practice guidance 199, 281.  The data required 

and methods of analysis will be dependent on the objectives of the individual studies. 

For this thesis, the methods of analysis will be outlined for each study separately.  
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Chapter 4 Do Disparities Between Patient Populations in 

Randomised Controlled Trials and the Real World Lead to 

Differences in SVR rates? A Systematic Review 

4.1 Introduction 

The breakthrough therapy designation (BTD), was established by the US Congress 

and the Food and Drugs Administration (FDA) in 2012 and adopted by the EMA in 

2016 to expedite the development of drugs that show promising early clinical evidence 

of benefit over available therapies 282, 283. In the case of HCV, SOF, SOF/DCVRBV, 

SOF/LDVRBV and 3DRBV were all designated as breakthrough therapies having 

demonstrated the potential for significantly improved efficacy and tolerability 284. The 

clinical trial programmes supporting product licensing for these IFN-free regimens 

involved both comparative and non-comparative trials. Evidence of efficacy in certain 

subpopulations of patients with HCV infection (genotype, presence of cirrhosis, 

decompensated cirrhosis etc.) was limited by small patients numbers and strict 

inclusion criteria and limited generalisation of outcomes to the real world clinical 

setting.  

 

When designed appropriately, clinical trials report treatment efficacy, a measure of the 

capacity of a treatment to produce the desired effect in a controlled environment 285-287. 

Treatment outcomes in routine clinical practice may be modified by concomitant co-

morbid medical conditions, substance abuse, poor adherence and loss to follow-up, 

resulting in potentially lower effectiveness rates than those obtained in clinical trials. It 

is important to evaluate how trial efficacy translates to real world effectiveness 288. 

Observational comparative effectiveness studies allow estimates of treatment 

effectiveness to be determined 285.   
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Following the availability of the breakthrough treatment regimens for HCV infection, a 

number of collaborative research networks were formed to conduct comparative 

effectiveness observational studies for patients treated under their care 289-291. These 

studies are designed to determine real world effectiveness and to compare results with 

the clinical trial data.  

 

The aim of this study was to conduct a systematic review of the published literature to 

report and compare the outcomes in RCTs and observational studies of DAA treatment 

regimens licensed for use in GT1 HCV-infected individuals and to investigate possible 

reasons for any disparity between efficacy and effectiveness. The review was limited to 

treatment combinations for GT1 HCV for two reasons. First, GT1 is the most prevalent 

genotype in HCV-infected individuals globally, accounting for 46% of all infections, and 

in Ireland (55%) 5, 51. Second, in both the AASLD and EASL guidelines, GT1 individuals 

have the widest array of treatment options available 7, 122.  

 

4.2 Methods 

This systematic review was conducted in accordance with the criteria of the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses group (PRISMA) 292.  

 

4.2.1 Search Strategy 

Using a pre-defined search strategy, along with pre-specified inclusion criteria 

incorporating the PICOS (Population, Intervention, Comparator, Outcome and Study 

Design) structure for formulating a research protocol 293, an electronic literature search 

in PubMed, EMBASE and The Cochrane Database of Systematic Reviews was 

systematically performed on May 6th 2015, for comparative and non-comparative 

clinical trials, and July 9th 2015, for observational studies (Table 6). Both searches were 
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repeated on Nov 24th 2015. The search included all studies published up to Nov 24th 

2015*. Details of the search strategy can be found in Appendix 1. In order to reduce the 

effect of publication bias, a hand-search of conference abstracts, for both clinical trials 

and observational studies, from the AASLD and EASL conferences between 2010-

2015, was performed. The bibliographies of identified articles were also hand-searched 

for potentially relevant articles.  

 

4.2.2 Eligibility Criteria 

RCTs, non-comparative clinical trials and observational studies were included if the 

patient population consisted of HCV GT1-infected individuals (over 18 years of age) 

treated with one of the EMA approved treatment combinations. Inclusion and exclusion 

criteria are outlined in Table 6. Criteria specified that SVR12, or SVR24, must have 

been included as a primary or secondary endpoint. Dose-finding studies, studies 

presenting information exclusively about acute or non-GT1 HCV, and studies that 

included HIV co-infected patients were excluded.  

 

 

 

 

 

 

 

 

                                                

* Two abstracts identified during this period that met all inclusion criteria were subsequently published as full text 

articles in early 2016 and thus, are referenced as such. 
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Table 6: PICOS criteria used in the search strategy for RCTs and observational studies 

Inclusion criteria Details Comments 

Patient population HCV genotype 1 patients 

> 18 years 

 

Intervention(s) Telaprevir, Boceprevir, Simeprevir, 
Sofosbuvir, Ledipasvir, Daclatasvir, 
Paritaprevir, Ombitasvir, Dasabuvir 

Includes any licensed combinations 
of these drugs  

Comparison therapy Any comparator or non-comparative 
studies 

 

Patient outcomes SVR12, SVR24  

Study types Randomised/non-randomised, 
comparative/non-comparative clinical 
trials, observational/real world studies 

Includes open-label, single-arm and 
single-agent studies 

Publication type Full text journal articles, conference 
abstracts reporting SVR outcomes 

 

Limits Humans  

Exclusion criteria Details Comments 

Patient population Non-genotype 1 patients, < 18 years, 
HIV co-infection, HBV co-infection, 
patients post orthotopic liver 
transplant 

 

Intervention(s) Unlicensed drugs/drug combinations  

Comparison therapy No limits  

Patient outcomes Not reporting SVR  

Study types Not randomised/non-randomised, 
comparative/non-comparative clinical 
trials, observational/real world studies 

 

Publication types Comments, editorials, letters  

SVR = sustained virological response, HBV = hepatitis B 

 

4.2.3 Screening and Selection 

The screening and selection process is outlined in Figure 17 and was undertaken by 

two reviewers. Search results from the electronic databases were transferred into the 

EndNote© referencing system. Due to the overlap in coverage of the electronic 

databases, there were a large number of duplicate citations that were excluded at this 

point. Initial screening of the title and abstract (if necessary) was conducted to exclude 

articles deemed not relevant. Articles that matched the inclusion criteria or those where 

the abstract did not provide sufficient information to include, or exclude, were selected 

for full-text review. These articles were then reviewed further for their relevance against 

the inclusion criteria by reading them in full text. Studies that met the eligibility criteria 

were included in this study.  
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4.2.4 Data Extraction 

A specifically designed data collection tool was used to extract patient and study 

characteristics from included studies. If data were unavailable in published material, 

supplemental appendices were examined. If further data was required, additional 

information was sought by directly contacting corresponding authors. Data were 

extracted on the number of patients in each trial arm, the experimental and comparator 

regimens and relevant baseline demographics and clinical characteristics of patients 

including gender, GT1 subtype, presence of cirrhosis and previous treatment history. In 

addition, baseline viral characteristics such as viral load were also extracted. The 

primary outcome measure was SVR12/24, calculated on an ‘intent-to-treat’ basis with 

all patients starting treatment contributing to the denominator.  

 

4.2.5 Risk of Bias Assessment for Randomised Controlled Trials 

The quality of included clincal trials was individually assessed by two reviewers using 

the ‘Risk of Bias’ Tool in the Cochrane Collaboration software Review Manager 

(RevMan) Version 5.3 (The Cochrane Collaboration, Copenhagen, Denmark) 294. Each 

study was assessed for bias by the author under the following domains: 

 Random sequence generation (Selection bias) 

 Allocation concealment bias (Selection bias) 

 Blinding of participants and personnel (Performance bias) 

 Blinding of outcome assessment (Detection bias) 

 Incomplete outcome data (Attrition bias) 

 Selective reporting bias (Reporting bias) 

 Other bias (This included consideration of study authors conflicts on interests or 

whether they were a receipient of funding from the trial sponsor) 
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4.2.6 Risk of Bias Assessment for Observational Studies 

Of the available tools to assess methodological quality in non-randomised 

observational studies, the Newcastle-Ottawa Scale (NOS) was selected based on 

recommendation by the Cochrane Collaboration 294, 295. The NOS scale is restricted to 

assessment of nine items, categorised into three dimensions including selection, 

comparability and outcome 296. For each item, a series of response options are 

provided. A star system allows a semi-quantitative assessment of study quality. The 

study is judged on three broad perspectives: the selection of study groups, the 

comparability of study groups and the ascertainment of the outcome or exposure of 

interest. The total number of stars that can be achieved in a study is 9, indicating a 

complete absence of bias. NOS scores are categorised into three groups: very high 

risk of bias (0 to 3 NOS stars), high risk of bias (4 to 6 stars) and low risk of bias (7-9 

stars) 297. 

 

4.3 Statistical Analysis 

For each treatment regimen, the clinical trial and observational study data was pooled 

and tabulated in terms of gender and key HCV characteristics. The SVR12/24 rates 

from all studies matching the inclusion criteria were recorded. Descriptive statistics 

were used to describe the HCV characteristics and SVR rates for the study population. 

Categorical variables were reported as frequencies and percentages. Univariate 

analyses were performed using the chi-square test as appropriate. A p-value <0.05 

was considered to be statistically significant. A sensitivity analysis was performed 

whereby both clinical trials and observational studies considered to be at high risk of 

bias were removed and the analysis subsequently repeated to determine whether the 

inclusion or exclusion of these studies impact the pooled SVR rates. The analysis was 

performed using SPSS Version 21® (IBM Corp, Armonk, NY, USA). 
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4.4 Results 

Three thousand, three hundred and seven records were identified from PubMed, 

EMBASE and conference proceedings. After excluding duplicates, the title and abstract 

(where necessary) of two thousand, eight hundred and twenty nine studies were 

reviewed, resulting in the identification of 159 studies for further assessment. These 

consisted of both full text articles and abstracts from conference proceedings. 

Following the application of eligibility criteria, 86 studies, which reported the efficacy or 

effectiveness of ten different treatment regimens, were selected for inclusion (Figure 

17).  

 

Ten treatment regimens were identified for the treatment of GT1 HCV infection. Five 

IFN-based regimens were: 

 Telaprevir in combination with pegylated interferon and ribavirin (TPV/PR) 

 Boceprevir in combination with pegylated interferon and ribavirin (BOC/PR) 

 Simeprevir in combination with pegylated interferon and ribavirin (SMV/PR) 

 Sofosbuvir in combination with pegylated interferon and ribavirin (SOF/PR) 

 Daclatasvir in combination with pegylated interferon and ribavirin (DCV/PR) 

Five interferon-free regimens were: 

 Sofosbuvir in combination with ribavirin (SOF+RBV) 

 Sofosbuvir combined with simeprevir with or without ribavirin (SOF/SMVRBV) 

 Paritaprevir boosted with ritonavir, ombitasvir and dasabuvir with or without 

ribavirin (3DRBV) 

 Sofosbuvir combined with ledipasvir with or without ribavirin (SOF/LDV±RBV) 

 Sofosbuvir combined with daclatasvir with or without ribavirin (SOF/DCV±RBV) 
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Figure 17: PRISMA flow diagram  
Flow diagram depicting studies selected for inclusion  

 

Among the 86 studies, 43 were clinical trials, both randomised and non-comparative 

studies, and the remaining 43 studies were observational cohort studies 97-105, 110-113, 116-

118, 121, 123-130, 157, 289, 290, 298-355. Characteristics of each of the eligible studies are 

presented in Appendix 1 Table A 1 and Table A 2. The studies included a total of 

40,796 patients of whom 71% were male, 55% were GT1a, 41% had previous 

treatment experience and cirrhosis was present in 32%. The profiles of the included 

studies are outlined in Table 7. 
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Table 7: Profile of randomised controlled trials and observational studies included in the systematic review 

 Randomised Controlled 
Trials 

Observational Studies 

Studies with no comparator group 23 20 

Studies with cirrhotic patients (exclusively) 5 4 

Studies with non-cirrhotic patients (exclusively) 16 1 

Studies with treatment naïve patients (exclusively) 11 8 

Studies with treatment experienced patients (exclusively) 21 3 

 

In the twenty RCTs that included a comparator group, PR was the comparator of 

choice in seventeen. In the remaining three, the comparators were TPV/PR (n=2) and 

SOF+RBV (n=1).  

 

Overall, a large population of patients, treated with IFN-based regimens (TPV/PR, 

BOC/PR, SMV/PR, DCV/PR and SOF/PR), were included in both RCTs and 

observational studies (n=19,994). However, there were exceptions; a limited number 

(n=2) of observational studies reported the outcomes for patients treated with SMV/PR 

and one RCT reported outcomes for patients (n=12) treated with DCV/PR. This 

treatment regimen was never reported in an observational study (Table 8).  

 

For the five IFN-free regimens (SOF+RBV, SOF/SMVRBV, 3DRBV, SOF/DCV±RBV 

and SOF/LDV±RBV), a substantial number of patients were included in RCTs for 

3DRBV (n=2598) and SOF/LDV±RBV (n=2106). However, for the remaining three 

regimens, the number of patients included in RCTs was significantly less 

(SOF/SMVRBV (n=580), SOF+RBV (n=97) and SOF/DCV±RBV (n=152) (Table 8).   

 

4.4.1 Baseline Characteristics: A Comparison 

Four key baseline variables were compared between the RCTs and the observational 

studies: male gender, previous treatment experience, presence of cirrhosis and the 

proportion of GT1a patients. The pooled baseline demographics and HCV 
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characteristics for clinical trials and observational studies stratified according to 

treatment regimen are presented in Table 8. An analysis was undertaken to evaluate 

for disparity between RCT and observational study populations. For IFN-based 

regimens, both RCTs and observational studies were undertaken in four of the five 

treatment regimens (TPV/PR, BOC/PR, SMV/PR and SOF/PR). A statistically 

significant difference was observed in the proportion of males and individuals with 

previous treatment experience, with observational studies comprising of a higher 

proportion of both than in the RCTs (p-value <0.005). Similarly, in TPV/PR, BOC/PR 

and SOF/PR studies, there were a higher proportion of patients with cirrhosis in 

observational studies compared to RCTs (p=<0.0001). The proportion of patients with 

GT1a varied for all regimens. With a limited number of patients in the SMV/PR 

observational studies (n=32), it was difficult to make comparisons with the RCTs for the 

regimen.  

 

In the IFN-free regimens SOF/SMVRBV and SOF/LDV±RBV, a statistically significant 

difference was observed in the proportion of males and individuals with cirrhosis, with 

observational studies comprising of a higher proportion of both than in RCTs 

(p<0.0001). There was a statistically significant difference in the proportion of patients 

with cirrhosis between the 3DRBV RCTs and the observational studies also. In 

contrast with IFN-based regimens, the proportion of patients with previous treatment 

experience was lower in the observational studies with statistically significant 

differences observed in the SOF/SMV RBV and SOF/LDV±RBV regimens (p<0.0001). 

The proportion of patients with GT1a varied for all three regimens. 

 

We also examined the countries in which these studies were undertaken. We found 

that, for both clinical trials and observational studies, the research was completed in 

developed countries. The majority included populations of patients from North America 
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and Europe (predominantly Germany, France and the UK) while a small number of 

studies were undertaken in Asia-Pacific (Japan, Australia and New Zealand).  

 

In general, significant differences in the patient populations included in RCTs and 

observational studies were identified. Observational studies tended to include a higher 

proportion of males and a higher proportion of patients with cirrhosis. In IFN-based 

regimens, the proportion of patients with previous treatment experience tended to be 

higher in observational studies but this tended to be lower in observational studies 

reporting outcomes in IFN-free regimens compared with the RCTs.   
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Table 8: Baseline demographics and HCV characteristics of the clinical trials and observational studies for each treatment regimen after pooling 

Treatment 
Regimen 

Study Type 
No. of 

studies 
included 

n 
Male 

(%) 
p-value 

GT1a 

(%) 
p-value 

Treatment 
experienced 

(%) 

p-value 

Presence of 
cirrhosis 

(%) 

p-value 

TPV/PR 
Clinical trials 7 1813 63.8 

0.00012* 
53.7 

<0.0001* 
35.6 

<0.0001* 
12.2 

<0.0001* 
Observational studies 19 7309 86.8 56.8 74.6 46.5 

BOC/PR 
Clinical trials 4 1397 62 

<0.0001* 
60.8 

<0.0001* 
32.7 

<0.0001* 
8.3 

<0.0001* 
Observational studies 23 7916 89.7 52.5 48.6 33.5 

SMV/PR 
Clinical trials 6 1515 61.5 

0.004* 
45 

0.889 
55.3 

<0.0001* 
23.3 

0.063 
Observational studies 2 32 89.5 44.8 18.7 9.4 

DCV/PR 
Clinical trials 1 12 58.3 

- 
75 

- 
0 

- 
0 

- 
Observational studies - - - - - - 

SOF/PR 
Clinical trials 3 500 61.2 

<0.0001* 
77 

<0.0001* 
0 

<0.0001* 
58.4 

<0.0001* 
Observational studies 4 1717 87.6 62.7 39.2 35.6 

SOF+RBV 
Clinical trials 3 97 76 

- 
79 

0.203 
0 

- 
49 

0.222 
Observational studies 2 72 N/A 79 0 82 

SOF/SMVRBV 
Clinical trials 3 580 64.1 

<0.0001* 
77.2 

<0.0001* 
46.9 

<0.0001* 
24.8 

<0.0001* 
Observational studies 8 3571 80.9 58.4 38.1 61.8 

3DRBV 
Clinical trials 7 2598 57.3 

0.936 
49.3 

0.013* 
32.6 

0.28 
14.6 

0.0004* 
Observational studies 2 102 56.8 32.8 27.5 60.8 

SOF/DCV±RBV 
Clinical trials 1 152 54 

- 
80 

<0.0001* 
27 

- 
0 

- 
Observational studies 3 243 N/A 46 N/A N/A 

SOF/LDV±RBV 
Clinical trials 8 2106 57.7 

<0.0001* 
64.5 

<0.0001* 
33.6 

<0.0001* 
22.2 

<0.0001* 
Observational studies 9 5976 71.6 69.1 19.7 39.7 

*Statistically significant, N/A = Not available 
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4.4.2 Efficacy vs. Effectiveness: A Comparison 

The SVR rates for both RCTs and observational studies, following pooling, are 

presented in Table 9.  

 

4.4.2.1 Interferon-based Regimens 

Prior to pooling, the efficacy rates reported for first-generation protease inhibitors 

(TPV/PR and BOC/PR) ranged from 51%-83% 97-105, 300, 315. The effectiveness rates 

were more varied and ranged between 31%-81% 157, 290, 317, 318, 321-324, 327, 328, 332-336, 338-340, 

342, 343, 347, 348, 351, 353, 355. Following pooling, the SVR rate in TPV/PR RCTs was 71% 

compared to 60% in the observational studies (p<0.0001) with an absolute difference 

of 11%. In BOC/PR studies, the SVR rate in clinical trials was 64% and 52% in 

observational studies (p<0.0001) with an absolute difference of 12%.  

 

In second-generation protease inhibitors (SMV/PR, DCV/PR and SOF/PR), the range 

of efficacy rates prior to pooling were slightly higher than the first generation protease 

inhibitors, between 50%-89% 110-113, 115-118, 301, 308, 312. The range of effectiveness rates 

was similar and between 48%-80% 289, 316, 319, 332, 336, 344. No observational studies for 

DCV/PR were identified in the systematic review. Following pooling, the SVR rate in 

SMV/PR RCTs was 65% compared to 53% in the observational studies (p<0.171). This 

represented an absolute difference of 12%. In SOF/PR studies, the pooled SVR rates 

were 89% and 69% in the clinical trials and observational studies, respectively 

(p<0.0001), an absolute difference of 20%.  

 

4.4.2.2 Interferon-free Regimens 

For SOF+RBV, a DAA in combination with RBV, the SVR rates in RCTs ranged from 

50%-77% prior to pooling and the effectiveness rates also ranged from 50%-77% 121, 
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307, 314 in observational studies. The pooled efficacy rate was 64% with an effectiveness 

rate of 63%.  

 

In the DAA dual combinations with or without ribavirin (SOF/SMVRBV, 3DRBV, 

SOF/DCV±RBV and SOF/LDV±RBV), the efficacy rates and effectiveness rates were 

higher than those observed for the IFN-based regimens. In RCTs, the efficacy rates 

ranged from 84%-99% across the 19 studies and effectiveness rates ranged from 72%-

100% across the 20 studies 123-130, 289, 298, 299, 302-306, 309-311, 313, 316, 319, 320, 325, 326, 329-332, 337, 

341, 344-346, 349, 350, 352, 354. Following pooling, the SVR rate in SOF/SMVRBV RCTs was 

89% compared to 80% in the observational studies (p<0.0001). This represented an 

absolute difference of 9%. In 3DRBV studies, the pooled SVR rates were 96% and 

95% in the clinical trials and observational studies, respectively (p<0.0001), 

representing an absolute difference of 1%. For SOF/DCV±RBV and SOF/LDV±RBV 

RCTs, the pooled SVR rates were 98% and 97%, respectively, compared to 93% 

(p=0.26) and 94% (p<0.0001) for the observational studies. Correspondingly, these 

represented absolute differences of 5% and 3%. 
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Table 9: Pooled SVR rates for the clinical trials and observational studies 

Treatment Regimen Study Type n 
SVR12/24 

(%) 
p-value 

TPV/PR 
Clinical trials 1813 71 

<0.0001* 
Observational studies 7309 60 

BOC/PR 
Clinical trials 1397 64 

<0.0001* 
Observational studies 7916 52 

SMV/PR 
Clinical trials 1515 65 

0.171 
Observational studies 32 53 

DCV/PR 
Clinical trials 12 83 

- 
Observational studies - - 

SOF/PR 
Clinical trials 500 89 

<0.0001* 
Observational studies 1717 69 

SOF+RBV 
Clinical trials 97 64 

0.85 
Observational studies 72 63 

SOF/SMVRBV 
Clinical trials 580 89 

<0.0001* 
Observational studies 3571 80 

3DRBV 
Clinical trials 2598 96 

0.638 
Observational studies 102 95 

SOF/DCV±RBV 
Clinical trials 152 98 

0.026* 
Observational studies 243 93 

SOF/LDV±RBV 
Clinical trials 2106 97 

<0.0001* 
Observational studies 5976 94 

*Statistically significant 

 

Plotting the SVR rate for each regimen against the date on which the drug received 

EMA marketing authorisation demonstrated the improvement in SVR rate over time, 

particularly with the introduction of the IFN-free regimens (Figure 18). 
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BOC = BOC/PR, DCV = DCV/PR, SMV = SMV/PR, SOF = SOF/PR, TPV = TPV/PR 

 

Figure 18: Plot of the pooled SVR rates against the date of EMA marketing authorisation 
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4.4.3 Quality Assessment 

4.4.3.1 Clinical Trials 

The risk of bias graph and the risk of bias summary assessing the quality of the forty-

three clinical trials are presented in Figure 19 and Figure 20. Following the assessment 

of quality, a high risk of bias was considered to be present in 2%, 16%, 42% and 28% 

of the random sequence generation, allocation concealment, blinding of participants 

and personnel and blinding of outcome assessment domains, respectively. The 

remaining domains, incomplete outcome data, selective reporting and other bias, were 

considered to be at low risk of bias.  

 

4.4.3.2 Observational Studies 

The quality of observational studies using the NOS is presented in Figure 21. The 

mean NOS score of the 43 included studies was 6, with a range from 5-8. Six studies 

had a rating of 8 stars, 2 studies had a rating of 7 stars, 24 had a rating of 6 stars and 

11 had a 5 star rating. Risk of bias was greatest in the comparability domain with 81% 

considered at high risk of bias for confounding. Eight studies were awarded two stars 

indicating that these studies were adjusted for potential confounding factors. The 

remainder of the studies failed to score any stars for this domain. Studies that did not 

undertake appropriate statistical analysis such as multivariate logistic regression or 

propensity scoring were at risk of confounding by indication. The risk of bias at the 

outcome level for 43 observational studies is summarized in Appendix 1 Table A 3. 
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Figure 19: Risk of bias summary 
Review authors' judgements about each risk of bias item for each included study. 
 
 

 
Figure 20: Risk of bias graph 
Review author's judgements on each risk of bias domain presented as percentages across all included studies 
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Figure 21: Risk of bias by domain using the Newcastle Ottawa Scale  
The green bar represents the percentage of studies with a low risk of bias over the number of studies assessed.  

 

4.4.4 Sensitivity Analysis 

In order to investigate the possible impact of bias on outcomes, all studies, both clinical 

trials and observational studies, identified as being associated with a high risk of bias 

(any red in Figure 19) and those with significant uncertainty around their risk of bias (≥ 

four yellow in Figure 19) were excluded and the outcome analysis was repeated (Table 

10). Pooled SVR rates are presented in the Appendix 1 Table A 4. Following the 

exclusion of clinical trials and observational studies associated with a high risk and 

unclear levels of bias, no clinical trials remained that reported SVR rates for SMV/PR, 

DCV/PR, SOF/SMV±RBV and SOF/DCV±RBV. Similarly, when observational studies 

associated with a high risk of bias (NOS score ≤ 6) were excluded, no observational 

studies remained that reported SVR rates for SOF/PR, SOF+RBV and SOF/DCV±RBV.  
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Table 10: Studies excluded from the sensitivity analysis 

Study Risk of Bias (Comment) 

Afdhal 2014a High  (Performance bias)  

Afdhal 2014b High  (Performance bias) 

Andreone 2014 High  (Selection and Performance bias) 

Dore 2015 High  (Selection, Performance and Detection bias)  

Kowdley 2013 High  (Performance and Detection bias) 

Kowdley 2014a High  (Performance Bias) 

Kowdley 2014b High  (Performance and Detection bias) 

Kwo 2010 High  (Performance bias) 

Kwo 2015 High  (Selection, Performance and Detection bias) 

Lawitz 2013b High  (Performance and Detection bias) 

Lawitz 2014a High  (Selection, Performance and Detection bias) 

Lawitz 2014b High  (Selection, Performance and Detection bias) 

Lawitz 2015 High  (Selection, Performance and Detection bias) 

Mizokami 2015 High  (Selection, Performance and Detection bias) 

Osinusi 2014 High  (Performance and Detection bias) 

Poordad 2014 High  (Performance and Detection bias) 

Sherman 2011 High  (Selection bias) 

Sulkowski 2014 High  (Performance and Detection bias)  

Kumada 2012 Significant uncertainty (Selection, Performance and Detection bias – not reported in studies) 

Lalezari 2013 Significant uncertainty (Selection, Performance and Detection bias – not reported in studies) 

McHutchison 2009 Significant uncertainty (Selection, Performance and Detection bias – not reported in studies) 

McHutchison 2010 Significant uncertainty (Selection, Performance and Detection bias – not reported in studies) 
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Analysis of the pooled SVR rates after excluding studies at high risk (and unclear risk) 

of bias resulted in some changes to the SVR rates. In the clinical trials, the pooled SVR 

rates fell by 0.2%-4.4% for all regimens, with the exception of SOF+RBV, which 

increased by 12%. The greatest reduction in SVR rate (-4.4%) occurred in the pooled 

analysis of SOF/LDVRBV clinical studies. In the observational studies, pooled SVR 

rates for TPV/PR, BOC/PR and SMV/PR fell by 2.8%, 0.2% and 5%, respectively. 

There was no change in the SVR rate for 3DRBV studies while the pooled SVR rate 

for SOF/LDV±RBV and SOF/SMVRBV increased by 0.2% and 4.6%, respectively, 

when high risk studies were excluded.  

 

4.5 Discussion 

The HCV treatment landscape has evolved rapidly in the last number of years and has 

led to significantly improved SVR rates. This breakthrough began with the advent of the 

first-generation DAAs, TPV/PR and BOC/PR, and were followed by second-generation 

protease inhibitors, SMV/PR, DCV/PR and SOF/PR. Despite the improvement in SVR 

rates, patients treated with IFN-based regimens were burdened with significant side 

effects and complex treatment regimens. The ability of IFN-free therapies to 

dramatically improve virological clearance heralded a new era in clinical therapeutics, 

as the prospect of cure for a chronic viral infection becomes a reality 356. 

 

This study demonstrated the variation in outcomes that can be observed between 

clinical trials and observational comparative effectiveness studies. Ten DAA-based 

therapeutic combinations now available for the treatment of GT1 HCV-infected patients 

were identified. The improvement in SVR rates that came with advances in the 

development of therapies that targeted more specific and distinct sites in the HCV 

replication process were highlighted and we report that the interferon-free, DAA dual 
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combinations (SMV/SOFRBV, 3DRBV, SOF/DCV±RBV and SOF/LDV±RBV) are the 

most effective regimens for the treatment of HCV GT1 infection.  

 

Further investigation into the variation of SVR rates highlighted the disparity in baseline 

demographics and HCV characteristics of the populations included in RCTs as 

compared with those included in observational studies. Statistically significant 

differences were found between the RCT and observational study populations. In the 

studies that included IFN-based regimens, the observational studies had a consistently 

greater proportion of males, but more significantly, a greater proportion of patients with 

previous treatment experience and cirrhosis. Similarly, in the studies of IFN-free 

regimens, the observational studies commonly included a higher proportion of patients 

with cirrhosis but the proportion of patients with previous treatment experience was 

frequently lower in the observational studies.  

 

The absolute difference in pooled SVR rates between RCTs and observational studies 

was significant for some regimens. It is possible that the disparity in population 

demographics may account for the differences between the efficacy and effectiveness 

rates observed. Analysis of the demographic data from RCTs that studied the efficacy 

of IFN-based regimens showed favourable SVR rates in patients who were treatment 

naïve and non-cirrhotic. However, in the real world setting, the patient population is 

more diverse. With a greater proportion of patients considered difficult-to-treat, the 

effectiveness rate in the real world clinical setting was 11%-20% lower than those 

observed in RCTs. A lack of specific subpopulation data (i.e. SVR rates in patients with 

cirrhosis or those with previous treatment experience) prevented the direct 

comparisons of efficacy and effectiveness rates between these patient subgroups. 

Therefore, it is difficult to determine the true differences in SVR rates in patients with 

cirrhosis (particularly in advanced cirrhosis) between RCT and observational studies. 
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However, we can hypothesise that the higher proportion of patients with cirrhosis in the 

observational studies may have contributed to the lower rates of effectiveness.  

 

In the interferon-free, DAA dual combination (SMV/SOFRBV, 3DRBV, 

SOF/DCV±RBV and SOF/LDV±RBV) regimens, the gap between efficacy and 

effectiveness rates narrowed, and in some cases, rates were almost identical, in 

particular for the 3DRBV regimen. Nonetheless, disparities in the baseline 

characteristics between the populations were still apparent. Patients with cirrhosis 

continued to be under-represented in RCTs but these dual combinations have 

demonstrated similarly high efficacy rates in both patients with and without cirrhosis.  

 

The quality assessment tools, Cochrane’s Risk of Bias and the NOS allowed us to 

assess whether the quality of the study had an impact on the outcomes obtained. Our 

sensitivity analysis in which we re-analysed the data following the exclusion of studies 

considered at high risk of bias (and those with significant uncertainty around the risk of 

bias), indicated that SVR rates did not differ substantially when studies considered at 

low risk of bias were analysed alone, with the exception of one regimen SOF+RBV, 

where the exclusion of one study by Lalezari et al resulted in a +12% difference in the 

SVR rate 307. Despite this, there continues to be a requirement to utilise methods to 

address confounding in observational studies, such as multivariate logistic regression 

and propensity scoring. While observational studies may be more reflective of the real 

world populations, it is crucial that the studies are well-designed and the highest quality 

of evidence is produced. It is now more important than ever that decision-makers 

consider the evidence from observational studies, in addition to the RCT evidence, and 

the quality of this evidence, to inform or revise policies and decisions about coverage 

and reimbursement of high cost treatments. 
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Given that the goal of the BTD program is to identify promising drug candidates early in 

the clinical development timeline, expedite the development and review process via 

intensive guidance from the FDA and the EMA and provide patients with access to 

approved therapies as quickly as possible, non-comparative data are often considered 

sufficient for providing evidence of early clinical benefit 357. These clinical trials include 

limited numbers of carefully selected patients. Thus, it is not uncommon for selected 

patient subgroups, such as those with decompensated cirrhosis, renal failure or other 

comorbidities to be excluded from these studies 358. These are often the most complex 

and difficult-to-treat patients in clinical practice, and a marketing authorisation can be 

granted without any evidence from these subgroups. Therefore, this study 

demonstrates the importance of including a patient population in RCTs that closely 

mimics the patient population in real world clinical practice with particular emphasis on 

the inclusion of difficult-to-treat patients. This allows for meaningful determinations to 

be made about probable effectiveness rates in clinical practice.  

 

From the perspective of the regulator (such as the FDA and EMA), observational 

studies can play an important role in the post-marketing surveillance and generation of 

evidence for these difficult-to-treat patient groups. If the inclusion of such patients in 

RCTs was not possible or unethical, the requirement for thorough, and early, post-

marketing surveillance, would enable the effectiveness of the regimen to be 

established at an early stage following authorisation.  

 

There were several limitations to this study. It is possible that the systematic review 

was subject to publication bias. Publication bias occurs when studies of statistically 

significant or clinically favourable results are more likely to be published than studies 
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with non-significant or unfavourable results. While all resources and search strategies 

were used to ensure all relevant studies were included, it is possible that trial sponsors 

failed to make results of unfavourable trials available and thus, the potential for 

publication bias must be considered. Additionally, pooling data from studies with 

heterogeneous design requires awareness of the potential to introduce bias. Pooling, 

as undertaken above, is the simplest and most naively intuitive way of summarising the 

information from several clinical trials. However, this approach does not consider the 

validity of the comparisons, assumes all trial designs are the same and therefore, is 

often subject to bias 359.  

 

4.6 Conclusion 

Recent therapeutic advances are transforming the HCV landscape and there is now an 

unprecedented prospect of cure for this chronic viral infection with the possibility of 

global eradication of the disease (subject to fiscal restraints). While demonstrating the 

superiority of DAA dual combination interferon-free treatment combinations above 

those that contain the PR backbone, this study highlights the need for clinical trials to 

include a patient population that is more representative of those awaiting treatment in 

the clinical setting. 

 

This study provides evidence that the populations included in clinical trials tend not to 

reflect the population treated in the clinical setting and as a result, the efficacy rates 

often differ from the effectiveness rates reported in the real world. Clinical trials 

commonly exclude difficult-to-treat patients, those with the most severe presentation of 

a disease (e.g. decompensated cirrhosis) and/or those with co-morbid conditions (e.g. 

HIV-co-infection or renal insufficiency). While appropriate eligibility criteria are essential 

for the internal validity of the RCTs, it often results in the selection of an ‘ideal’ patient 
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population most likely to demonstrate the efficacy and safety outcomes required to 

ensure regulatory approval.  

 

Historically, RCT evidence has been considered the gold standard in the hierarchy of 

evidence for evaluating the efficacy and safety of interventions. The BTD aims to fast-

track the approval of marketing authorisations for promising drugs, potentially relying 

exclusively on well-controlled, non-randomised studies as appropriate evidence of 

efficacy for regulators. Thus, not only does the clinical trial population poorly reflect the 

clinical setting but we also consider whether the BTD compromises the scientific 

strength of the clinical trial evidence at the top of the evidence hierarchy. Without the 

requirement for randomisation, blinding and concealment, the design of these studies 

and thus, the quality of evidence for BTD designated treatments do not differ 

significantly from the design of observational studies. Licensing of treatments for HCV 

infection in recent years is a testament to this phenomenon whereby many agents and 

treatment regimens were licensed based on non-comparative, single arm studies 

driven by the desire to bring treatments to the market as quickly as possible. This has 

also occurred in a number of other therapeutic areas. Therefore, as observational 

studies may be more reflective of the real world populations and the quality of the 

evidence may not differ significantly from that of some clinical trials, it is now more 

important than ever that decision-makers consider the evidence from observational 

studies accrued prospectively in the post-HTA era, in addition to the RCT evidence, 

and the quality of this evidence, to inform or revise policies and decisions about 

coverage and reimbursement.  

 

Additionally, in instances where it is unethical or impossible to include a patient 

population representative of clinical practice in the RCTs, a regulatory requirement for 

observational studies may assist in the generation of further evidence for these patient 
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groups and to allow for continued monitoring and analysis of outcomes, identifying 

adverse events or unwanted outcomes that did not appear during the drug approval 

process. 
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Chapter 5 Generation and Analysis of Observational Data from 

the National HCV Treatment Registry 

This chapter is composed of three separate sub-studies. Sub-study 1 reports the 

effectiveness of the protease inhibitors, telaprevir, boceprevir and simeprevir, in 

combination with pegylated-interferon and ribavirin in a cohort of HCV-infected patients 

with or without cirrhosis. Sub-study 2 reports the effectiveness of the interferon-free 

regimen, sofosbuvir/ledipasvir with or without ribavirin in a cohort of patients with 

advanced liver disease and/or decompensated cirrhosis who received treatment under 

the Irish early access programme. Sub-study 3 reports the effectiveness of interferon-

free regimens in a cohort of patients with compensated cirrhosis. These patients had 

been prioritised to receive treatment after all those with advanced liver disease and/or 

decompensated cirrhosis had been treated. 

 

5.1 Introduction 

The value of including outcomes from clinical trials for estimating treatment effect is 

limited by strict inclusion and exclusion criteria in the trials, with results which may have 

limited applicability to patients in real world clinical settings 11-13, 163, 164. The approval of 

first-generation protease inhibitors for use in combination with PR for the treatment of 

HCV infection marked the beginning of the recent evolution in the HCV treatment 

landscape. This also led to the establishment of ICORN and the development of the 

Irish national HCV treatment registry. The initial research undertaken for this thesis 

utilises data within the national HCV treatment registry and aims to establish the 

effectiveness of the new treatments for HCV infection in the Irish clinical setting. Both 

the baseline demographic and HCV characteristic profile of these patients and the 

outcomes from the treatment will be valuable for HTA agencies and decision-makers in 

the post-reimbursement era. 
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5.2 Methods 

The Irish national HCV treatment registry utilises a prospective, longitudinal, 

observational methodology. Since 2012, patients prescribed HCV DAA treatment have 

been enrolled for participation in the registry. Data on treated patients were collected 

through chart review and interrogation of electronic patient records (EPR), and 

subsequently entered into the web-based registry.  

 

The candidate periodically visited the treatment sites and manually abstracted data 

through chart review and interrogation of electronic patient records (EPR) to facilitate 

collation. Site visits are facilitated through arrangements with nursing staff at each site. 

Data was captured on data collection sheets that mirrored the registry data inputs. For 

two treatment sites, data was collected on site by the nursing staff and sent to the 

candidate. Demographic and clinical data were collected at baseline, throughout 

treatment and in the post-treatment follow-up period. Manual data collected, for each 

patient, at site visits was entered into the registry in preparation for retrieval and 

analysis.  

 

Treatment effectiveness was measured as the SVR12 (for the IFN-free regimens) or 

SVR24 (for the IFN-based regimens) following treatment completion. Where a SVR12 

or SVR24 was not achieved, the frequency of virological failure and relapse were 

recorded. Additionally, patients who were lost-to-follow up or had discontinued 

treatment prematurely as a result of AEs, non-compliance, death or other factors were 

captured.  

 

For all patients, the decision to initiate treatment and the selection of the treatment 

regimen was at the discretion of the physician.  
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5.2.1 Sub-study 1 – Effectiveness of Interferon-based Therapy in HCV-Infected 

Patients 

For this study, we analysed the data for 338 patients who underwent treatment with 

IFN-based regimens for HCV GT1 infection between June 2012 and December 2014. 

Patients were eligible if they were HCV GT1 infected and 18 years or older. Cirrhotic 

and non-cirrhotic patients and HIV co-infected patients were eligible for inclusion. 

Patients were treated with either: 

 Telaprevir 1125mg taken twice daily in combination with PR for 12 weeks 

followed by 12- or 24-weeks of PR alone (TPV/PR).  

 A lead-in of PR for 4-weeks followed by boceprevir 800mg taken three times 

daily in combination with PR for 24-, 32- or 44-weeks (BOC/PR).  

 Simeprevir 150mg taken once daily in combination with PR for 24 or 48 weeks 

(SMV/PR).  

 

Duration of treatment was determined by baseline patient characteristics and/or in 

accordance with recommended stopping rules 6, 276.  

 

5.2.2 Sub-study 2 – Effectiveness of Interferon-free Therapy in HCV-Infected 

Patients with Advanced Liver Disease and/or Decompensated Cirrhosis 

For this study, data from 101 patients treated with the IFN-free regimen SOF/LDV±RBV 

between December 2014 and June 2015 under the EAP were analysed. Eligible 

patients were those at significant risk of death or irreversible damage from HCV 

infection within 12 months, irrespective of genotype. Criteria for inclusion were 

decompensated cirrhosis  (ascites, variceal bleed or hepatic encephalopathy (past or 

current)) or Child Pugh score ≥ 7. HIV co-infected patients were eligible for inclusion.  
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Patients were treated with: 

 Sofosbuvir/ledipasvir (400mg/90mg) taken once daily by mouth with or without 

weight-based RBV administered orally in two divided doses for 12-weeks 

(SOF/LDVRBV).  

 

5.2.3 Sub-study 3 – Effectiveness of Interferon-free Therapy in HCV-Infected 

Patients with Compensated Cirrhosis   

For this study, data for 205 patients treated with the IFN-free regimens from April 2015 

to July 2016 were analysed. Patients were eligible for this study if they were treated for 

HCV infection with an IFN-free regimen, were 18 years or older, and had evidence of 

compensated cirrhosis (CTP A). HIV co-infected patients were also eligible for 

inclusion. Based on the 2015 AASLD and EASL guidelines 7, 122, patients were initiated 

on treatment with one of the following three regimens: 

 Sofosbuvir/ledipasvir (400mg/90mg) taken once daily by mouth with or without 

weight-based RBV administered orally in two divided doses for 12-weeks 

(SOF/LDVRBV).  

 A combination of 12.5mg ombitasvir, 75mg paritaprevir and 50mg of ritonavir 

once daily with 250mg dasabuvir with or without weight-based RBV 

administered orally in two divided doses for 12 weeks, with the exception of 

those with GT1a, who required 24 weeks of therapy (3DRBV).  

 Sofosbuvir/daclatasvir (400mg/60mg) taken once daily by mouth with or without 

weight-based RBV administered orally in two divided doses for 24 weeks 

(SOF/DCVRBV) 122.   

 

5.3 Statistical Analysis 

Descriptive statistics were used to present the baseline characteristics and unadjusted 

outcomes for the study population. Categorical variables were reported as frequencies 
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and percentages. Baseline continuous data were expressed as medians (with the 

interquartile range (IQR)). Univariate analyses were performed using the Chi-square, 

Fisher’s Exact or Student’s t-test as appropriate. A one-way ANOVA was used to test 

for significant differences for those elements with greater than two categories. A p-

value <0.05 was considered significant. Odds ratios were reported with their 95% 

confidence interval.  

 

Where required, multiple imputation was used to impute missing values on baseline 

variables that were identified as covariates in the confounding analysis. Despite 

manually collecting data from the majority of treatment sites, there was still missing 

data on simple variables such as gender. This arose from the sites, which submitted 

their data to us, whereby data collection forms were received with incomplete data for 

these simple variables.  

 

A confounder is a variable that can influence both the treatment assignment and the 

treatment outcome. The confounding variables were identified through careful analysis 

of published literature and following consultation with clinical experts. The goal of the 

multiple imputation was to ensure that there was no missing data for the identified 

confounding variables. This ensured that we could include all subjects in the PS 

analysis. Missing data relating to the confounders would have resulted in the exclusion 

of these subjects before commencing the PS analysis, compromising the outcomes in 

a dataset already limited by a small sample size. The standard SPSS procedure for 

multiple imputation using the fully conditional specification statement and the Markov 

Chain Monte Carlo (MCMC) methodology was used. Imputation was based on a linear 

regression model.  
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Propensity scoring was used in both sub-study 1 and sub-study 3†. In sub-study 1, the 

PS, the probability of being treated with TPV/PR as opposed to BOC/PR, given other 

known baseline demographics and HCV characteristics, was computed using 

multivariate logistic regression. Following a review of the literature and consultation 

with clinicians, nine covariates were entered into the model: previous treatment 

experience, presence of cirrhosis, age, BMI, GT1, GT1b, IL28B CT, IL28B TT and 

baseline HCV > 800,000 IU/ml 218-222. For genotype and IL28B allele, both of which had 

more than two distinct categories (i.e. GT1 (no subtype), GT1a, GT1b), dummy 

variables had to be created to represent these subgroups in the regression analysis 

(Appendix 2 Table A 5 and Table A 6). The resultant PS (range = 0.0 – 1.0) was a 

single score per patient, with a high score representing a high probability that the 

patient would be treated with TPV/PR, based on the given information. Prior to applying 

PS matching, a comparison of confounders between the TPV/PR and BOC/PR groups 

was completed. The standardised difference was used to compare the mean of 

continuous and binary variables between treatment groups and was not influenced by 

the sample size. Three approaches to matching without replacement were employed to 

match patients who received TPV/PR with patients who received BOC/PR. A treated 

subject (TPV/PR) was first selected at random. The untreated subject (BOC/PR) whose 

propensity score was closest to that of this randomly selected treated subject was 

chosen for matching. This process was then repeated until all untreated subjects had 

been matched to all treated subjects. In our first approach, naïve matching was used 

whereby all ninety-four BOC/PR subjects were matched to a TPV/PR subject. A 

second matching approach was completed where patients were matched on the logit of 

the PS using a caliper width limit equal to 0.1 of the logit of the propensity score (i.e. 

the difference of the logit of the PS between the TPV/PR and BOC/PR matched 

subjects was less than 0.1). Finally, in the third scenario, the caliper width limit was 

                                                

† Propensity scoring was not used in sub-study 2 because only one treatment regimen, SOF/LDVRBV was included in 

the analysis. 
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extended to 0.2 of the logit of the PS. In all three approaches, each TPV/PR treated 

subject was matched to the BOC/PR subject with the closest PS. To assess the 

balance of covariates after PS matching, the balance in measured confounders 

between treated and untreated subjects within the PS matched sample were compared 

for all three approaches using standardised differences. Adjusted SVR rates, odds 

ratios, p-values and 95% confidence intervals were calculated.  

 

In sub-study 3, PS stratification was employed as it allowed all the data to be used in a 

dataset that already contained limited numbers. This tool was applied in the GT1 cohort 

of patients to determine the adjusted odds ratio of achieving a SVR in those treated 

with SOF/LDV±RBV compared with 3DRBV. PS could not be used in other genotypes 

or treatment regimens due to insufficient patient numbers and a lack of a suitable 

comparator. The PS, the probability of being treated with SOF/LDVRBV, as opposed 

to 3DRBV, given other known baseline demographics and HCV characteristics, was 

computed for each individual using a multivariable logistic regression model. Seven 

covariates were identified after reviewing the literature and consulting with clinicians 121, 

360. Those covariates identified and entered into the model were previous protease-

inhibitor treatment failure, previous PR treatment failure, age, gender, GT1a, GT1b, 

and baseline HCV > 800,000 IU/ml. In this sub-study, we stratified on the propensity 

score. Subjects were ranked according to the calculated PS and divided into five strata, 

which were created based on the quintiles of the PS distribution in the cohort. To 

assess the balance in measured confounders after stratifying on the PS, within-strata 

standardised differences were computed to compare the distribution of baseline 

covariates between treated and untreated subjects within the same PS stratum. The 

mean standardised difference was then determined across the strata. The OR was 

calculated to express the chances of a SVR12 with 3DRBV compared with 

SOF/LDV±RBV.  
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Demographic and outcome analyses and multiple imputation were conducted using 

IBM SPSS Version 21 (IBM Corp, Armonk, NY, USA). Propensity scoring was 

conducted with STATA Version 14 (STATACorp, College Station, Texas, USA). 

 

For all three sub-studies, the effectiveness rates reported in this chapter were 

compared with efficacy rates reported in pivotal clinical trials and effectiveness rates 

reported in international real world studies.  

 

5.4 Results - Sub-study 1 

A total of 338 patients with HCV infection initiated treatment with TPV/PR (n=215), 

BOC/PR (n=94) or SMV/PR (n=29). All had reached SVR24 or discontinued treatment 

prematurely. The majority of patients were male (74%) with a median age of 45 years 

(IQR 38-54 years). Patients who previously failed to respond to treatment with PR 

accounted for 29% of the cohort while cirrhosis was present in 27%. HIV co-infection 

accounted for 7%. IL28B CT was the dominant allele (54%). The proportion of patients 

with GT1a, 1b and 1 (no subtype) was 54%, 26% and 19% respectively. Two patients 

treated with SMV/PR were GT4. Baseline HCV-RNA was greater than 800,000 IU/ml in 

54% of the cohort (Table 11). 
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Table 11: Baseline demographics for patients treated with the IFN-based regimens 

 Total Cohort* TPV/PR* BOC/PR* SMV/PR* 

 n=338 n=215 n=94 n=29 

Age – Years, Median (IQR) 46 (38-54) 45 (38-54) 47 (39-56) 48 (35-53) 

BMI – kg/m2 Median (IQR) 26.1 (23.5-28.7) 26.3 (23.9-28.5) 25.9 (21.4-30.6) 26.2 (22.9-28) 

Male, n (%) 229/309  (74.1%) 149/202 (73.8%) 63/88 (71.6%) 17/19 (%) 

History of cirrhosis, n (%)  82/308 (26.6%) 55/198 (27.8%) 24/93 (25.8%) 3/17 (%) 

Treatment Experienced, n (%) 93/325 (28.6%) 66/212 (31.1%) 23/94 (24.5%) 4/19 (%) 

HIV co-infected, n (%) 23/313 (7.3%) 23/198 (11.6%) - Not available 

Haemophilia, n (%) 18/300 (6%) 16/191 (8.4%) 2/94 (2.1%) Not available 

Post liver transplant, n (%) 5/300 (1.7%) 1/191 (0.5%) 4/94 (4.3%) Not available 

Presence of diabetes, n (%) 12/286 (4.2%) 4/187 (2.1%) 8/90 (8.9%) Not available 

IL28B Allele, n (%)     

    CC 92/269 (34.2%) 59/179 (33%) 31/86 (36%) Insufficient data 

    CT 144/269 (53.5%) 96/179 (53.6%) 47/86 (54.7%) Insufficient data 

    TT 33/269 (12.3%) 24/179 (13.4%) 8/86 (9.3%) Insufficient data 

Genotype, n (%)      

    G1a  183/338 (54.1%) 119/215 (55.3%) 53/94 (56.4%) 11/29 (37.9%) 

    G1b 89/338 (26.3%) 55/215 (25.6%) 31/94 (33%) 3/29 (10.3%) 

    G1 – unspecified 64/338 (19%) 41/215 (19.1%) 10/94 (10.6%) 13/29 (44.9%) 

    G4  2/338 (0.6%) - - 2/29 (6.9%) 

Acquisition Risk Factor     

    IVDU 138/338 (40.8%) 89/215 (41.4%) 44/94 (46.8%) 5/22 (17.2%) 

    Anti-D 28/338 (8.3%) 18/215 (8.4%) 10/94 (10.6%) - 

    Blood product 36/338 (10.7%) 31/215 (14.4%) 5/94 (5.3%) - 

    Other 15/338 (4.5%) 11/215 (5.1%) 4/94 (4.4%) - 

    Unknown/not reported 121/338 (35.7%) 66/215 (30.7%) 31/94 (32.9%) 17/22 (82.8%) 

Baseline HCV-RNA   >800,000IU/ml 161/299 (53.8%) 98/196 (50%) 55/90 (61.1%) 8/13 (61.5%) 

BMI = body mass index, IVDU = injecting drug user 
*Missing data are a common problem with observational data. Percentages are calculated based on the proportion of 
available data 
 

 

5.4.1 Effectiveness 

Outcomes for all 338 patients are presented in Figure 22. Overall, 71% (n=240/338) of 

the cohort completed therapy, with the remaining 29% (n=98/338) discontinuing early 

due to AEs, virological failure, poor tolerability, non-compliance or for an undetermined 

reason. The overall rate of SVR24 (unadjusted) was 68% (n=228/338). This included 

fifteen patients who discontinued prematurely as a result of an AE or non-compliance 

but achieved a SVR24. Nineteen patients (6%) completed a full course of treatment but 

relapsed within 24-weeks of completing therapy. There were eight patients (2%) 

considered lost to follow-up. These patients completed a full course of therapy but 

failed to return to the clinic for any SVR24 assessment (Figure 22).  
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Figure 22: Unadjusted treatment outcomes for the overall cohort and stratified per treatment regimen 
Fifteen patients discontinued treatment prematurely but achieved a SVR24; eleven patients treated with telaprevir/PR 
and four patients treated with boceprevir/PR. These patients are included in both the discontinuation and SVR 
calculations.  

 

5.4.1.1 Telaprevir/PR and Boceprevir/PR 

The unadjusted SVR24 rates were 74% (n=158/215) and 61% (n=57/94) for TPV/PR, 

and BOC/PR, respectively (Figure 22). Discontinuation and relapse rates were higher 

in the cohort treated with BOC/PR (34% and 7%, respectively). Prior to adjusting for 

confounding, the crude odds of SVR24 in patients treated with TPV/PR were 80% 

greater than those treated with BOC/PR (OR = 1.8, 95% CI 1.08-3, p = 0.025).  

 

The unadjusted SVR24 rates varied according to the presence or absence of baseline 

cirrhosis, prior treatment experience and GT1 subtype (Table 12). In the absence of 

cirrhosis, the SVR24 was 79% (n=113/143) for patients treated with TPV/PR and 65% 

(n=45/69) for patients treated with BOC/PR. Presence of cirrhosis led to SVR24 rates 

of 66% (n=36/55) and 50% (12/24) in TPV/PR and BOC/PR cohorts, respectively.  
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The SVR24 for treatment naïve patients treated with TPV/PR was 75% (n=109/146) 

and 57% (n=44/71) for patients who received BOC/PR. Previous treatment experience 

resulted in SVR24 rates of 73% and 62% in those treated with TPV/PR and BOC/PR 

respectively. The SVR24 rates were higher in GT1a and GT1b patients treated with 

TPV/PR compared with those treated with BOC/PR (71% and 84% vs. 59% and 58% 

for GT1a and GT1b TPV/PR and BOC/PR, respectively).   

 

5.4.1.2 Simeprevir/PR 

Given the limited amount of both baseline demographics and outcomes data available 

for patients treated with SMV/PR, the results obtained should be interpreted with 

caution given the small sample size and large quantity of missing baseline data. 

Applicability to the real world may be compromised. Additionally, given the limited 

number of SMV/PR patients included in the entire cohort, this subgroup was excluded 

from the PS analysis. 

 

The unadjusted SVR24 in patients treated with SMV/PR was 45% (n=13/29). 

Discontinuation and relapse rates were higher in the SMV/PR cohort (38% (n=11/29) 

and 17% (n=5/29), respectively) when compared with TPV/PR and BOC/PR (Figure 

22). SVR24 was not achieved in the three patients known to have cirrhosis. In the 

absence of cirrhosis, the SVR24 was 71% (n=10/14). The SVR24 was higher in the 

treatment naïve cohort (53%, n=8/15) compared to patients with previous treatment 

experience (50%, n=2/4).  In GT1a patients, the SVR24 was 46% (n=5/11) while none 

of the three GT1b patients achieved a SVR24. 
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Table 12: Unadjusted SVR rates among patients stratified by treatment choice and baseline HCV characteristics 

 Total* 

N=338 

TPV/PR* 

N=215 

BOC/PR* 

N=94 

SMV/PR* 

N=29 

 n/N SVR24 % 95% CI n/N SVR24 % 95% CI n/N SVR24 % 95% CI n/N SVR24 % 95% CI 

Overall 228/338 68 62.5-72.5 158/215 74 67.6-79.4 57/94 61 50.7-70.5 13/29 45 26.7-62.9 

Absence of cirrhosis 168/226 74 68.6-80 113/143 79 72.3-85.7 45/69 65 54-76.4 10/14 71 47.7-95.1 

Presence of cirrhosis 48/82 59 47.8-69.2 36/55 66 52.9-78.1 12/24 50 30-70 0/3 0 - 

             

Treatment naïve 161/232 69 63.5-75.3 109/146 75 67.6-81.8 44/71 57 36.2-76.4 8/15 53 28.1-78.5 

Treatment-experienced 63/93 68 58.2-77.2 48/66 73 62-83.4 13/23 62 50.7-73.3 2/4 50 1-99 

             

Genotype 1a 120/183 66 58.7-72.5 84/119 71 62.4-78.8 31/53 59 45.2-71.8 5/11 46 16.1-74.9 

Genotype 1b 64/89 72 62.6-81.2 46/55 84 78.8-93.4 18/31 58 40.7-70.5 0/3 0 - 

Genotype 1 (no subtype) 44/64 69 57.9-80.9 28/41 68 54.7-83.7 8/10 80 55.2-104.8 8/13 62 35-88 

*Missing data are a common problem with observational data. Percentages are calculated based on the proportion of available data 
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5.4.2 Propensity Score Matched Analysis 

Prior to applying PS matching, a comparison of confounders between the TPV/PR and 

BOC/PR groups was completed. The standardised difference of confounding variables 

prior to matching is presented in Table 13. Variables with a standardised difference 

greater than 0.1 exhibited imbalance between the two treatment groups.   

 

Table 13: Standardised difference of confounding variables between TPV/PR and BOC/PR patients prior to 
matching 

 Mean TPV/PR Mean BOC/PR Standardised Difference 

Treatment-experienced 0.31 0.24 0.154 

Presence of cirrhosis 0.29 0.26 0.058 

Age 45.73 47.62 -0.174 

BMI 26.7 26.73 -0.006 

Baseline HCV>800,000IU/ml 0.49 0.6 -0.203 

GT1 0.19 0.11 0.225 

GT1b 0.26 0.33 -0.153 

IL28B CT 0.49 0.53 -0.072 

IL28B TT 0.17 0.11 0.119 

BMI = body mass index 

 

5.4.2.1 Naïve Matching 

After matching, ninety-four matched pairs were formed. The standardised difference of 

confounding variables after naïve matching showed improvements in the balance 

between the two groups (Table 14).   

 

The adjusted SVR24 rates were 73% (n=69/94) and 61% (n=57/94) for TPV/PR and 

BOC/PR, respectively. The adjusted odds of SVR24 in patients treated with TPV/PR 

were 76% greater than those treated with BOC/PR (OR = 1.76, 95% CI 0.868-3.58, p = 

0.116).  

 

5.4.2.2 Matching with a 0.1 Caliper Limit 

After matching and applying a caliper width limit of 0.1, ninety matched pairs were 

formed. Four pairs were excluded after the caliper limit was applied due a difference in 
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the logit of the PS being greater than 0.1. The confounding variables after matching 

showed greater balance than prior to matching (Table 14). 

 

The adjusted SVR rates were 73% (n=66/90) and 60% (n=54/90) for TPV/PR and 

BOC/PR, respectively. The adjusted odds of SVR24 in patients treated with TPV/PR 

were 87% greater than those treated with BOC/PR (OR = 1.87, 95% CI 0.89-3.95, p = 

0.097).  

 

5.4.2.3 Matching with a 0.2 Caliper Limit 

After increasing the caliper width limit to 0.2, ninety-one matched pairs were formed. 

Three pairs were excluded after this width limit of 0.2 was applied. After matching, the 

standardised difference for all covariates was less than 0.1 (Table 14). 

 

The adjusted SVR24 rates were 74% (n=67/91) and 60% (n=57/91) for TPV/PR and 

BOC/PR, respectively. The adjusted odds of SVR24 in patients treated with TPV/PR 

were 85% greater than those treated with BOC/PR (OR = 1.85, 95% CI 0.883-3.88, p = 

0.102).  

 

Table 14: Standardised difference of confounding variables between TPV/PR and BOC/PR after the three 
approaches to matching  

 After naïve matching After 0.1 caliper limit After 0.2 caliper limit 

Treatment-experienced 0.000 0.04 0.04 

Presence of cirrhosis 0.000 0.022 0.022 

Age -0.014 0.011 0.016 

BMI -0.003 -0.005 -0.002 

Baseline HCV>800,000IU/ml 0.019 0.019 0.019 

GT1 -0.022 0.000 0.000 

GT1b 0.019 0.039 0.039 

IL28B CT 0.018 -0.018 -0.018 

IL28B TT 0.027 0.072 0.028 

BMI = body mass index 
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Figure 23 illustrates the SVR24 rates prior to and after applying the PS matching 

methodology. There is no significant change in the treatment effect after PS matching.  

 

 
Figure 23: Unadjusted and adjusted SVR24 rates  
This illustrates that the SVR24 rates after propensity score matching were comparable with the SVR24 rates prior to 
matching. 

 

5.4.3 Comparison with Clinical Trial Data 

Pivotal TPV/PR and BOC/PR clinical trials were undertaken exclusively in treatment 

naïve or treatment-experienced patients. Comparison of the adjusted outcomes from 

this study with clinical trial data demonstrates that the adjusted SVR24 rates in both the 

TPV/PR and BOC/PR groups are comparable to those obtained in the clinical trials. In 

the TPV/PR treatment-experienced group, the adjusted SVR24 rates in this study 

demonstrate an improvement on the SVR24 rates obtained in the trials while the 

adjusted SVR24 rates for the BOC/PR treatment-experienced are lower in this study 

when compared with the clinical trial data (Figure 24).  
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Figure 24: Comparison of the SVR24 rates between pivotal clinical trials and this study after adjusting for 
confounding. 

 

5.4.4 Comparison with Other International Real World Studies 

A number of other real world studies assessing the effectiveness of TPV/PR and 

BOC/PR were initiated in the USA and Europe. We compared the SVR24 rates from 

our cohort with outcomes reported in the US-based HCV-TARGET study and the 

German-based PAN study (Figure 25) 290, 338. In the TPV/PR cohorts, a statistically 

significant difference was observed in the SVR24 rates between this study and both the 

HCV-TARGET and PAN studies (p<0.05). In the BOC/PR cohorts, a statistically 

significant difference was observed between our study and the HCV-TARGET (p<0.05) 

study but the difference between our study and the PAN study was not statistically 

significant (p=0.141). 
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Figure 25: Comparison of the SVR24 rates between this study and other international real world studies 

 

5.5 Discussion – Sub-study 1 

For the IFN-based regimens, adjusted SVR24 rates, following PS matching were 

reported for TPV/PR and BOC/PR. The effectiveness rate in the TPV/PR cohort was 

superior to the BOC/PR cohort. This was driven by a greater proportion of premature 

discontinuations in those treated with BOC/PR. We excluded SMV/PR from the PS 

analysis due to the limited patient numbers and thus, unadjusted SVR24 rates were 

presented. The outcomes in patients treated with SMV/PR were disappointing, with a 

SVR24 rate of 45%, in addition to a high discontinuation rate. However, given the 

limited patient numbers, this data should be interpreted with caution.   

 

After completing the three approaches to PS matching and adjusting for confounding in 

our data, we conclude that there was no difference in the SVR24 rates of the TPV/PR 

and BOC/PR groups prior to, and after PS matching (Figure 23). However, the small 

sample size limits the conclusions that can be made about the effect of PS matching. 

While p-values after matching contrasted with the p-value before matching (p-values 

were statistically significant after matching), the wide confidence intervals indicate 

significant uncertainty surrounding the outcomes. Propensity score adjustment remains 
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a tool that can be applied to future analysis. However, we suggest, where possible, 

using a larger sample size in order to reduce the uncertainty around the outcomes. 

 

Comparison of the SVR24 rates in TPV/PR treatment naïve and treatment-experienced 

subgroups with the ADVANCE and ILLUMINATE treatment naïve and REALIZE 

treatment-experienced clinical trials indicated that the outcomes for these treatment 

regimens in the real world clinical setting in Ireland are comparable, or better, than 

those reported in these trials 97-99. The adjusted SVR24 rates in our TPV/PR treatment-

experienced group were between 7-10% higher than those observed in the REALIZE 

trial. The adjusted SVR24 rates in our BOC/PR treatment naïve group were 

comparable with outcomes from the SPRINT-1 and SPRINT-2 clinical trials but the 

results in the RESPOND trial were approximately 5% greater than the adjusted SVR24 

rates in our BOC/PR treatment-experienced group 103, 105. 

 

The SVR outcomes were also compared with other international real world studies. The 

SVR24 rate from the Irish national HCV registry compared favourably with the 

outcomes from other international real world studies. Comparing key baseline 

demographics and HCV characteristics between the three studies demonstrated that 

our cohort was younger and had a higher proportion of males. However, our Irish 

cohort did include a lower proportion of patients with previous treatment experience 

while the proportion of patients with cirrhosis was lower than in the HCV-TARGET 

study but higher than the proportion in the PAN study 290, 338. These demographic 

details suggest that the cohorts in the HCV-TARGET and PAN studies would be 

considered more difficult-to-treat than the Irish cohort and therefore, is reflected in the 

lower SVR24 rates reported in these studies.  
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5.6 Results – Sub-study 2 

Between December 2014 and June 2015, 101 patients, treated with SOF/LDV±RBV for 

12 weeks under the EAP, completed treatment (to SVR12 or premature 

discontinuation). Three-quarters were GT1 (74%) and 24% were GT3. The remaining 

two patients were GT4 and mixed GT. The majority of patients were male (64%) and 

between the ages of 40 and 64 years (72%) with a median age of 54 years (IQR 47-

61). There were fifteen patients with CTP A cirrhosis who were included in the EAP on 

the basis of previous history of decompensation or were post orthotopic liver transplant. 

The remaining 85% had a CTP score B or C. Half of the patients had failed to respond 

to previous HCV treatment; 39% had failed to respond to the dual therapy combination 

of PR, while 12% had failed to respond to treatment with a first-generation protease 

inhibitor, TPV/PR, BOC/PR or SMV/PR (Table 15).   
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Table 15: Baseline demographics of the n=101 patients treated with SOF/LDV±RBV under the EAP 

 Total* 

n=101 

Died on Treatment* 

n=8 

Survived treatment* 

n=93 

Median age (IQR), yrs. 54 (47-61) 50 (46-52) 54 (47-62) 

18-39, n (%) 10/101 (9.9) - 10/93 (10.8) 

40-64, n (%) 73/101 (72.3) 8/8 (100) 65/93 (69.9) 

≥65, n (%) 18/101 (17.8) - 18/93 (19.4) 

Male, n (%) 65/101 (64.4) 5/8 (62.5) 60/93 (64.5) 

Median ALT (range), IU/L 57 (14-350) 43 (21-64) 57 (14-350) 

Median albumin (range), g/dL 31 (20-44 32 (27-75) 31 (20-44) 

Median haemoglobin (range), g/dL 12.8 (8.1-16.5) 12.3 (10.8-16.5) 12.8 (8.1-16.5) 

Median platelet count (range), x103/μL 79 (15-294) 46 (29-195) 81 (15-294) 

Median bilirubin (range), μmol/L 22 (4-117) 25 (8-86) 22 (4-117) 

History of decompensation, n (%) 32/101 (31.7) 3/8 (37.5) 29/93 (31.3) 

MELD score (range), 10 (6-24) 11 (10-24) 10 (6-23) 

0-9, n (%) 34/84 (41.7) - 35/78 (44.9) 

10-15, n (%) 40/84 (47.6) 4/6 (66.6) 36/78 (46.1) 

16-21, n (%) 7/84 (8.3) 1/6 (16.7) 6/78 (7.7) 

21+, n (%) 2/84 (2.4) 1/6 (16.7) 1/78 (1.3) 

HCV Genotype    

1a, n (%) 29/101 (28.7) 4/8 (50) 25/93 (26.9) 

1b, n (%) 19/101 (18.8) - 19/93 (20.4) 

1 (no subtype), n (%) 27/101 (26.7) - 27/93 (29) 

2, n (%) - - - 

3, n (%) 24/101 (23.8) 4/8 (50) 20/93 (21.5) 

4, n (%) 1/101 (1) - 1/93 (1.1) 

Mixed, n (%) 1/101 (1) - 1/93 (1.1) 

Treatment experienced, n (%) 51/101 (50.5) 1/8 (12.5) 50/93 (53.8) 

Dual therapy, n (%) 39/101 (38.6) 1/8 (12.5) 38/93 (40.9) 

PI/PR, n (%) 12/101 (11.9)  12/93 (12.9) 

Child-Pugh Score    

A, n (%) 15/101 (14.9) - 15/93 (16.1) 

B, n (%) 67/101 (66.3) 4/8 (50) 63/93 (67.8) 

C, n (%) 19/101 (18.8) 4/8 (50) 15/93 (16.1) 

HIV Co-infected, n (%) 17/101 (16.8) 2/8 (25)  15/93 (16.1) 

Median baseline HCV-RNA IU/ml (range)** 366126 (0-5897884) 137970 (0-574654) 408888 (0-5897884) 

MELD = Model for end-stage liver disease, IQR = interquartile range, ALT = alanine aminotransferase 
*Missing data are a common problem with observational data. Percentages are calculated based on the proportion of 
available data.  
** Three patients that commenced treatment were later found to have undetectable viremia at baseline. These patients 
had previously presented with detectable HCV-RNA.  

 

5.6.1 Effectiveness 

The rate of SVR12 obtained for this cohort was 74% (n=75/101). There was a 

statistically significant difference in the SVR12 rate in GT1-infected patients compared 

with GT3-infected patients (87% (n=65/75) vs. 42% (n=10/24), p<0.0001) (Table 16). 

Given the poor response of GT3 patients to treatment with SOF/LDV±RBV for 12 

weeks (the treatment duration stipulated in the terms of the EAP by the manufacturer), 
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and following on from the revised EASL 2015 guidelines 122, SOF/LDV±RBV is no 

longer recommended for use in GT3 patients. 

 

Table 16: Treatment outcomes stratified by genotype for patients treated with SOF/LDV±RBV under the EAP 

 GT1 

n=75 

GT3 

n=24 

GT4 

n=1 

Mixed GT 

n=1 

Total 

n=101 

 n/N % n/N % n/N % n/N % n/N % 

SVR12 65/75 87 10/24* 41.7 - - - - 75/101* 74.3 

Relapse rate 4/75 5 9/24 27.5 1/1 100 1/1 100 15/101 14.9 

Lost to follow-up 1/75 1 - - - - - - 1/101 1 

Discontinuation rate 5/75 7 6/24 25  - - - 11/101 10.9 

*One patient discontinued treatment prematurely but achieved a SVR12 - This patient is included in both the 
discontinuation and SVR calculations.  
 

 

5.6.2 Safety and Tolerability 

The premature discontinuation rate was 11% (n=11/101) in this cohort, of whom 8 

patients (8%) died while receiving treatment. Reasons for discontinuation in the 

remaining three patients included non-compliance with the treatment regimen (n=1), 

unexpected undetectable HCV-PCR at baseline (n=1, discontinued after three weeks 

of therapy), and relapse into drug use (n=1).  

 

Our on-treatment mortality rate was considered high and thus, prompted a closer 

examination of the baseline demographics and HCV characteristics of the eight 

patients (Table 15). The median age was 50 years. All received treatment with 

SOF/LDV+RBV. GT1a and GT3 were represented in a 1:1 ratio. Four of these patients 

had CTP B cirrhosis at baseline, which represented 6% of all patients with CTP B. The 

remaining four patients were CTP C and represented 21% of all CTP C patients in this 

cohort. While the subgroups were too small to determine statistical significance, the 

mean platelet count in those who deceased on treatment (46 x103/μL) was significantly 

lower than in those patients who survived treatment (81 x103/μL). The causes of death 

for the eight patients were liver failure (n=2), intracerebral haemorrhage (n=2), sepsis 

(n=2), complications from pre-existing HCC (n=1) and cardiac arrest (n=1). Of note, 
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while there were 8 on treatment deaths, there was no mortality in the 12 weeks post-

treatment through to SVR12 and provides evidence to justify further trials to study the 

use of these treatment regimens in patients with CTP cirrhosis.  

 

5.6.3 Subgroup Analysis  

Subgroup analysis was completed to compare the SVR12 rates between patients with 

CTP A, B or C. The SVR rate in patients with CTP A, B and C cirrhosis was 60% 

(n=9/15), 82% (n=55/67) and 58% (n=11/19), respectively. There was a statistically 

significant difference in the SVR12 rate between the three groups (p=0.049). The rate 

of premature discontinuation was highest in those with CTP C cirrhosis, with 21% (n=4) 

ceasing treatment early as a result of on-treatment mortality (Figure 26).  

 

 
Figure 26: Outcomes stratified by CTP status 

 

5.6.4 Comparison with Other Clinical Studies 

At present, one clinical trial, SOLAR-1, has been published which reported the efficacy 

and safety of SOF/LDV+RBV in patients with advanced liver disease, including those 

with decompensated cirrhosis 304. The baseline demographics of the patients included 

in the SOLAR-1 study were compared with the patients treated under the Irish EAP 
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(Table 17). SOLAR-1 included a cohort of GT1-infected patients with CTP B or CTP C 

cirrhosis randomised to treatment with 12 or 24-weeks of SOF/LDV+RBV. In the EAP, 

the patients were younger, had a statistically significantly lower proportion of patients 

with GT1 HCV infection (p=0.0008) and a lower proportion of patients with CTP C 

cirrhosis (p=0.0198). SOLAR-1 did not include any patients with GT3 HCV infection or 

patients with CTP A cirrhosis. 

 

Table 17: Key baseline demographic and HCV characteristics for patients treated in the SOLAR-1 clinical trial or 
and Irish EAP 

 
Irish EAP 

n=101 

SOLAR-1 

CTP B 

n=30 

SOLAR-1 

CTP C 

n=21 

Median age (IQR), yrs. 54 (47-61) 60 (53-63) 58 (53-61) 

Male, (%) 64.4 73 61 

MELD score (range), 10(6-24) N/A N/A 

0-9, n (%) (42/101) 42 (6/30) 20 - 

10-15, n (%) (49/101) 48 (21/30) 70 (15/21) 70 

16-21, n (%) (8/101) 8 (3/30) 10 (6/21) 30 

21+, n (%) (2/101) 2 - - 

HCV Genotype    

1a, n (%) 

(75/101) 74 (29/30) 97 (19/21) 91 1b, n (%) 

1 (no subtype), (%) 

2, n (%) - - - 

3, n (%) (24/101) 24 - - 

4, n (%) (1/101) 1 (1/30) 3 (2/21) 9 

Mixed, (%) (1/101) 1 - - 

Treatment experienced, n (%) (51/101) 51  (22/30) 73 (10/21) 48 

Dual therapy, n (%) (39/101) 39 (10/30) 33 (7/21) 35 

PI/PR, n (%) (12/101) 12 (9/30) 30 (2/21) 9 

Other, n (%) - (3/30) 10 (1/21) 4 

Child-Pugh Score    

A, n (%) (15/101) 15 - - 

B, n (%) (67/101) 66 (27/30) 90 (6/21) 30 

C, n (%) (19/101) 19 (3/30) 10 (15/21) 70 

IQR = interquartile range, PI/PR = protease inhibitor + pegylated interferon and ribavirin 
N/A = Not available 

 

In SOLAR-1, the SVR12 rate in patients with CTP B cirrhosis treated for 12 weeks 

(n=30) was 86% while 10% relapsed following treatment and one patient died on 

treatment. In those with CTP C cirrhosis treated for 12 weeks (n=21), the SVR12 was 

85%. One patient relapsed following treatment and one patient died while on treatment. 
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Figure 27 compares the SVR12 rates between patients with GT1 HCV infection in the 

SOLAR-1 study and the Irish EAP. The SVR12 rate for GT1-infected patients with CTP 

C cirrhosis in SOLAR-1 was greater than in the Irish EAP however, there was no 

statistically significant difference the SVR12 rates in the CTP B (p=0.74) and CTP C 

(p=0.55) cohorts between the two studies.  

 

 
Figure 27: Comparison of SVR12 rates in patients with GT1 HCV infection between SOLAR-1 and the Irish EAP 
*Note: No patient with CTP A cirrhosis was included in the SOLAR-1 study.  

 

5.6.5 Comparison with the Real World NHS Early Access Program 

The baseline demographics of the 101 patients treated under the Irish EAP were 

compared to the National Health Service (NHS) EAP in the UK 330. The Irish EAP had a 

higher proportion of patients with GT1 infection (75% vs. 49%; p=0.002) and fewer that 

were treatment-experienced (51% vs. 61%; p=0.06). The prevalence of patients with 

CTP C cirrhosis was higher in the Irish cohort (19% vs. 9%; p=0.005) (Table 18).  
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Table 18: Key baseline demographic and HCV characteristics for patients treated in the Irish and NHS EAP 

 Irish EAP 

n=101 

NHS EAP 

n=467 

Median age (IQR), yrs. 54 (47-61) 54 (28-80)# 

Male, (%) 64.4 73 

MELD score (range), 10(6-24) 11 (6-32) 

HCV Genotype   

1a, n (%) 

(75/101) 74 (231/467) 50 1b, n (%) 

1 (no subtype), n (%) 

3, n (%) (24/101) 24 (192/467) 41 

Other (2/101) 2 (44/467) 9 

Treatment experienced, n (%) (51/101) 51 (284/467) 61 

Dual therapy, n (%) (39/101) 39 (267/467) 57 

PI/PR, n (%) (12/101) 12 (17/467) 4 

Other, n (%) - - 

Child-Pugh Score   

A, n (%) (15/101) 15 (105/467) 23 

B, n (%) (67/101) 66 (319/467) 68 

C, n (%) (19/101) 19 (43/467) 9 

IQR = interquartile range, PI/PR = protease inhibitor + pegylated interferon and ribavirin 
#The range around the median age was provided but no IQR. 

 

Overall, the SVR12 rate in the Irish EAP was lower than in the NHS EAP (74% vs. 

82%; p=0.093)). However, in the GT1-infected cohorts, the SVR12 rates were broadly 

similar, 87% in the Irish EAP and 92% in the NHS EAP (p=0.349). 

 

Our on-treatment mortality rate was twice the rate of both the NHS EAP study (8% vs. 

3.6%; p=0.057) and the SOLAR-1 study (8% vs. 3.8%; p=0.334). This highlights the 

concerns there are with treating this cohort of patients with advanced liver disease in 

the real world. On-treatment mortality in patients with CTP B cirrhosis at baseline was 

6%, whereas the mortality in those with CTP C cirrhosis was 21%.  

 

5.7 Discussion – Sub-study 2 

In the cohort of HCV-infected individuals with advanced liver disease and/or 

decompensated cirrhosis treated with SOF/LDV±RBV for 12 weeks, the rate of SVR12 

was 74%. However, the SVR12 rate in the GT3 HCV infected subgroup was 42%, 
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which when compared to the SVR12 rate of 87% in the GT1 subgroup, resulted in the 

lower overall SVR12. The low SVR12 rate in GT3-infected individuals was due to the 

fact that these patients were treated with a combination regimen that included 

ledipasvir, a DAA found to have low antiviral activity in GT3-HCV infection, and 

therefore, these patients were being under-treated. The discontinuation rate was 11% 

of whom eight died while receiving treatment. Thus, as anticipated, discontinuation 

owing to non-compliance, AEs and other factors was considerably lower than in the 

IFN-based cohort of patients, where discontinuation rates ranged between 26% and 

38%. This was due to the lower side-effect profile and shortened duration of treatment 

of the IFN-free combination regimens. The mortality rate of 8% was considered high 

and further investigation revealed that 6% of all patients included in this cohort with 

CTP B cirrhosis died while receiving treatment. Of greater concern was the fact that 

21% of patients with CTP C cirrhosis died while receiving treatment suggesting that in 

patients with advanced liver disease, in particular those with CTP C cirrhosis, antiviral 

therapy carries a significant risk and clinicians should consider very carefully the 

risk/benefit of therapy versus rapid transplantation in such patients.  

 

When we compared the overall SVR12 rate from this sub-study with the outcomes 

reported in the SOLAR-1 clinical trial, the lower SVR12 in our study is attributed to the 

treatment of a cohort of GT-3 infected patients with a combination regimen that 

included ledipasvir as per the Summary of Product Characteristics (SPC). However, 

ledipasvir was subsequently found to demonstrate low antiviral activity in GT3 infection 

and was removed from the list of recommended GT3 regimens in 2015 7, 122. When we 

compared the outcomes in GT1-infected individuals exclusively, the SVR12 rate in CTP 

B patients was comparable but was lower in patients with CTP C cirrhosis in our study. 

The high mortality rate in our study can explain for this difference.  
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There was particular interest in comparing the outcomes in our decompensated cohort 

study with the NHS EAP, considering both studies applied identical inclusion criteria 330, 

361. While the overall SVR12 rate in the Irish EAP was lower than the rate in the NHS 

EAP study, the SVR12 rate in GT1-infected patients treated with SOF/LDV±RBV in the 

two studies was comparable. With a higher proportion of patients with CTP C cirrhosis 

included in the Irish EAP, the on-treatment mortality rate was approximately twice that 

of the NHS EAP. As result of this analysis, treatment guidelines in Ireland were 

amended and patients with advanced liver disease (CTP C) were no longer considered 

suitable for treatment and were instead referred to the national transplantation unit for 

assessment. 

 

5.8 Results – Sub-study 3 

Between April 2015 to July 2016, 205 patients with compensated cirrhosis (CTP A) had 

completed treatment (to SVR12 or premature discontinuation) with IFN-free regimens, 

of whom n=150 were GT1 (73%), n=3 were GT2 (1.5%), n=41 were GT3 (20%), n=10 

were GT4 (5%) while one patient was classified as mixed GT (0.5%). The majority of 

patients were male (65%) and between the ages of 40 and 64 years (76%) with a 

median age of 51 (IQR 45-60). A MELD score less than 10 was present in 83% of the 

cohort. A high proportion of patients had failed to respond to, or relapsed following, 

previous HCV treatment (44%); 30% failed to respond to, or relapsed following, 

treatment with PR treatment and 14% had failed to respond to, or relapsed following, 

treatment with a first-generation protease inhibitor triple therapy combination, TPV/PR, 

BOC/PR or SMV/PR (Table 19).  
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Table 19: Baseline demographics of the n=205 patients with compensated cirrhosis treated with IFN-free regimens 

 Total* 

n=205 

SOF/LDVRBV* 

n=74 

3DRBV* 

n=83 

SOF/DCVRBV* 

n=48 

Median age (IQR), yrs. 51 (45-60) 52 (46-61) 55 (47-62) 48 (42-54) 

18-39, n (%) 22/205 (10.7) 8/74 (10.8) 6/83 (7.2) 8/48 (16.6) 

40-64, n (%) 156/205 (76.1) 55/74 (74.3) 63/83 (75.9) 38/48 (79.2) 

≥65, n (%) 27/205 (13.2) 11/74 (14.9) 14/83 (16.9) 2/48 (4.2) 

Male, n (%) 133/205 (64.9) 49/74 (66.2) 50/83 (60.2) 34/48 (70.8) 

Median ALT (IQR), IU/L 78 (51-124) 75 (53-126) 70 (48-105) 96 (51-161) 

Median albumin (IQR), g/dL 40 (36-43) 41 (37-43) 39 (34-43) 39 (35-43) 

Median haemoglobin (IQR), g/dL 14.1 (13.5-15.6) 14.1 (13.6-15.4) 14 (13.5-15.8) 14.5 (13.8-15.7) 

Median platelet count (IQR), x103/μL 130 (83-166) 142 (86-180) 127 (93-167) 112 (67-148) 

Median MELD score (IQR) 7 (6-9) 7 (6-9) 7 (6-9) 7 (6-9) 

0-9, n (%) 108/130 (83.1) 36/43 (83.7) 47/55 (85.5) 25/32 (78.1) 

10-15, n (%) 18/130 (13.9) 7/43 (16.3) 4/55 (7.3) 7/32 (21.9) 

16-21, n (%) 2/130 (1.5) - 2/55 (3.6) - 

21+, n (%) 2/130 (1.5) - 2/55 (3.6) - 

HCV Genotype, n (%)     

1a 67/205 (32.6) 38/74 (51.3) 29/83 (34.9) - 

1b 56/205 (27.3) 18/74 (24.3) 38/83 (44.6) 1/48 (2.1) 

1 (no subtype) 27/205 (13.2) 9/74 (12.2) 16/83 (19.3) 2/48 (4.2) 

2 3/205 (1.5) - - 3/48 (6.2) 

3 41/205 (20) - - 41/48 (85.4) 

4 10/205 (4.9) 8/74 (10.8) 1/83 (1.2) 1/48 (2.1) 

Mixed 1/205 (0.5) 1/74 (1.4) - - 

Treatment experienced, n (%) 89/202 (44.1) 38/74 (51.4) 33/80 (41.3) 18/48 (37.5) 

Dual therapy 61/202 (30.2) 18/74 (24.4) 28/80 (35) 15/48 (31.2) 

PI/PR 28/202 (13.9) 20/74 (27) 5/80 (6.3) 3/48 (6.3) 

IQR = interquartile range, ALT = alanine aminotransferase. PI/PR = protease inhibitor + pegylated interferon and ribavirin, CTP = Child’s Turcotte Pugh score 
*Missing data are a common problem with observational data. Percentages are calculated based on the proportion of available data
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5.8.1 Effectiveness 

5.8.1.1 Genotype 1 

In GT1-infected individuals treated with SOF/LDV±RBV and 3DRBV (n=150), the 

overall SVR12 rate was 89%, 89% in GT1 (no subtype), 87% in GT1a patients and 

91% in GT1b. SVR12 rates were 88% for SOF/LDV±RBV and 90% for 3DRBV (Table 

20). Three GT1-infected individual were treated with SOF/DCV±RBV, two achieved a 

SVR12 and the remaining patient had not returned for a SVR12 assessment and was 

considered lost to follow-up. The odds of a SVR12 in a patient treated with 3DRBV 

was 1.3 times the odds of a SVR12 in those treated with SOF/LDV±RBV (OR=1.3, 

p=0.622, 95% CI 0.459-3.67). The proportion of patients who relapsed was higher 

amongst the SOF/LDV±RBV cohort (4.6%, n=3/65) compared with the 3DRBV cohort 

(2.4%, n=2/82). Overall, seven patients discontinued treatment prematurely. Two 

patients who died on treatment were categorised as discontinuing treatment 

prematurely and having failed to achieve a SVR12. Seven patients were considered 

lost to follow-up. These patients completed a full course of therapy but failed to return 

for a SVR12 assessment. 

 

Table 20: Treatment outcomes stratified by regimen for patients with genotype 1 HCV infection 

 SOF/LDV±RBV 

n=65 

3DRBV 

n=82 

SOF/DCV±RBV 

n=3 

Total 

n=150 

 n/N % n/N % n/N % n/N % 

SVR12, n (%) 57/65# 87.7 74/82# 90.2 2/3 66.7 133/150# 88.7 

Relapse rate, n (%) 3/65 4.6 2/82 2.4 - - 5/150 3.3 

Lost to follow-up, n (%) 3/65 4.6 3/82 3.7 1/3 33.3 7/150 4.7 

Discontinuation rate, n (%) 3/65 4.6 4/82 4.9 - - 7/150 4.7 

# Two patients, one treated with SOF/LDVRBV and one with 3DRBV discontinued treatment prematurely but 
subsequently achieved a SVR12.  
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5.8.1.2 Genotype 3 

All GT3-infected individuals (n=41) were treated with SOF/DCVRBV for 24 weeks in 

accordance with current recommendations. The SVR12 rate for this cohort of patients 

was 85% (n=35/41). There were no patients who relapsed following treatment 

completion. Premature treatment discontinuation occurred in 12% (n=5/41) (Table 21).  

 

Table 21: Treatment outcomes for patients with genotype 3 infection 

 Total 

n=41 

 n/N % 

SVR12, n (%) 35/41 85.4 

Relapse rate, n (%) - - 

Lost to follow up, n (%) 1/41 2.4 

Discontinuation rate, n (%) 5/41 12.2 

 

5.8.1.3 Other Genotypes 

Fourteen additional patients with GT2 (n=3), GT4 (n=10) and one with mixed GT HCV 

infection were treated. GT2-infected patients were treated with SOF/DCV±RBV. Eight 

GT4 patients were treated with SOF/LDV±RBV, one treated with 3DRBV, one patient 

was treated with SOF/DCV±RBV and the remaining mixed GT patient was treated with 

SOF/LDV±RBV. All fourteen patients achieved a SVR12. 

 

5.8.2 Subgroup Analysis  

Overall, SVR12 rates in treatment-experienced individuals were better than in 

treatment naïve individuals (91% vs. 87%). The SVR12 rates in individuals previously 

treated with dual therapy was 93% (94% with SOF/LDV±RBV, 93% with 3DRBV and 

93% with SOF/DCV±RBV) while in those previously treated with protease-inhibitor 

triple therapy, the SVR12 rate was 86% (90% with SOF/LDV±RBV, 60% with 3DRBV 

and 100% with SOF/DCV±RBV) (Table 22). There was no statistically significant 

difference in the SVR12 rates between treatment naïve and treatment-experienced 
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individuals irrespective of whether these patients had previously been treated with 

dual- or triple therapy combinations. 

  

Table 22: SVR12 rates stratified by treatment regimen and HCV characteristics  

 Total* 

n=205 

SOF/LDVRBV* 

n=74 

3DRBV* 

n=83 

SOF/DCVRBV* 

n=48 

 n/N % n/N % n/N % n/N % 

Overall 182/205 88.8 66/74 89.2 75/83 90.4 41/48 85.4 

TN 98/113 86.7 31/36 86.1 43/47 91.5 24/30 80 

TE 81/89 91 35/38 92.1 29/33 87.9 17/18 94.4 

       Dual 57/61 93.4 17/18 94.4 26/28 92.9 14/15 93.3 

       PI/PR 24/28 85.7 18/20 90 3/5 60 3/3 100 

         

GT1a 58/67 86.6 32/38 84.2 26/29 89.7 - - 

GT1b 51/56 91.1 17/18 94.4 34/37 91.9 1/1 100 

GT1 (no subtype) 24/27 88.9 8/9 88.9 14/16 87.5 2/2 100 

GT3 35/41 85.4 - - - - 35/41 85.4 

         

GT 1 TN 69/79 87.3 26/31 83.9 43/47 91.5 1/1 100 

 TE 61/68 89.7 31/34 91.2 28/32 87.5 2/2 100 

GT3 TN 23/28 82.1 - - - - 23/28 82.1 

 TE 12/13 92.3 - - - - 12/13 92.3 

TN = Treatment naïve, TE = Treatment experienced, GT = genotype 
*Missing data are a common problem with observational data. Percentages are calculated based on the proportion of 
available data 

 

5.8.3 Safety and Tolerability 

Ninety-four percent of the entire cohort of patients with compensated cirrhosis 

completed a full course of treatment. Two patients died while on therapy. The rate of 

discontinuation was 4% in those treated with SOF/LDV±RBV (n=3/71) and 5% in those 

treated with 3DRBV (n=4/82). In the SOF/DCV±RBV cohort, 10% (n=5/48) 

discontinued treatment prematurely. Reasons for discontinuation are outlined in Table 

23. 
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Table 23: Reasons for discontinuation and cause of death stratified according to treatment regimen.  

 SOF/LDVRBV 

n=74 

3DRBV 

n=83 

SOF/DCVRBV 

n=48 

Discontinued, n (%) 3/74 (4.2) 4/83 (4.8) 5/48 (10.4) 

   AE - 1/83 (1.2) 1/48 (2.1) 

   Non-compliance 1/74 (1.4) - 3/48 (6.2) 

   HCV-PCR undetectable at baseline 1/74 (1.4) - 1/48 (2.1) 

   Disease progression - 1/83 (1.2) - 

   Drug relapse - 1/83 (1.2) - 

   Death - Liver decompensation 1/74 (1.4) - - 

   Death - Drug-induced liver injury - 1/83 (1.2) - 

AE = adverse event 

 

Overall, the on-treatment mortality rate was 1% (n=2). Both patients were GT1-infected 

patients, one treated with SOF/LDV+RBV and one with treated with 3D+RBV. Both 

were male and co-infected with HIV. One of the two patients had previously failed 

treatment with protease inhibitor triple therapy. The causes of death were liver 

decompensation and drug-induced liver injury.  

 

5.8.4 Propensity Score Stratification 

Propensity scoring was applied to the GT1 cohort of patients treated with 

SOF/LDV±RBV and 3DRBV. Prior to applying PS stratification, a comparison of 

confounders between the SOF/LDV±RBV and 3DRBV groups was completed. 

Variables with a standardised difference greater than 0.1 indicated that there was an 

imbalance between the two treatment groups (Appendix 2 Table A 7).   

 

After stratification, five strata were formed and the standardised difference for six of the 

seven covariates was less than 0.1 (Appendix 2 Table A 8). One covariate, previous 

protease inhibitor triple therapy experience, had a standardised difference of -0.117 

after stratification. Despite making adjustments to the model and covariates, a 

standardised difference <0.1 for all covariates was not achieved. After controlling for 

confounding, the adjusted SVR12 rates for both SOF/LDV±RBV and 3DRBV were 
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85% and 89%, respectively. The adjusted odds of SVR in patients treated with 

3DRBV were 1.09 times the odds of SVR in patients treated with SOF/LDV±RBV (OR 

= 1.09, p=0.623, 95% CI  0.76-1.51).  

 

5.8.5 Comparison with Clinical Trials 

Supporting evidence for the licensing of the IFN-free regimens for patients with 

compensated cirrhosis were obtained from a number of phase II/III clinical trials.  Three 

published clinical trials included patients with GT1 infection treated with 

SOF/LDV±RBV, namely ION1, ION2 and SIRIUS 125, 126, 305. One trial, TURQUOISE-II, 

assessed the response to 3DRBV 130 in GT1-infected patients while the ALLY-3 study 

investigated the response of patients with GT3 infection to SOF/DCVRBV 362. The 

absolute difference in SVR12 rates between the SOF/LDVRBV GT1 clinical trials and 

the national HCV registry GT1 dataset were -9% and 4% for ION1 and ION2, 

respectively and -8% for the SIRIUS study (Figure 28). The absolute difference in 

SVR12 rates between GT1-infected patients treated with 3DRBV in the Irish registry 

study and in the TURQUOISE-II study was -4% (Figure 29). In the GT3 cohort, the 

absolute difference in SVR rates in the ALLY-3 study and this study was 22% (Figure 

30).   
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Figure 28: Comparison of SVR12 rates between the clinical trials and the national registry for GT1 infected 

patients with cirrhosis treated with SOF/LDV±RBV 

 

 

 
Figure 29: Comparison of SVR12 rates between the clinical trials and the national registry for GT1 infected 

patients with cirrhosis treated with 3DRBV 
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Figure 30: Comparison of SVR12 rates between the clinical trials and the national registry for GT3-infected 

patients treated with SOF/DCVRBV 
 

 

5.8.6 Comparison with International Real World Studies 

The real world SVR12 rates in GT1-infected patients treated with SOF/LDVRBV were 

reported in a number of studies 325, 363, 364. These studies included a combination of 

patients with and without the presence of cirrhosis with the exception of the TRIO 

Health study which included patients with cirrhosis exclusively. In our study, we 

obtained a SVR12 rate of 88% in GT1 patients treated with SOF/LDVRBV. When we 

compared this to the SVR12 rate in the subgroup of patients with cirrhosis in the US 

Department of Veteran Affairs (VA) (74%), HCV-TARGET (98%) and TRIO Health 

(86%) studies, we found that there was variation in the SVR12 rates reported between 

each study but that our SVR12 rate represented an average of the SVR12 rates 

between the other three studies (Figure 31).   
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Figure 31: Comparison of the SVR12 rates between GT1 patients treated with SOF/LDVRBV in the national 
registry study and other international real world studies.  
While the Department of Veteran Affairs and HCV-TARGET studies include both patients with and without cirrhosis, 
these SVR12 rates reflect the outcomes in the subgroups with cirrhosis, exclusively.  

 

The US Department of VA study also reported the SVR12 rate in a cohort of GT1 

patients treated with 3DRBV, of whom 27% had cirrhosis. The SVR12 rate in the 

subgroup with cirrhosis was 85%, lower than the 90% we reported in this study (Figure 

32) 363. 

 

 
Figure 32: Comparison of the SVR12 rates between GT1 patients with compensated cirrhosis treated with 

3DRBV in the national registry and the US Veteran Affairs study 
The SVR12 rates reported for the US Department of Veteran Affairs study represents the SVR12 rate in the subgroup of 
patients with cirrhosis. 
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5.9 Discussion – Sub-study 3 

In the cohort of patients with compensated cirrhosis, the SVR12 rate for patients 

treated with SOF/LDV±RBV was 89%. It was found that the SVR12 rate was higher in 

treatment-experienced patients when compared to those without previous treatment 

experience (92% vs. 85%) but this difference was not statistically significant, 

demonstrating that previous treatment experience does not have the same impact on 

the SVR12 rate in IFN-free regimens as it did in the IFN-based regimens. It is also 

possible that those with previous treatment experience are more compliant with the 

IFN-free regimens, which resulted in increased SVR12 rates. 3DRBV was licensed for 

use in GT1-infected patients without cirrhosis or with compensated cirrhosis. The 

SVR12 rate for 3DRBV in this study was 90%, 92% in treatment naïve and 88% in 

treatment-experienced patients. With SOF/DCV±RBV, the SVR12 rate was 85% in 

GT3-infected patients, while four additional patients (GT2 (n=3) and GT4 (n=1)) treated 

with SOF/DCVRBV each achieved a SVR12. In treatment naïve and treatment-

experienced patients, the SVR12 was 83% and 92%, respectively.  

 

The premature discontinuation rate was 6% in this study, from which two patients died. 

The mortality rate of 1% is considerably lower than the mortality rate of 8% reported in 

our EAP cohort and the NHS EAP (3.6%), which both included a number of patients 

with CTP C cirrhosis and/or decompensated cirrhosis 330, 361. This demonstrates that 

the tolerability to IFN-free treatment is better in patients with CTP A cirrhosis and it 

reinforces the fact that patients with CTP C cirrhosis need to be very carefully 

considered before and monitored closely during treatment with DAA therapy, if 

commencing treatment at all.  
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In the HCV-infected individuals with compensated cirrhosis treated with one of three 

IFN-free regimens in accordance with best-practice guidelines (SOF/LDV±RBV, 

3DRBV or SOF/DCV±RBV), we observed SVR12 rates broadly similar to those 

reported in clinical trials. These results represented real world effectiveness in a 

population of patients with compensated cirrhosis, where a large proportion (44%) had 

previously failed to respond to treatment and so, these patients were once considered 

difficult-to-treat.  

 

A comparison of the SVR12 rates between the GT1 population in clinical trial and our 

GT1 patient population demonstrated a high cure rate amongst treated patients, 

although there was a small numerical reduction in the rate of SVR12 obtained. The 

highest rate of concordance between RCTs and the real world setting was obtained for 

3DRBV. This may be attributable to the careful selection of patients required for 

treatment with this regimen as defined in the SPC. Additionally, the comparable SVR12 

rates for all regimens may reflect the intensive involvement of the pharmacist in 

completing an in-depth assessment of potential drug interactions and appropriate 

follow-up and/or monitoring.   

 

In the forty-one GT3-infected patients, the overall SVR12 rate was 85%, all of whom 

were treated with SOF/DCV±RBV for 24-weeks and was significantly higher than the 

SVR12 rate reported in the ALLY-3 trial 362. However, this is likely explained by the 12-

week duration of treatment in the ALLY-3 trial with clinical guidelines subsequently 

recommending the treatment with SOF/DCV±RBV for 24 weeks.  

 

The GT1 cohort with compensated cirrhosis treated with SOF/LDVRBV or 3DRBV 

demonstrated comparable SVR12 rates with patients in other real world studies. In 
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those treated with SOF/LDVRBV, our SVR12 rate was higher than that reported in the 

US Department of VA study. Patients in the VA study were, on average, 8 years older 

than those in our study and included a considerably greater proportion of males. The 

SVR12 rate in the HCV-TARGET study was 10% higher than our SVR12 rate (98% vs. 

88%). The patient demographics in these two studies are comparable and no reason 

for the difference can be identified. The SVR12 rate in our cohort of GT1 patients 

treated with 3DRBV was greater than the rate in the US Department of VA study (90% 

vs. 85%). Given that there was a higher proportion of patients with previous treatment 

experience and a lower proportion of males included in our study, we cannot attribute 

the lower SVR12 rate in the VA study to a higher proportion of difficult-to-treat patients 

and it may be due to the careful consideration and selection of patients for treatment 

with 3DRBV in the Irish national registry.  

 

5.10 General Discussion on Clinical Effectiveness 

There was a substantial degree of concordance in the SVR12 and SVR24 rates 

between RCTs and the real world setting in Ireland for both IFN-based and IFN-free 

regimens. This importantly suggests that routine clinical practice among prescribing 

physicians and CNSs in Ireland is associated with comparable rates of SVR12 and 

SVR24 compared to the highly intensive clinical trial management pathways. This 

suggests that there is a high standard of care provided to patients in the treatment units 

in Ireland.   

 

This study also demonstrated the use of propensity scoring, one of a number of tools 

that can be used to address the limitation due to confounding in non-randomised 

studies. It enables one to design and analyse an observational study so that it mimics 

some of the particular characteristics of a RCT 203. Random allocation of treatment 

ensures that treatment status will not be confounded by measured or unmeasured 
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baseline characteristics. This allows conclusions to be made about the effect of 

treatment on outcomes by making direct comparisons between treated and untreated 

subjects, or between two treatment groups. This study used PS matching or PS 

stratification to reduce selection bias, or confounding, whereby the treatment selected 

for a subject is influenced by his/her baseline demographics or disease characteristics, 

which may also influence the treatment outcome.    

 

Prior to implementing PS matching in the cohort of patients treated with TPV/PR and 

BOC/PR, there was an imbalance between the identified confounding variables in the 

two treatment groups. Prior to matching, six of the nine covariates had a standardised 

difference greater then 0.1. We found that after propensity score matching and 

stratifying on the propensity score, there was a negligible difference (<0.1) in the 

distribution of confounders between the two treatment groups. 

 

Three related approaches to PS matching were utilised in the TPV/PR and BOC/PR 

analysis; naïve matching, matching with a caliper width limit of 0.1 and matching with a 

caliper width limit of 0.2. Naïve matching was the first approach used. These 

approaches indicated no significant change in the treatment effect after matching but 

wide confidence intervals indicate uncertainty around the treatment effect. This is a 

result of our small dataset and, while PS matching is a useful tool, we acknowledge the 

limitations of its use in a small patient population. We suggest that propensity scoring is 

best applied and assessed in a larger patient population and may be more appropriate 

for use in the future when a larger population patients have been treated with the IFN-

free regimens in Ireland.     
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Another approach to propensity scoring was applied in the subgroup of patients with 

compensated cirrhosis treated with SOF/LDV±RBV and 3DRBV. PS stratification has 

advantages over PS matching because it uses all data unlike in matching, whereby the 

number of subjects in the comparator group limits the number of matches that will be 

formed. After stratification, minimal differences in the unadjusted and the adjusted 

SVR12 rates in the two treatment regimens were observed.  

 

Given that the value of outcomes from clinical trials for estimating effectiveness in 

routine clinical practice is limited by the strict inclusion criteria and protocols applied to 

these trials, this study provides valuable real world data from the Irish clinical setting 174, 

175. Historically, translation of outcomes observed in clinical trials to clinical practice has 

been associated with lower SVR12/24 rates and higher rates of AEs. As a result, 

observational studies are becoming increasingly important for assessing the 

effectiveness of therapeutic regimens in real world clinical practice and provide 

valuable information regarding the effectiveness and appropriate use of agents outside 

of clinical trials 14, 15. Greater importance is being placed on robust real world studies, 

which will underpin the clinical and policy decision-making around the use of, and 

reimbursement of, these treatment regimens in the clinical setting 16. A comprehensive 

evidence base, including both RCTs and high-quality, well-designed observational 

studies, is important and can enhance reimbursement decision providing decision-

makers with a greater evidence-base from which to make their assessments 11, 13, 16. 

 

Both IFN-based and IFN-free regimens underwent evaluation for cost-effectiveness in 

the Irish setting, although, for the IFN-free regimens, early access was provided by the 

Irish healthcare provider prior to final recommendations around cost-effectiveness. In 

the economic analyses submitted by the manufacturers, models were populated with 

data from other jurisdictions and published studies that may have been associated with 
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uncertainty. The availability of the data obtained from this study conducted in the Irish 

setting provide a robust and validated input parameter base for future economic 

evaluations of agents for the treatment of HCV infection in Ireland. This will be of 

particular benefit to healthcare decision-makers involved in reimbursement decisions 

16.   

 

There are a number of strengths to these studies. They provide outcome data on a 

variety of treatment regimens and in diverse patient populations. Real world data, and 

indeed, RCT data for patients with compensated cirrhosis, and more importantly, for 

patients with advanced liver disease and/or decompensated cirrhosis has been limited. 

Undertaking this study enabled the generation of data in underrepresented patients, 

who are often the most complex and in greatest clinical need of treatment. Additionally, 

this study demonstrated the implementation of a tool that deals with one of the primary 

limitations associated with observational studies. Propensity scoring is a tool used to 

reduce selection bias, or confounding, whereby the treatment selected for a subject is 

influenced by his/her baseline demographics and disease characteristics, which may 

also influence the treatment outcome. Its usefulness will more apparent when the 

registry has accrued greater patient numbers.  

 

There are some limitations to this data. Despite adhering to quality control procedures, 

it is possible that there were minor inaccuracies in the data. Unlike many other 

registries world wide, the Irish HCV treatment registry is not linked to an electronic 

databases and thus, there are many steps in the process between the medical team 

inputting the clinical notes accurately into patient charts and the EPR to inputting these 

data into the registry were error may occur. Furthermore, despite controlling for 

confounding, it remains possible that there are hidden biases as a result of 

unmeasured confounders that are difficult to address because the relevant 
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measurements are not available. Additionally, the population included in this study, 

when compared with other international real world studies, is considered to be small. 

However, this represents the number of patients treated in Ireland during the period of 

this work and reflects the limited treatment capacity in the seven treatment units in 

Ireland. Therefore, the numbers of patients included in some subpopulations in this 

study were very small and thus, may limit generalisation. In some cases, the numbers 

were too small to allow for meaningful analysis. While acknowledging these 

shortcomings in our data, we are confident that it presents accurate and validated 

outcomes that have been, and will be, useful for future economic evaluations of agents 

for the treatment of HCV.  

 

In the context of this work, it is important to recognise is that, unlike clinical trials, the 

choice of treatment regimen in these studies is at the discretion of the treating 

physician. In sub-study 1, we observed a substantial difference in the SVR rates 

reported for patients treated with TPV/PR (74%), BOC/PR (60%) and SMV/PR (45%). 

With TPV/PR, patients received 12 weeks of TPV and is associated with some severe 

side effects. With BOC/PR, patients receive 24-44 weeks of BOC and the side effects, 

while significant, are not considered to be as severe. Therefore, physicians will have 

considered the profile and history of each patient before they chose, what they 

believed, was the most appropriate treatment. The lower rate of effectiveness in 

patients treated with BOC/PR was largely due to a higher discontinuation rate – 

patients were demonstrating poor tolerability to BOC/PR. SMV/PR was approved after 

TPV/PR and BOC/PR. It is possible that the poor effectiveness was as a result of 

patients having more advanced disease, as a result of waiting longer for treatment, and 

because universal Q80K mutation testing was not universally carried out.  
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The ability for physicians to choose a treatment for patients is important and should be 

considered carefully. The differences in effectiveness between the three IFN-based 

regimens would suggest potentially inappropriate treatment selection. While these 

regimens are no longer (or are rarely) prescribed, it provides evidence to support the 

development of algorithms or guidelines which would ensure patients, irrespective of 

their treating physician, receive the treatment regimen most appropriate to their profile 

and history. This has particular relevance at present as models of care for community-

based HCV treatment are investigated. As the number of treatment centres increases, 

it is important that a patient would receive a treatment regimen (the most appropriate 

one) irrespective of which treatment centre or which physician he/she attended.    

 

5.11 Conclusion 

Data reported in this study confirms that the effectiveness of HCV treatment regimens 

in the real world clinical setting in Ireland is generally comparable with the efficacy 

rates reported in clinical trials, taking into account that historically, translation of 

outcomes from clinical trials is lower than in real world settings. The findings provide 

new data on populations under-represented in RCTs. This study provides robust 

information fundamental for input into future economic evaluations for agents used for 

the treatment of HCV infection. It is important that healthcare decision-makers 

aggregate all available data, from both RCTs and real world studies, when assessing 

the evidence and making decisions which will inform health policy and impact a large 

cohort of patients and their healthcare providers. This study demonstrates the 

application of a valuable tool, propensity scoring, which can be applied to other 

populations included in the national HCV registry, or to other observational research 

datasets worldwide.  
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Chapter 6 The Real World Healthcare Costs Associated with 

Interferon-based and Interferon-free DAA Treatment for Chronic 

Hepatitis C Infection.   

This chapter reports results from three separate sub-studies. Sub-study-1 reports the 

direct healthcare costs associated with the treatment of HCV infection with IFN-based 

and IFN-free DAA regimens. This study was accepted for publication in the Journal of 

Viral Hepatitis in January 2016 365. Sub-study 2 reports the HCV-related healthcare 

costs following achievement of a SVR12/SVR24 after treatment with IFN-based and 

IFN-free DAA regimens and sub-study 3 reports direct HCV-related healthcare costs 

following premature treatment discontinuation. Given a phased treatment strategy was 

implemented in Ireland in December 2014 to ensure appropriate allocation of 

resources, patients were prioritised for IFN-free treatment based on clinical need. Thus, 

the patients treated with IFN-free regimens in all sub-studies were those with advanced 

liver disease. Given the low premature discontinuation rate in those treated with IFN-

free regimens, sub-study 3 includes a cohort of patients treated with IFN-based therapy 

exclusively.  

 

6.1 Introduction 

In recent years, DAA agents underwent economic evaluation for cost-effectiveness in 

Ireland, as in other healthcare jurisdictions. For these assessments, input data from 

various sources were used to estimate the costs and consequences of HCV treatment, 

as data from Ireland were not available. Similar to other healthcare systems worldwide, 

there are, and continue to be, significant concerns about the potential budget impact of 

these agents, given the burden of HCV disease and the high acquisition cost of the 

new therapies 82. This has led to various jurisdictions worldwide initiating robust 

negotiations with manufacturers in order to reduce these costs. These have been 

successful in certain cases and negotiations are commencing in Ireland this year 366. 
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As previously described, with the introduction of the first generation protease inhibitors, 

a national HCV treatment registry was established with the aim of collecting clinical and 

economic outcomes to determine the real world impact of these treatments in the post-

reimbursement era. The registry aids the collection of rich, observational, real world 

data, allowing the direct costs of treating HCV infection in the current hospital-based 

ambulatory model of care to be estimated.  

 

While the potential budget impact of these DAA agents is considerable and raises the 

issue of affordability, studies have shown that untreated HCV can lead to cirrhosis, 

hepatic decompensation and the development of HCC 37, 39.  The incidence of these 

late stage complications associated with HCV is a major contributor to the economic 

burden associated with the disease 367. A number of studies undertaken in both the US 

and in Europe have shown the high level of both direct medical costs and indirect 

medical costs associated with HCV 75, 78, 368-371. Projecting the long-term clinical and 

cost consequences associated with HCV disease progression is a necessary 

requirement for the evaluation of new technologies for the treatment of chronic HCV 372. 

Several studies have estimated HCV-associated healthcare costs and disease burden 

in different countries 75, 78, 81, 140, 368, 371, 373, 374. More recently, a number of studies have 

estimated HCV-related treatment costs with DAA therapies and follow-up costs for 

patients with SVR with evidence suggesting that a SVR in HCV-infected individuals 

results in cost-saving following ‘cure’ 141, 365, 375-379.  

 

Despite this, the transferability of economic outcomes between jurisdictions is limited 

as health systems, structures of healthcare provision and costs differ considerably 

between countries 141. Cost effectiveness evaluations have frequently relied on the use 

of data that may not reflect real world effectiveness and resource utilisation due to the 

absence of local data. Healthcare decision-makers who have responsibility for 
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reimbursement decisions are increasingly seeking such real world outcome and cost 

data to inform their decisions, or to modify those decisions in the post-reimbursement 

period. Real world data provides useful information to enhance robust reimbursement 

decisions 16. The increasing availability of real world cost data will benefit the 

preparation of submissions to HTA agencies, decision-makers involved in the 

reimbursement process and as a continuum in the life-cycle of the HTA 380. These 

decision-makers are placing increased emphasis on the value of real world outcome 

and cost data to inform their decisions. 

 

A recent study in Ireland has reported on the direct costs of untreated HCV infection, 

identifying that the direct medical costs associated with HCV care in Ireland is 

substantial and increases exponentially with the progression of liver disease 81. 

However, data on the direct costs of treating HCV infection with DAA agents or the 

costs of HCV-related treatment following premature discontinuation or achievement of 

a SVR12/24 have not been reported. 

 

The aim of this study was:  

 To determine the direct HCV-related healthcare cost of treating HCV infection 

with DAA agents in a hospital-based ambulatory care setting in Ireland, and to 

specifically determine the mean cost per patient and mean cost per SVR in 

treated patients.  

 To determine if a SVR resulted in decreased or increased costs and the factors 

influencing these costs in the post-SVR era.  

 To estimate the mean annual healthcare-related cost of premature 

discontinuation following virological failure, AEs, non-compliance or other 

miscellaneous reasons. 
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6.2 Methods 

The Irish national HCV treatment registry captures clinical data for each patient 

recorded at baseline, during the period of treatment, and in the post-treatment follow-

up period to SVR12/24. For all three sub-studies, a micro-costing method was 

employed to estimate costs using data captured on a sample of patients in the registry 

with the exception of the cost of inpatient admissions, where a macro-costing method 

using Diagnostic Related Group (DRG) costs were applied. Additional data, not 

routinely captured in the registry (i.e. all laboratory and diagnostic investigations, the 

member(s) of clinical staff with whom that patient interacted with at each visit etc.), 

were collected through multiple site visits, interrogation of patient charts and the EPR. 

The samples was selected for inclusion in each sub-study based on their data 

availability, which was required to include laboratory, diagnostic, referral and admission 

data, in order to adequately micro-cost their HCV-related healthcare costs. The 

analysis was performed from the perspective of the payer (the HSE in Ireland) 381, 382.   

 

Patients were eligible for these studies if they were HCV-infected, 18 years or older 

and were treated with either IFN-based or IFN-free DAA regimens, irrespective of 

baseline presence of cirrhosis or HIV co-infection. Patients were treated with one of 

four treatments. These were the IFN-based regimens TPV/PR or BOC/PR, or the IFN-

free regimens SOF/LDV±RBV or 3D±RBV.  

 

Patients treated with TPV/PR and BOC/PR were those without cirrhosis or with 

compensated cirrhosis. Patients treated with SOF/LDVRBV were those with 

compensated or decompensated cirrhosis while those treated with 3DRBV had 

compensated cirrhosis. Patients treated with IFN-free regimens were treated in 

accordance with the criteria for prioritisation adopted by the Irish healthcare payer. 
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6.2.1 Sub-study 1: Direct Costs of Treatment with Interferon-based and 

Interferon-free Direct-Acting Antiviral Regimens for Patients with Chronic 

Hepatitis C Infection 

For this study, patients were costed for the duration of their treatment course to 

completion of therapy. Completion of therapy was taken as time to the SVR12/24 

assessment time point.   

 

Resources used over the course of treatment were identified from the treatment 

registry. Resources identified included the following: 

 HCV medication costs 

 Baseline work-up of patients 

 On-treatment outpatient clinical assessments and associated monitoring costs 

(laboratory and diagnostic investigations and HCV-PCR assays) 

 On-treatment management of AEs 

 On-treatment admissions 

 Outpatient staff utilisation 

Data pertaining to all resources were extracted from the registry. The quantity of each 

resource used per patient from baseline to SVR12 (for IFN-free regimens) or to SVR24 

(for IFN-based regimens) was determined. Unit costs of resources were obtained from 

the relevant sources (Appendix 3 Table A 9) and total costs were subsequently 

calculated by multiplying the quantity of each resource used by the unit cost of each.  

 



 

 155 

6.2.1.1 Clinical Assessment of Outpatient Clinics 

Attendance at, and contact with, the outpatient clinics were identified using data 

recorded in the treatment registry and quantified for each patient. Three categories of 

clinical assessment were identified (1) baseline visits, (2) on-treatment visits and (3) 

telephone consultations. For each, interaction with individual clinical staff was recorded 

including consultant grade physicians and/or doctors-in-training, CNSs, phlebotomists 

and administrative staff. Baseline work-up frequently occurred over a number of 

months preceding treatment, and an estimate of the resources involved for both IFN-

based and IFN-free regimens was calculated (Appendix 3 Table A 10 and Table A 11). 

 

On-treatment visits were primarily managed by CNSs, while physicians were involved 

in on-treatment clinical assessments in a number of ways: 

 Primary consultant or senior registrar involvement at decision rule time-points 

 Primary consultant or senior registrar involvement when referred by CNS 

 Other clinic physicians on a routine/as required basis 

 Referral to other hospital services for the management of AEs (captured in on-

treatment management of AEs) 

 

Each clinical assessment where laboratory investigations were undertaken was 

assumed to have had phlebotomy involvement. All clinical assessments included 

administrative resources for scheduling of appointments, medical chart retrieval and 

typing referral or correspondence letters.    
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6.2.1.2  Timing of Patient Assessments 

The time spent by staff with patients was obtained in a time and motion study 

previously completed by Kieran et al in two of the study institutions, where the time 

spent by staff in providing assessment to patients receiving care for HCV (pre-DAA 

era) was measured 81. These data were validated in the current study by interviewing 

CNSs from different clinical institutions. These interviews also allowed the utilisation of 

nursing time for telephone encounters with patients to be estimated and validated.  

 

6.2.1.3  Medication Use 

All medications prescribed from commencement of treatment to premature 

discontinuation or treatment end were captured in the registry and recorded. The dose, 

duration of treatment and pack size were recorded, where possible. Where the 

information pertaining to strength or treatment duration was unavailable or incomplete, 

standard course was assumed. Where necessary, the SPC and/or the British National 

Formulary (BNF) were consulted to determine the recommended duration of treatment, 

and dosing.  

 

6.2.1.4 Laboratory Investigations, Diagnostic Tests and Virological Assessments 

For each outpatient clinic assessment, laboratory and diagnostic tests completed were 

recorded for each patient. The number of HCV-PCR tests performed over the course of 

treatment was quantified for each patient.  

 

6.2.1.5 On-treatment Patient Admissions 

Patient admissions were captured in the registry. For each admission, the date of 

admission and discharge was established to calculate the duration of stay, in addition 

to the reason for admission, which allowed the appropriate DRG cost to be applied.  
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6.2.2 Sub-study 2: Achieving a Sustained Virological Response: HCV-related 

Healthcare Costs Following Treatment with Interferon-based and Interferon-free 

DAA Regimens for Chronic Hepatitis C Infection 

For this study, patients who failed to achieve a SVR12/24 (due to relapse or premature 

discontinuation) were excluded. The post-SVR period is defined as the 12-month 

period after the assessment of the SVR12 (for IFN-free regimens) or the 12-month 

period after the assessment of the SVR24 (for IFN-based regimens) (Figure 33). 

 

 

Figure 33: Timeline illustrating the 12-month post-SVR period  

 

Clinical data were recorded for a subset of patients for a 12-month follow-up period 

following achievement of a SVR12 for patients treated with IFN-free regimens or a 

SVR24 for patients treated with IFN-based regimens. Resources used during the post-

SVR period were captured through chart review and interrogation of the EPR for each 

patient. Resources identified included the following: 

 Outpatient clinical assessments and associated costs (laboratory and 

diagnostic investigations and HCV-PCR assays) 

 Referral to other hospital services 

 HCV-related admissions  
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 Outpatient staff utilisation 

 

The quantity of each resource used per patient from SVR12 (for IFN-free regimens) or 

from SVR24 (for IFN-based regimens), for a further 12-month period (the post-SVR 

follow-up period), was determined. Unit costs of resources were obtained from the 

relevant sources (Appendix 3 Table A 9) and total costs were subsequently calculated 

by multiplying the quantity of each resource used by the unit cost of each.  

 

6.2.2.1 Clinical Assessment at Outpatient Clinics and Investigations 

Attendance at the outpatient clinics in the post-SVR period was identified using data 

captured and quantified for each patient. Assessment by individual clinical staff was 

recorded, including consultant grade physicians and/or doctors-in-training, CNSs, 

phlebotomists and administrative staff.  

 

During the post-SVR period, phlebotomy involvement was assumed where laboratory 

investigations were undertaken. All clinical assessments included costs associated with 

administrative resources for scheduling of appointments, medical chart retrieval and 

typing referral or correspondence letters. For each outpatient clinic assessment, 

utilisation of laboratory investigations, diagnostic tests and HCV-PCR assessments 

was established for each patient.  

 

6.2.2.2 Timing of Patient Assessments 

The time spent by staff with patients was obtained in a time and motion study 

previously completed by Kieran et al, where the time spent by staff in providing 

assessment to patients with and without cirrhosis whom achieved a SVR following HCV 
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treatment (pre-DAA era) was measured 81. These data were validated by interviewing 

CNSs from different clinical institutions.  

 

6.2.2.3 Patient Admissions 

Patient admissions were captured through interrogation of patient charts and the EPR. 

For each, the date of admission and discharge was established to calculate the 

duration of stay. In addition, the reason for admission was recorded, which allowed the 

appropriate DRG cost to be applied 383. Average costs were applied across each 

cohort.  

 

6.2.3 Sub-study 3: Premature Treatment Discontinuation: HCV-related 

Healthcare Costs Following Treatment with Interferon-based Regimens for 

Chronic Hepatitis C Infection 

For this sub-study, those patients who discontinued treatment prematurely were 

included. In those treated with IFN-free regimens, with the exception of on-treatment 

mortality, the premature discontinuation rate (owing to AEs, virological failure, non-

compliance and other miscellaneous reasons) was low and therefore, there were 

insufficient patients to include in this study to allow for meaningful analysis (3%, 

n=8/251). As a result, this sub-study includes patients treated with IFN-based 

regimens, exclusively. Clinical data were collected through chart review and 

interrogation of the EPR for this cohort of patients for a 12-month period following the 

date of premature discontinuation, defined as the post-discontinuation period (Figure 

34).  
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Figure 34: Timeline illustrating the 12-month post-discontinuation period 

 

Resources used in the period following discontinuation were identified from the patient 

charts, EPR and registry. As in sub-study 2, the resources identified included the 

following: 

 Outpatient clinical assessments and associated costs (laboratory and 

diagnostic investigations and HCV-PCR assays) 

 Referral to other hospital services 

 HCV-related admissions  

 Outpatient staff utilisation 

 

The quantity of each resource used per patient from the date of premature 

discontinuation was determined. Unit costs of resources were obtained from the 

relevant sources (Appendix 3 Table A 9), and total costs were subsequently calculated 

by multiplying the quantity of each resource used by the unit cost of each.  

 

6.2.3.1 Clinical Assessment at Outpatient Clinics and Investigations 

Attendance at the outpatient clinics was identified using data recorded in the patient 

charts, the EPR and the registry and assessment by individual clinical staff was 

recorded. For each outpatient clinic assessment, utilisation of laboratory investigations, 
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diagnostic tests and HCV-PCR assessments was established for each patient. 

Phlebotomy involvement was assumed for each laboratory investigation undertaken. 

Costs associated with administrative resources for scheduling of appointments, 

medical chart retrieval and typing referral or correspondence letters were also 

incorporated.   

 

6.2.3.2 Timing of Patient Assessments 

The time spent by staff with patients was obtained in a time and motion study 

previously completed by Kieran et al in two of the study institutions, where the time 

spent by staff in providing assessment to patients was measured 81. These data were 

validated in by interviewing CNSs from different clinical institutions.  

 

6.2.3.3 Patient Admissions 

As per sub-study 1 and sub-study 2, patient admissions were captured. Data including 

the length of stay and the reason for admission was recorded. This allowed the 

appropriate DRG cost to be applied 383. Average costs were applied across each 

cohort.  

 

6.2.4 Unit cost data 

For all studies, the unit cost associated with staff time was calculated using the mid-

point of the HSE salary scales and adjusted for non-pay salary costs as per the 

guidelines 384, 385. Unit cost data for all laboratory and diagnostic tests were obtained 

from the laboratory and finance departments of the relevant hospitals. The 2013 

Casemix Ready Reckoner provided DRG costs used for the costing of hospital 

inpatient admissions 383. Unit drug costs were taken from the HSE Primary Care 

Reimbursement Service (PCRS) and were calculated using the NCPE guidelines for 

inclusion of drug costs in pharmacoeconomic evaluations 386, 387. All on-treatment costs 
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were adjusted to June 2015 levels and post-SVR costs and post-discontinuation costs 

adjusted to April 2016 levels using the Central Statistics Office Consumer Price Index 

388.  

 

6.3 Statistical Analysis 

Descriptive statistics were performed on the results to give mean values with 95% 

confidence intervals (CI). Although the data from our sample was skewed, the mean 

cost was determined instead of the median cost as this data is more relevant to the 

entire population, not just the cohort sampled in this analysis. The 95% CI were 

estimated by non-parametric bootstrapping to account for the skewed nature of cost 

distributions. A Mann Whitney U test was performed to assess the differences in cost 

outcomes between subgroups of patients treated with IFN-based and IFN-free 

regimens and subgroups of patients with or without cirrhosis. In the post-SVR and post-

discontinuation sub-study, patient-level data was obtained from the study by Kieran et 

al in order to compare the mean annual costs of untreated HCV versus post-treatment 

expenditure 81.  A p-value less than 0.05 were considered statistically significant. The 

analysis was performed using Microsoft Excel Version 14.6 (Microsoft Corporation, 

Redmond, Washington, USA) and SPSS Version 21® (IBM Corp, Armonk, NY, USA).  

 

6.4 Results - Sub-study 1 

The mean on-treatment costs for IFN-based regimens were based on a sample of 119 

patients with GT1 HCV infection treated with BOC/PR (n=40) or TPV/PR (n=79). 

Patients with and without cirrhosis were included in the analysis. Duration of treatment 

was determined by baseline patient characteristics and/or in accordance with 

recommended stopping rules dependent on the on-treatment virological response.  
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The mean on-treatment costs of IFN-free regimens were based on a sample of 47 

patients treated with SOF/LDVRBV (n=35) or 3DRBV (n=12). Cirrhotic patients with 

both GT1 or GT3 HCV infection with a CTP score of B or C, and/or a prior episode of 

decompensation i.e. advanced liver disease, were treated with SOF/LDVRBV for 12 

weeks. Cirrhotic patients with GT1 or GT4 with mild cirrhosis (CTP A) were treated with 

3DRBV (GT1 or GT4) for 12 or 24 weeks depending on GT1 subtype.  A total of 3 

patients with GT1a received 24 weeks of therapy. 

 

6.4.1 Patient Demographics 

Of those treated with IFN-based regimens, 69% (n=82/119) were male, with a median 

age of 46 years (IQR 37-56). Patients previously treated with PR accounted for two-

thirds of the cohort (64%), while 35% were cirrhotic (Table 24). The SVR rate within 

this cohort was 61% (n=73/119), 49% in cirrhotic patients and 70% in those without 

cirrhosis. The mean treatment duration was 30 weeks. Seventy-three patients (61%) 

completed a full treatment course. Forty-six patients discontinued treatment 

prematurely, with treatment duration ranging from 1 to 39 weeks.  

 

In the IFN-free cohort, thirty-three patients were male (70%) and the median age was 

50 years (IQR 42-56). Of this cirrhotic cohort, twelve were classified as CTP A, twenty-

four CTP B and eleven CTP C. Seventeen patients (36%) had previously received 

treatment for HCV infection (Table 24). The SVR rate was 68% (n=32/47). The mean 

treatment duration was 12.3 weeks. Thirty-nine patients (83%) completed full treatment 

courses. Eight patients discontinued treatment prematurely, with treatment duration 

ranging from 3 to 18 weeks.  
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Table 24: Baseline demographic profile of n=166 patients  

 Total Cohort 

n=166 

IFN-based 

n=119 

IFN-free 

n=47 

P-value 

Male, n (%) 115 (69) 82 (69) 33 (70) 0.871 

Median Age (IQR) 47 (39-56) 46 (37-56) 50 (42-56) 0.796 

Treatment Experienced, n (%) 93 (56) 76 (64) 17 (36) 0.001 

Cirrhotic, n (%) 88 (54) 41 (35) 47 (100) <0.001 

Genotype, n (%)     

    GT1 43 (26) 27 (22) 16 (34) 

0.393 
    GT1a 73 (44) 56 (47) 15 (32) 

    GT1b 37 (22) 34 (29) 3 (6) 

    GT3 8 (5) -  8 (17) 

    Other 5 (3) 2 (2) 5 (11)  

 

6.4.2 Direct Treatment Costs for Interferon-based Regimens 

The overall cost of the cohort treated with IFN-based regimens was €4,556,039. HCV 

drug acquisition costs represented the largest component of the overall cost, 

contributing 85% (€3,856,802) of the total expenditure. On-treatment costs associated 

with patient monitoring, treatment of AEs, and inpatient admissions (henceforth 

described as “treatment management costs”) accounted for €699,416 with a mean of 

€5,877 (95% CI €5,161-€6,675) per patient. The mean cost of treatment per patient 

was €38,286 (95% CI €35,305-€41,061). The mean cost per SVR was €62,457.  

 

6.4.3 Treatment Management Costs for Interferon-based Regimens 

The mean monitoring costs (laboratory investigations, diagnostic investigations and 

HCV-PCR assays) per patient was €2,111 (95% CI €1,938 - €2,273), ranging from €65 

to €5,108. The mean cost of AE management per patient was €1,811 (95% CI €1,208 - 

€2,465). Interventions for the management of anaemia, neutropenia and 

thrombocytopenia were the most costly (€187,149) and contributed to 93% of the total 

spending on AEs. The most common reasons for admissions were drug-induced AEs. 

Length of hospital stay ranged from 1 to 14 days. Results are summarised in Table 25. 
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Table 25: Components of treatment management costs - IFN-based treatment regimens 

Resource Cost Proportion of 
treatment 

management costs 

Mean cost per patient 
(95% CI) 

On-treatment monitoring costs    

Laboratory Investigations €159,746 23% €1,342 (€1,230- €1,469) 

Diagnostic Investigations €28,329 4% €238 (€186- €300) 

HCV-PCR Assays €63,115 9% €530 (€491- €571) 

On-treatment AE management costs    

Medicines for AEs (including blood transfusions) €200,421 29% €1,683 (€1,152- €2,345) 

Referrals (to other hospital clinical services) €15,255 2% €128 (€91– €178) 

    

Admissions €28,335 4% €238 (€97- €406) 

    

OPD staff costs €131,903 19% €1,108 (€1,011- €1,207) 

    

Baseline work-up €72,312 10% €608* 

Total Expenditure €699,416  €5,877 (€5,161 – €6,675) 

AE=adverse events, HCV = hepatitis C, PCR = polymerase chain reaction, OPD = outpatient department, CI = 
confidence interval 
* Estimated cost 

 

6.4.4 Direct Treatment Costs for Interferon-free Regimens  

The total cost of treating the IFN-free cohort was €2,619,946. HCV drug costs 

accounted for the largest component of the overall costs, contributing 89% 

(€2,339,725) of total expenditure. Treatment management costs accounted for 

€279,620 of the total expenditure representing a mean cost of €5,950 (95% CI €4,359 - 

€7,959) per patient. The mean cost of treatment per patient was €55,734 (95% CI 

€50,906 - €60,880). The mean cost per SVR was €81,873. 

 

6.4.5 Treatment Management Costs for Interferon-free Regimens 

The mean monitoring cost per patient was €2,210 (95% CI €1,979 - €2,460), ranging 

from €140 to €4,176. The mean cost of AE management per patient was €365 (95% CI 

€244 - €497). In total, eleven patients required admission. Nine patients were admitted 

for reasons related to disease progression (ascites, variceal bleeds, hepatic 

encephalopathy and decompensation). The remaining two patients were admitted for 

treatment of drug-induced AEs. Length of hospital stay ranged from 1 to 84 days. The 

total expenditure on the eleven admissions was €93,859. The nine admissions that 
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were related to disease progression amounted to €88,247. Results are summarised in 

Table 26.  

  

Table 26: Components of treatment management costs - IFN-free treatment regimens   

Resource Cost Proportion of 
treatment 

management costs 

Mean cost per patient 
(95% CI) 

On-treatment monitoring costs    

Laboratory investigations €53,492 19% € 1,138 (€970-€1,299) 

Diagnostic investigations €13,311 5% €283 (€222-€348) 

HCV-PCR Assays  €36,479 13% €777 (€696-€855) 

On-treatment AE management costs    

Medicines for AEs (including blood transfusions) €10,413 4% €222 (€114-€348) 

Referrals (to other hospital clinical services) €6,760 2% €144 (€82-€218) 

     

Admissions €93,859 34% €1,997 (€476-€4,036) 

    

OPD staff costs €33,153 12% €705 (€632-€780) 

    

Baseline Work-Up €32,153 11% €684# 

Total Expenditure €279,620  €5,950 (€4,359 - €7,959) 

AE=adverse events, HCV = hepatitis C, PCR = polymerase chain reaction, OPD = outpatient department, CI = 
confidence interval 
* Estimated cost 

 

6.4.6 Comparison of the Treatment Monitoring Costs Between the Interferon-

based and Interferon free Regimens 

Figure 35 compares the proportion that each resource contributed to the treatment 

monitoring costs between the IFN-based and IFN-free cohorts. In the IFN-based 

cohort, laboratory investigations (23%) and medicines for the management of AEs 

(29%) were the largest contributors to these treatment management costs. In the IFN-

free cohort, admissions (34%) accounted for the largest component of these costs 

followed by the laboratory investigations. 
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Figure 35: Comparison of differences in treatment management costs between the IFN-based and IFN-free 
regimens 

 

A Mann Whitney U test was performed to examine for a difference in costs between the 

IFN-based and IFN-free treatments and results are presented in Table 27. The mean 

cost per patient (p = 0.001) and the cost of HCV-PCR assays (p = 0.001) were 

statistically significantly higher in the IFN-free regimens whereas the mean cost of the 

management of AEs (p = 0.005) and the cost of staff (p = 0.001) were statistically 

significantly higher in the IFN-based regimens. 
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Table 27: Differences in costs between the IFN-based and IFN-free cohorts 

  Total Costs; 
Mean 

Total Costs; Mean 
Difference (95% CI) 

P-Value 

Total Costs per Patient IFN-free €55,744 €17,458 

(€12,092 - €23,177) 

0.001* 

IFN-based €38,286 

Treatment Management Costs per Patient IFN-free €5,962 €86 

((-€1,594) - €2,237) 

0.937 

IFN-based €5,876 

On-treatment Monitoring Costs per Patient IFN-free €2,210 €99 

((-€210)- €407) 

0.536 

IFN-based €2,111 

AE-management Costs per Patient IFN-free €365 -€1,446 

(€871- €2,119) 

0.005* 

IFN-based €1,811 

Laboratory Costs per Patient IFN-free €1,144 -€198 

((-€13)- €394) 

0.059 

IFN-based €1,342 

HCV-PCR Assay Costs per Patient IFN-free €783 €253 

(€164 - €341) 

0.001* 

IFN-based €530 

Diagnostic Costs per Patient IFN-free €283 €45 

((-€36)- €136) 

0.293 

IFN-based €238 

Referral Costs per Patient IFN-free €144 €16 

((-€61) - €104) 

0.708 

IFN-based €128 

Admission Costs per Patient IFN-free €1,997 €1,759 

(€274- €3,944) 

0.208 

IFN-based €238 

Staff Costs per Patient IFN-free €705 -€403 

(€276 - €531) 

0.001* 

IFN-based €1,108 

 

6.4.7 Comparison of the Treatment Management Costs between Cirrhotic 

Patients in the Interferon-based and Interferon-free Cohorts 

A total of forty-one patients with cirrhosis were included in the cohort treated with IFN-

based regimens of whom 49% (n=20/41) obtained a SVR24. The total costs for treating 

these patients was €1,603,821 resulting in a cost per SVR of €80,191 compared to a 

mean cost per SVR of €81,873 for the cohort treated with IFN-free regimens. We 

examined for a difference in costs between patients with cirrhosis in the two cohorts. 

While the costs for many of the components were very similar, statistically significant 

differences were observed in four categories (Table 28). 
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Table 28: Statistically significant differences in costs between the cirrhotic IFN-based and IFN-free cohorts 

  Total Costs; 
Mean 

Total Costs; Mean 
Difference (95% CI) 

P-Value 

Total Costs per Patient IFN-free €55,744 €16,626 

(€9,451 - €24255) 

0.001* 

IFN-based €39,118 

AE-management Costs per Patient IFN-free €365 -€1,791 

(€993- €2,735) 

0.004* 

IFN-based €2,156 

HCV-PCR Assay Costs per Patient IFN-free €783 €255 

(€152 - €348) 

0.001* 

IFN-based €528 

Staff Costs per Patient IFN-free €705 -€587 

(€367 - €805) 

0.001* 

IFN-based €1,292 

 

 

6.4.8 Sensitivity Analysis: Comparison of Treatment Management Costs 

Between the Interferon-based and Interferon-free Cohorts Excluding the Costs 

of Admissions for Disease Progression 

With nine out of eleven admissions in the IFN-free cohort attributed to disease 

progression (calculated costs of €88,247), the comparative analysis was repeated to 

determine the impact of excluding these admissions on treatment costs as we expect 

the HCV-related admissions to fall as treatment is extended to those with milder liver 

disease. This resulted in a reduction in the mean treatment costs per patient for the 

IFN-free regimens (from €55,744 to €53,866), the mean treatment management costs 

(from €5,962 to €4,084) and the mean cost of admission (from €1,997 to €119) per 

patient by €1,878 (Table 29).  

 

Table 29: Changes in treatment management costs following the exclusion of admission related to disease 
progression 

  Total Costs; Mean 
(excluding 
admissions related to 
disease progression) 

Total Costs; Mean 
(including all 
admissions) 

Difference 

Total Costs per Patient IFN-free €53,866 €55,744 €1,878 

IFN-based €38,268 €38,286 €0 

Treatment Management Costs per 
Patient 

IFN-free €4,084 €5,962 €1,878 

IFN-based €5,876 €5,876 €0 

Admission Costs per Patient IFN-free €119 €1,997 €1,878 

IFN-based €238 €238 €0 

 

Figure 36 compares the proportion of resources contributing to the treatment 

management costs between the IFN-based and IFN-free cohorts in this scenario. 
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Laboratory investigations (28%) become the largest contributor to the treatment 

management costs in the IFN-free cohort followed by HCV-PCR assays (19%). 

 

 
Figure 36: Sensitivity Analysis - Comparison of differences in treatment management costs between the IFN-
based and IFN-free regimens  
This compares the differences in treatment management costs following the exclusion of the cost of admissions for 
disease progression. Laboratory investigation costs become the largest contributor to the IFN-free-related treatment 
management costs  

 

6.5 Discussion – Sub-study 1 

This study reports real world DAA treatment costs in the Irish setting for both IFN-

based and IFN-free regimens. To our knowledge, prior to publication of these data, 

there was no published literature on the direct costs of treatment with IFN-free 

regimens and this was the first study to compare the costs between the two regimens.  

 

The results from the IFN-based cohort were compared with a number of published 

studies. Thorlund et al estimated a cost per SVR for TPV/PR of $74,380-$76,370 

(€65,632-€67,388), calculated using clinical trial data with SVR24 rates of 70%-90% 

whereas a SVR24 rate of 61% was obtained in this study sample 389. Although our real 

world study had a lower SVR24 rate, the result from Thorlund et al is comparable with 

the cost per SVR estimated from our study. Bichoupan et al estimated a cost per SVR 



 

 171 

for TPV/PR of $189,338 (€167,221) 376, while a recent real world study published in 

2015 by Sethi et al reported a cost per SVR of $172,889 (€152,718) and a mean cost 

per patient of $83,851 (€74,056) in patients treated with first-generation DAAs in 

combination with PR 375. The costs from the latter two studies are significantly higher 

than the estimate from this study and from Thorlund et al. Further investigation 

identified that a SVR24 rate of 44%-45% in these two studies was the driver of the 

higher cost per SVR. This highlights the impact of using real world versus clinical trial 

data for determining treatment costs.   

 

In the IFN-free cohort (100% cirrhosis), the cost per SVR was €81,873. The difference 

between this and the cost per SVR in the IFN-based group (35% cirrhosis) (€62,457) 

was driven by the difference in cost of HCV medication. It is important to note that the 

cost per SVR in the IFN-free cohort was based on a cohort of patients with advanced 

liver disease and a SVR12 rate of 68% (n=47). As this treatment is extended to 

patients with milder liver disease, the SVR12 rate is expected to increase, (as evident 

by the improved SVR12 rate in our cohort of patients with compensated cirrhosis 

presented in Chapter 5) thus reducing the cost per SVR for IFN-free therapies. An 

increase in SVR rate to 80%‡ would reduce the cost per SVR to €70,809 based on the 

costs accrued in this IFN-free study.   

 

For both the IFN-based and IFN-free regimens, HCV medication costs are by far the 

largest contributor to the total costs. The proportion to which the treatment 

management costs (on-treatment costs associated with patient monitoring, treatment of 

AEs, and inpatient admissions) contribute to the total treatment costs is lower in the 

                                                

‡ An 80% SVR rate was chosen as an example since the effectiveness in a real world cohort is often lower than RCTs. 

While the SVR rate for this IFN-free cohort was 68%, these were patients with advanced liver disease. As patients with 
less advanced disease, and lower clinical priority are treated, the SVR rate would be expected to increase.  
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IFN-free cohort (15% in IFN-based vs. 11% in IFN-free regimens). Additionally, there 

are key differences between each cohort in terms of the resources that drive these 

costs. In the IFN-based cohort, medication for the management of AEs was the most 

costly component of the treatment management costs. Although, the IFN backbone 

and the two first generation protease inhibitors TPV and BOC were associated with 

significant side effects, these were well managed in the outpatient clinics and few 

inpatient admissions were required. In contrast to this, the cost of inpatient admission 

was the largest component of the treatment management costs for those treated with 

IFN-free regimens. While the absence of the IFN-backbone should have resulted in 

fewer adverse events, the advanced nature of the disease in patients treated with 

these IFN-free regimens resulted in a large number of admissions for the treatment of 

hepatic encephalopathy and ascites associated with disease progression (and not 

associated with treatment side effects). Of the eleven patients in the IFN-free cohort 

admitted during treatment, nine were admitted as a result of disease progression 

(ascites, variceal bleeds, hepatic encephalopathy and decompensation). These 

contributed €88,247 to the total cost of admission, while the remaining €5,612 was as a 

direct result of treatment-related AEs. Excluding the cost of disease progression-

related admissions in the analysis resulted in a reduction in the treatment 

managements costs. Consequently, we can predict that as patients with mild liver 

disease receive treatment with these regimens, the contribution of the cost of inpatient 

admissions to the overall costs will reduce and will likely fall below the equivalent costs 

reported with the IFN-based regimens.   

 

A recently published study to determine the real world costs of untreated HCV in 

Ireland discussed the contribution of AE management to the overall cost of treatment 

with PR (pre-DAA era) for HCV infection 81. The authors hypothesised that, given the 

improved side effect profile, the treatment costs would reduce with the introduction of 
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the IFN-free regimens, which has now been demonstrated in this study. However, in 

this study the cost of AE management has been superseded by the cost of therapy and 

the cost of on-treatment admissions. Given that this IFN-free cohort were prioritised for 

treatment on the basis of clinical need, the expected reduction in patients requiring 

admission (and the costs associated with those admissions) when the availability of 

IFN-free regimens are extended to patients with mild liver disease (absence of 

cirrhosis) should lead to an improved SVR12 rate and an improved cost per SVR12.   

 

The cost per SVR24 in patients with cirrhosis in the IFN-based cohort was similar to the 

cost per SVR obtained in the IFN-free cohort (€80,191 vs. €81,873). This can be 

explained by the difference in SVR12/24 rates observed in the two cirrhotic cohorts 

(49% in IFN-based regimens vs. 68% in IFN-free regimens). As patients with less 

advanced disease begin to receive treatment with the IFN-free regimens, the SVR12 

rate is expected to increase. Thus, it would be reasonable to expect that the cost per 

SVR would be lower in a non-cirrhotic cohort. 

 

6.6 Results - Sub-study 2 

A total of 110 patients were eligible for inclusion in this study. This included a sample of 

67 patients who had achieved a SVR24 following treatment with the IFN-based 

regimens and a further 43 patients who had achieved a SVR12 following treatment with 

the IFN-free regimens. 

 

6.6.1 Patient Demographics 

The baseline demographic profile of the patients included in this study is presented in 

Table 30. The overall cohort was predominantly male (76%) and cirrhosis was present 

in 51%. Of those treated with IFN-based regimens, 49 (73%) were male, with a median 
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age of 42 years (IQR 31-65). Patients previously treated with PR accounted for 54% of 

this cohort (n=36/67), while 19% were cirrhotic. In the IFN-free cohort, 34 patients were 

male (79%) and the median age was 53 years (IQR 45-61). All patients treated with the 

IFN-free regimens had cirrhosis, with nineteen classified as CTP A, twenty CTP B and 

four CTP C. Twenty-one patients (n=21/43, 49%) had previously received treatment for 

HCV infection. There were statistically significant differences observed in selected 

characteristics including age, presence of cirrhosis and present or previous history of 

decompensation (p<0.001) between the two groups.  

 

Table 30: Baseline demographic profile of n=110  

 Total Cohort 

n=110 

IFN-based 

n=67 

IFN-free 

n=43 

P-value 

Male, n (%) 83 (76) 49 (73) 34 (79) 0.485 

Median Age (IQR) 46 (39-56) 42 (35-51) 53 (45-61) <0.001 

Treatment Experienced, n (%) 57 (51) 36 (54) 21 (49) 0.707 

Cirrhotic, n (%) 56 (51) 13 (19) 43 (100) <0.001 

Genotype, n (%)     

    GT1 23 (19) 8 (12) 15 (35) 

0.395 

    GT1a 67 (63) 46 (69) 21 (49) 

    GT1b 17 (15) 13 (19) 4 (9) 

    GT3 2 (2) - 2 (5) 

    GT4 1 (1) - 1 (2) 

CTP Score*, n (%)     

    A 32 (29) 13 (19) 19 (44) 

N/A 
    B 20 (18) N/A 20 (47) 

    C 4 (4) N/A 4 (9) 

Decompensation, n (%) 8 (7) - 8 (19) 

CTP = Child’s Turcotte Pugh, GT = Genotype, N/A = Not available 
*Relevant for cirrhotic patients only 

 

6.6.2 Resource Utilisation in the Post-SVR Period  

In the 12-month period following achievement of a SVR24, patients treated with IFN-

based regimens, returned for an outpatient clinical assessment an average of 2.7 times 

(95% CI 2-3.5). During these visits, the patient was seen by a consultant grade 

physician or doctor-in-training on average 1.2 occasions (95% CI 1-1.4) or by a CNS 

1.5 times (95% CI 0.9-2.3). The mean number of blood samples taken per patient per 

year, for laboratory investigations, was 1.8 (95% CI 1.3-2.5) and patients underwent 
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HCV-PCR assays 1.3 times (95% CI 1.1-1.5) in the 12-month period following SVR24. 

Diagnostic investigations and referral to other hospital services were infrequent. A liver 

ultrasound was the most commonly utilised diagnostic procedure (0.4 times per patient) 

during this post-SVR period (Table 31).  

 

In the 12-month period post-SVR12, patients treated with IFN-free regimens attended 

for an outpatient clinical assessment on average 6.9 times (95% CI 5.8-8.2). During 

these visits, patients were assessed by a physician (consultant grade or doctor-in-

training) on 2.6 occasions (95% CI 1.8-3.6) or by a CNS on 4.3 occasions (95% CI 3.2-

5). Laboratory investigations were completed approximately every 2 months (5.4 times 

per patient, per year) while HCV-PCR assays were undertaken 3.2 times (95% CI 2.7-

3.6). The average number of liver ultrasounds completed in the 12-month period was 

1.1 per patient (95% CI 0.8-1.4) while referrals to other hospital services were 

uncommon (Table 31). 

 

The Mann Whitney U test determined that statistically significant differences were 

observed in the mean annual resource utilisation between patients treated with IFN-

based and IFN-free regimens. These results were expected given that the IFN-free 

cohort consisted exclusively of patients with cirrhosis, whereas presence of cirrhosis 

was limited to 19% of the IFN-based cohort and therefore, were likely to utilise less 

resources following SVR24. 

 

Table 31: Resources utilised by patients during the post-SVR12/24 period 

 IFN-based regimens 

(n=67) 

IFN-free regimens 

(n=43) 
P-value 

OPD Visit 2.7 (95% CI 2-3.5) 6.9 (95% CI 5.8-8.2) <0.001 

Laboratory Investigations 1.8 (95% CI 1.3-2.5) 5.4 (95% CI 4.5-6.5) <0.001 

HCV-PCR Assay 1.3 (95% CI 1.1-1.5) 3.2 (95% CI 2.5-3.7) <0.001 

Liver U/S 0.4 (95% CI 0.2-0.6) 1.1 (95% CI 0.8-1.4) 0.007 

Referral 0 0.7 (95% CI 0.3-1.2) 0.033 

Admissions (Inpatient days) 0.02 (95% CI 0-0.06) 6.8 (95% CI 1.4-25.9) 0.087 
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6.6.3 Mean Annual Healthcare Costs in the Post-SVR Period 

The mean annual ambulatory care expenditure by a patient treated with IFN-based 

regimens following a SVR24 was €500 (95% CI €390-€631). Laboratory investigations 

(blood tests such as a full blood count, thyroid function tests, liver and renal profile etc.) 

were the greatest contributor to these costs, with an average expenditure of €246 per 

patient (95% CI €171-€330) (Figure 37). This was followed by HCV-PCR assays and 

diagnostic procedures, accruing mean annual costs of €114 and €75 per patient, 

respectively, post-SVR (Table 32). 

 

Following achievement of a SVR12, the mean annual cost of HCV care for patients 

treated with IFN-free regimens was €2,808 (95% CI €1,468-€4,961). Inpatient 

admissions were the largest component of these costs (€1,565 (95% CI €288-€3,672)), 

followed by laboratory investigations (€411 (95% CI €334-€497) and diagnostic 

procedures (€304 (95% CI €213-€488)) of which liver ultrasounds contributed a mean 

annual cost of €157 (95% CI €108-€199) (Figure 37). 
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Figure 37: Comparison of the proportion that each resource contributed to the overall mean annual post-SVR 
costs for the IFN-based and IFN-free cohorts 

 

After examining for a difference in resource utilisation between the IFN-based and IFN-

free treatments, a statistically significant difference in mean annual costs, for all 

categories of expenditure with the exception of admissions, following SVR12 or 

SVR24, was identified. The mean annual costs were higher in patients treated with 

IFN-free regimens compared to those treated with IFN-based regimens (Table 32).  

 

Table 32: Costs accrued by patients during the post-SVR12/24 period 

 IFN-based regimens IFN-free regimens P-value 

Laboratory Investigations €246 (95% CI €171-€330) €411 (95% CI €334-€497) 0.0011 

HCV-PCR Assays €114 (95% CI €94-€136) €280 (95% CI €240-€319) <0.001 

Diagnostic procedures €75 (95% CI €50-€103) €304 (95% CI €213-€488) 0.001 

Referrals  €3 (95% CI €0-€10) €91 (95% CI €42-€148) 0.003 

Staff €61 (95% CI €46-€78) €157 (95% CI €130-€187) <0.001 

Admissions €0 €1,565 (95% CI €288-€3672) 0.097 

Total  €500 (95% CI €390-€631) €2,808 (95% CI €1468-€4961) 0.017 
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6.6.4 Admissions 

The number of bed days and subsequent cost of liver-related admissions were 

included in the analysis of the total costs. No patients in the IFN-based cohort were 

admitted during the post-SVR period for liver-related events. 

 

In those who received treatment with IFN-free regimens, seven patients were admitted 

to hospital with an average length of stay of 21 days (range 3-76 days). Three of these 

patients had prior history of decompensation, five were CTP B, one was CTP A while 

the remaining patient was CTP C. Two patients were admitted for the treatment of 

varices and four patients were admitted with hepatic encephalopathy and liver 

decompensation. Two of these patients died during their admission period. The 

remaining patient was admitted for psychiatric care. The average cost of hospital 

admission for these seven patients was €9,612 (range €1,215-€37,468). When applied 

across the cohort, the mean annual cost of admissions per patient was €1,565 (95% CI 

€288-€3,672). 

 

6.6.5 Comparison of the Mean Annual Costs in Patients With and Without 

Cirrhosis 

After stratifying the cohort according to the presence or absence of cirrhosis, we 

examined for differences in mean annual costs between the two subgroups, 

irrespective of treatment regimen. There was a statistically significant difference in the 

overall mean annual post-SVR cost between patients with cirrhosis and without 

cirrhosis and for each component of these total costs (Table 33).  
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Table 33: Comparison of the costs in all patients, stratified according to the presence or absence of cirrhosis 

 With cirrhosis 

n=56 

Without cirrhosis 

n=54 

P-value 

Laboratory Investigations €377 (95% CI €304-€462) €242 (95% CI €151-€346) 0.033 

HCV-PCR Assays €235 (95% CI €200-€278) €120 (95% CI €98-€144) <0.001 

Diagnostic procedures €261 (95% CI €186-€426) €66 (95% CI €38-€97) <0.001 

Referrals  €70 (95% CI €33-€116) €4 (95% CI €0-€12) 0.004 

Staff €132 (95% CI €111-€161) €64 (95% CI €46-€87) <0.001 

Admissions €1,201 (95% CI €191-€2851) €0 (95% CI €0-€30) 0.001 

Total  €2,276 (95% CI €1258-€3993) €495 (95% CI €388-€659) 0.017 

 

6.6.6 Comparison of the Mean Annual Costs Between Untreated HCV and 

Post-SVR Individuals  

The post-SVR costs obtained in this study, irrespective of treatment regimen, were 

stratified by disease severity and were compared with the mean annual medical costs 

of untreated HCV reported by Kieran et al 81. The most significant difference observed 

between the mean annual untreated HCV costs and mean annual post-SVR costs was 

in those individuals with decompensated cirrhosis, where a reduction in the mean 

annual costs of €4,369 was observed following SVR12 (p-value = 0.044). The post-

SVR costs in individuals with F0-F3 fibrosis (mild to moderate disease) were higher 

than the mean annual costs of untreated HCV for individuals with mild and moderate 

disease, as reported by Kieran et al 81. In individuals with compensated cirrhosis, the 

mean annual post-SVR costs were higher than the mean annual costs for untreated 

HCV with a mean difference of €528 but this was not considered statistically significant 

(p-value = 0.670) (Table 34). 

 

Table 34: Comparison between the mean annual costs for untreated HCV and the mean annual costs following 
SVR stratified by severity of liver disease 

 Mean annual costs for 
untreated HCV (Kieran et al) 

Mean annual post-SVR 
costs  

Mean 
Difference 

P-Value 

F0-F3 €404 (95% CI €354-€458) €505 (95% CI €378-€661) €101 0.193 

Compensated cirrhosis €1,762 (95% CI €974-€3229) €2,290 (95% CI €1156-€4239) €528 0.670 

Decompensated 
cirrhosis 

€6,564 (95% CI €4481-€9423) €2,195 (95% CI €572-€5055) -€4,369 0.044 
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Given that patients with compensated cirrhosis (n=48) were treated with either IFN-

based (n=13) or IFN-free (n=35) regimens, we reassessed the mean annual post-SVR 

costs, stratifying according to treatment with or without IFN. This demonstrated that 

post-SVR expenditure in patients treated with IFN-free regimens was €2,427 (p-value = 

0.192) greater than the post-SVR expenditure following treatment with IFN-based 

regimens in patients with compensated cirrhosis (Table 35). Additionally, it established 

that the mean annual post-SVR costs in patient with compensated cirrhosis treated 

with IFN-based regimens (€521) was lower than the mean annual costs for untreated 

HCV in compensated cirrhosis (€1,762). The mean annual post-SVR costs in patients 

with compensated cirrhosis treated with IFN-free regimens (€2,948) was higher. 

 

Table 35: The mean annual post-SVR costs in patients with compensated cirrhosis stratified according to 
treatment regimen. 

 Mean annual post-SVR 
costs following IFN-

based treatment 

Mean annual post-SVR 
costs following IFN-free 

treatment 

Mean 
Difference 

P-Value 

Compensated cirrhosis €521 (95% CI €308-€764) €2,948 (95% CI €1391-€5484) €2,427 0.192 

 

A closer examination of the resource utilisation and expenditure within this sub-group 

of patients with compensated cirrhosis was undertaken. Statistically significantly 

differences in resource utilisation and expenditure was observed in patients with 

compensated cirrhosis stratified according to treatment regimen (Table 36). 

 

Table 36: Post-SVR resource utilisation and expenditure in patients with compensated cirrhosis stratified 
according to treatment regimen 

 IFN-based regimens 

n=13 

IFN-free regimens 

n=35 

P-value 

OPD Visits (n) 2.2 (95% CI 1.3-3.3) 7.5 (95% CI 6.3-8.8) <0.001 

HCV-PCR Assays (n) 1 (95% CI 0.5-1.7) 3.3 (95% CI 2.8-3.8) <0.001 

Laboratory Investigations €265 (95% CI €103-€486) €433 (95% CI €342-€547) 0.108 

HCV-PCR Assays  €89 (95% CI €44-€149) €293 (95% CI €249-€339) <0.001 

Diagnostic procedures €116 (95% CI €63-€179) €372 (95% CI €245-€523) 0.002 

Referrals  €0  €104 (95% CI €48-€201) 0.003 

Staff €49 (95% CI €29-€75) €170 (95% CI €142-€201) <0.001 

Admissions €0  €1,575 (95% CI €100-€3973) 0.387 
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6.6.7 Sensitivity Analysis 

Given that, out of ninety-four patients, eight patients were admitted for liver-related 

admissions, a sensitivity analysis was completed to determine the impact of excluding 

the cost of these inpatient admissions on overall costs as we would expect liver-related 

admissions to decrease as patients with milder disease are treated.  

 

Figure 38 demonstrates that, when the cost of inpatient admissions following SVR are 

excluded, the proportion that each resource contributed to the total costs changed 

significantly in the IFN-free cohort. The largest driver of post-SVR costs for both 

cohorts was laboratory investigations (49% and 32% (p<0.001) for IFN-based and IFN-

free cohorts, respectively). A statistically significant difference was observed in the 

proportion of expenditure on diagnostic procedures in the IFN-free regimens compared 

to the IFN-based regimens (p=<0.05). Further results are presented in Appendix 3 

Table A12 - Table A14. The most important difference is that, in the absence of 

inpatient admissions, the mean annual post-SVR costs in patient with compensated 

cirrhosis treated with IFN-free regimens is lower, by €171, than the mean annual costs 

of untreated HCV in patients with compensated cirrhosis (Appendix 3 Table A14). This 

contrasts with the significantly higher post-SVR costs that were observed when the 

cost of inpatient admissions were included in the analysis.  
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Figure 38: Sensitivity Analysis - Comparison of the proportion that each resource contributed to the overall 
mean annual post-SVR costs for the IFN-based and IFN-free cohorts  
The sensitivity analysis reassessed the proportion that each resource contributed to the overall mean annual post-SVR 
costs following exclusion of the cost of inpatient admissions 

 

6.7 Discussion – Sub-study 2 

The contrast observed in the baseline HCV characteristics between patients treated 

with the IFN-based and IFN-free regimen can account for the statistically significant 

differences in the utilisation of ambulatory care resources and subsequent expenditure 

in the post-SVR period.  

 

Given that treatment with IFN-based regimens was associated with a number of 

additional factors including challenging side effect profiles, many patients with 

advanced cirrhosis were withheld from treatment as a result of the findings from a 

study by Hezode et al 157. This study reported that, in cirrhotic patients exposed to 

protease inhibitor triple therapy (i.e. TPV/PR or BOC/PR) regimens, albumin levels <35 

g/L and platelet count ≤100,000m3 were independent predictors of death and severe 

complications. Thus, with the introduction of the IFN-free regimens in late 2014, 

patients whom had been withheld from IFN-based DAA treatment and now deemed in 

greatest clinical need, those with decompensated cirrhosis or compensated cirrhosis 
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and at risk of irreversible liver damage or death, were prioritised for treatment. 

However, although the IFN-free cohort consisted exclusively of patients with cirrhosis, 

the statistically significantly greater resource utilisation and expenditure in the post-

SVR period was unexpected and requires further investigation.  

 

In this study, the mean annual post-SVR ambulatory care expenditure was higher in 

the IFN-free cohort than the IFN-based cohort. The continued assessment of HCV-

RNA after confirmation of SVR is notable. Given the significant amount that these 

assays contribute to the mean annual post-SVR costs, investigation into the driver of 

these repeated assays is necessary. It is possible that there was a clinical concern with 

re-infection or delayed virological relapse that required monitoring. As clinician 

familiarity and confidence in the durability of the SVR12 achieved using IFN-free 

regimens grows, it is likely that this level of HCV testing will decrease.    

 

The results obtained in this study enabled us to make a comparison between the costs 

of untreated HCV and the costs accumulated during the post-SVR period for patients 

without cirrhosis, with compensated cirrhosis and with decompensated cirrhosis. We 

compared our post-SVR costs with the mean annual costs of untreated HCV reported 

in a study by Kieran et al in 2015 81. This enabled the identification of the benefits of 

successful treatment. The most significant difference was observed in patients with 

decompensated cirrhosis. Following a SVR12, the healthcare costs were statistically 

significantly lower (by €4,369) than the healthcare costs in untreated HCV-infected 

patients with decompensated cirrhosis. However, increases in expenditure post-SVR 

were observed in patients without cirrhosis (F0-F3) and in patients with compensated 

cirrhosis. A more detailed analysis of the cohort with compensated cirrhosis identified 

that the post-SVR costs in patients treated with IFN-based regimens was lower than 

the cost of untreated HCV in patients with compensated cirrhosis, however, those 

treated with IFN-free regimens had a greater expenditure in the post-SVR period than 



 

 184 

in untreated HCV, largely attributable to the cost of inpatient admissions in these 

patients. We noted statistically significantly higher resource utilisation and expenditure 

in patients with compensated cirrhosis treated with IFN-free regimens when compared 

with those treated with IFN-based regimens. However, the intensity of patient 

assessments would be anticipated to fall as clinicians become more familiar and 

confident in the treatment and in the SVR12 achieved. Additionally, the length of follow 

up period would have also had an impact. The costs of untreated HCV in the study by 

Kieran et al were established over a 3-year period and subsequently annualised. In this 

study, our costs were established over a 12-month period and it would be expected 

that the resource utilisation would decrease over time and thus, the mean annual costs 

would reduce.  

 

We completed a literature search to identify other studies that report post-treatment 

costs. In 2013, Manos et al reported post-treatment total (all-cause) costs per person 

per year of $6,301 (~€5,500) 377. However, the study did not report HCV-related 

healthcare costs independently and thus, comparison with our results, which report 

HCV-related healthcare costs, is difficult. Tandon et al reported HCV-related healthcare 

costs of $3,535 (~€3,110) per patient per year 378. However, this study included 

patients who completed therapy with PR alone but did not distinguish between those 

who achieved a SVR and those who did not.  

 

Despite strong evidence in studies by Innes et al and Van der Meer et al for improved 

prognosis with SVR, there has been some contradictory data suggesting that SVR-

achievement does not always provide a significant clinical benefit 390-396. There have 

been studies that have shown that the risk of disease progression is not eliminated with 

viral eradication, with some patients experiencing decompensation or the development 

of HCC despite achieving a SVR 390, 391, 397, 398. This may explain the higher cost of 
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diagnostic investigations in patients who achieved a SVR following treatment with the 

IFN-free regimens. Given the severity of their disease, continued monitoring for 

disease progression is necessary. Additionally, the WHO recommend screening for 

HCC with six-monthly ultrasound examinations in persons with cirrhosis, including 

those who have achieved a SVR 52.  

 

The high cost of inpatient admissions observed in the cohort treated with IFN-free 

regimens can be justified by the fact that prior to commencing treatment, these patients 

had advanced liver disease and/or present or previous history of decompensation and 

that achievement of a SVR12 does not completely eliminate the risk of further disease 

progression entirely. Of the seven patients admitted during the post-SVR follow-up 

period, six had a CTP score B/C and three had history of decompensation. These 

patients had significant liver disease on commencement of treatment and despite 

achieving a SVR12, continued to experience decompensation and other disease-

related complications which contributed to substantial expenditure on HCV-related 

admissions in this 12-month follow-up period. The sensitivity analysis demonstrated 

that in the absence of post-treatment admissions, laboratory investigations were the 

main driver of expenditure in both IFN-based and IFN-free cohorts and more 

importantly, that the mean annual post-SVR costs in patients with compensated 

cirrhosis fell to a level that is lower than the costs in untreated HCV.  

 

These data provide evidence of some reduction in HCV-related healthcare costs 

following a SVR12/24 but expenditure remains significant and raises questions about 

the financial benefit of treating patients if they continue to accrue substantial costs 

despite successfully clearing the virus. Given that the WHO recommend bi-annual liver 

ultrasounds in patients with cirrhosis, it is reasonable to expect some resource 

utilisation in the post-SVR period but not to the extent that was estimated in this study. 
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While we did highlight the limitation of comparing expenditure over a 12-month follow-

up period with the 3-year period in the untreated cohort, it would be more important to 

examine the clinical practice of physicians in the treatment units. It would appear that 

patients without cirrhosis are not being discharged from the clinics despite achieving a 

SVR and that patients with cirrhosis are undergoing monitoring assessments more 

frequently than is recommended. The outcomes from this sub-study would suggest that 

clinical or practice guidelines need to be updated (or developed), physicians should be 

presented with these data and changes in practice are required so as to stop 

unnecessary healthcare expenditure which could be used elsewhere.   

 

6.8 Results - Sub-study 3 

In total, a sample of 39 patients were included in this study. This included 12 patients 

who discontinued treatment prematurely while receiving treatment with BOC/PR and 27 

patients who were receiving treatment with TPV/PR.  

 

6.8.1 Patient Demographics 

The baseline demographic profile of the patients included in this study is presented in 

Table 37. The cohort was predominantly male (85%) and cirrhosis was present in 23%. 

The median age was 45 years (IQR 39-54). Patients previously treated with PR 

accounted for 39%. In those treated with TPV/PR, 30% had previous treatment 

experience while 22% had cirrhosis. In those treated with BOC/PR, 58% had previously 

received treated with PR while cirrhosis was present in 25%. There were no statistically 

significant differences observed in selected characteristics between the TPV/PR and 

BOC/PR subgroups.  
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Table 37: Baseline demographic profile of n=39  

 Total Cohort 

n=39 

TPV/PR 

n=27 

BOC/PR 

n=12 

P-value 

Male, n (%) 33 (85) 23 (85) 10 (83) 0.14 

Median Age (IQR) 45 (39-54) 43 (39-52) 50 (39-60) 0.886 

Treatment Experienced, n (%) 15 (39) 8 (30) 7 (58) 0.094 

Cirrhotic, n (%) 9 (23) 6 (22) 3 (25) 0.854 

Genotype, n (%)     

    GT1 6 (15) 5 (19) 1 (8.5) 

0.512     GT1a 30 (77) 20 (74) 10 (83) 

    GT1b 3 (8) 2 (7) 1 (8.5) 

 

6.8.2 Resource Utilisation in the Post-Discontinuation Period 

In the 12-month period following premature discontinuation, patients returned for an 

outpatient clinical assessment approximately 5 times (95% CI 3.4-6.5). During these 

visits, the patient was seen by a consultant grade physician or doctor-in-training on 

average 1.7 occasions (95% CI 1.2-2.2) or by a CNS 3.3 times (95% CI 2-4.6). The 

mean number of blood samples, for laboratory investigations, taken per patient per 

year was 4.6 (95% CI 3.1-6.2) and patients underwent HCV-PCR assays 1.8 times 

(95% CI 1.4-2.3) in the 12-month period following discontinuation. Referral to other 

hospital services was infrequent (Table 38). 

 

Table 38: Resources utilised by patients during the post-discontinuation period 

 Total Cohort 

n=39 

OPD Visit 5 (95% CI 3.4-6.5) 

Laboratory Investigations 4.6 (95% CI 3.1-6.2) 

HCV-PCR Assay 1.8 (95% CI 1.4-2.3) 

Referral 0.15 (95% CI 0-0.47) 

Admissions (Inpatient days) 0.3 (95% CI 0.06-0.7) 

Physician 1.6 (95% CI 1.2-2.2) 

Clinical nurse specialist 3.3 (95% CI 2-4.6) 

 

6.8.3 Mean Annual Healthcare Costs in the Post-Discontinuation Period 

The mean annual ambulatory care expenditure by a patient who discontinued 

treatment was €1,119 (95% CI €830-€1,403) (Table 39). Laboratory investigations 

were the greatest contributor to these costs (41%), with an average expenditure of 
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€459 per patient (95% CI €325-€605). This was followed by diagnostic procedures and 

staff, accruing annual mean costs of €217 and €180 per patient, respectively, following 

premature discontinuation. Liver ultrasounds (38%) and chest x-rays (19%) were the 

most costly components of the diagnostic procedures. 

 

Table 39: Costs accrued by patients during the post-discontinuation period 

 Total Cohort 

n=39 

Presence of cirrhosis 

n=9 

Absence of cirrhosis 

n=30 

P-
Value 

Laboratory Investigations €459 (95% CI €325-€605) €864 (95% CI €562-€1183) €337 (95% CI €207-€472) 0.001 

HCV-PCR Assays €118 (95% CI €92-€146) €136 (95% CI €83-€186) €112 (95% CI €81-€151) 0.515 

Diagnostic procedures €217 (95% CI €135-€313) €403 (95% CI €187-€641) €161 (95% CI €92-€254) 0.103 

Referrals  €19 (95% CI €0-€60) €74 (95% CI €0-€223) €3 (95% CI €0-€8) 0.363 

Staff €180 (95% CI €126-€238) €284 (95% CI €156-€417) €149 (95% CI €97-€217) 0.057 

Admissions €126 (95% CI €21-€282) €186 (95% CI €0-€452) €108 (95% CI €4-€305) 0.654 

Total  €1,119 (95% CI €830-€1403) €1,947 (95% CI €1389-€2456) €870 (95% CI €615-€1163) 0.001 

 

When stratified according to the presence or absence of cirrhosis, the mean annual 

laboratory costs and the mean annual total costs in the post-discontinuation period 

were statistically significantly higher in those with cirrhosis when compared with those 

without cirrhosis (p-value = 0.001 for both laboratory costs and total costs, 

respectively).  

 

6.8.4 Comparison of the Mean Annual Costs of Untreated HCV and Post-

Discontinuation Individuals 

We compared the post-discontinuation costs obtained in this study with the mean 

annual medical costs of untreated HCV reported by Kieran et al and the mean annual 

post-SVR costs reported earlier in this chapter 81. Kieran et al stratified the mean 

annual costs for untreated HCV into different stages of liver disease. We looked at the 

costs of untreated HCV and the post-SVR costs after treatment with IFN-based 

regimens in F0-F3 patients and those with compensated cirrhosis.  
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There was a statistically significant difference between the mean annual post-

discontinuation costs in individuals with F0-F3 fibrosis (mild to moderate disease) 

(€870) and the mean annual costs of untreated HCV for individuals with mild and 

moderate disease (€404), as reported by Kieran et al (p=0.003) 81. The difference 

between the post-discontinuation costs (€1,947) and the costs of untreated HCV 

(€1,762) were not statistically significant in the cohort of patients with compensated 

cirrhosis (p=0.850). Additionally, a statistically significant difference (p<0.001) between 

the mean annual post-discontinuation costs and the mean annual post-SVR costs was 

observed for both the cohort of patients with F0-F3 disease and those with 

compensated cirrhosis (Table 40). 

 

Table 40: Comparison between the mean annual costs for the untreated HCV, the post-SVR period and the post-
discontinuation period after IFN-based treatment 

 
Mean annual costs for 

untreated HCV (Kieran et 
al) 

Mean annual post-SVR 
costs following IFN-based 

treatment 

Mean annual post-
discontinuation costs 
following IFN-based 

treatment 

F0-F3 €404 (95% CI €354-€458) €505 (95% CI €378-€661) €870 (95% CI €621-€1155) 

Compensated 
cirrhosis 

€1,762 (95% CI €974-€3229) €521 (95% CI €308-€764) €1,947 (95% CI €1359-€2542) 

 

6.9 Discussion: Sub-study-3 

In this study, the mean annual post-premature discontinuation ambulatory care 

expenditure was substantial. In the 12-month window following treatment cessation, 

patients returned for an outpatient clinical assessment and for laboratory investigations 

approximately every 2.5 months. These laboratory investigations were the principle 

driver of the costs (41%) followed by diagnostic procedures. Diagnostic procedures 

accounted for 19% of the total costs and chest x-rays and liver ultrasounds were the 

most costly components of these. Despite ceasing treatment, patients continued to 

return to the outpatient department to undergo laboratory investigations and diagnostic 

procedures in order to treat the AE that led to the premature discontinuation, to monitor 
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the HCV infection and liver disease that was not successfully treated and/or to prepare 

for re-treatment with an alternative regimen.  

 

We compared these data with that reported by Kieran et al on the direct costs of 

untreated HCV infection in Ireland and with the mean annual post-SVR costs reported 

in this chapter. The mean annual costs following discontinuation in patients with F0-F3 

fibrosis was statistically significantly higher than the mean annual cost of untreated 

HCV. This is likely due to the need to continue to treat and monitor the AEs that 

resulted in the premature discontinuation. However, in patients with compensated 

cirrhosis, the mean annual costs of untreated HCV and following post-discontinuation 

were comparable and no statistically significant difference was reported. We observed 

that the mean annual costs following premature discontinuation were statistically 

significantly higher than the mean annual post-SVR costs for both patients with F0-F3 

fibrosis and patients with compensated cirrhosis. This highlights the importance of 

ensuring patient suitability to treatment through appropriate patient selection and pre-

treatment education. Premature discontinuation is costly, adding to the already 

substantial cost of treating patients with DAA-based treatment regimens and mean 

annual post-discontinuation costs are higher than the mean annual costs in untreated 

patients. The introduction of the IFN-free regimens has reduced the rate of premature 

discontinuation substantially, so much so that there was an insufficient sample of 

patients available from whom we could calculate the cost of discontinuation. Therefore, 

the budget impact of premature discontinuation is decreasing, ensuring more resources 

are available for the treatment of patients. These data provide evidence against the use 

of IFN-based regimens in HCV-infected patients. Both the high rate of discontinuation 

and the significant HCV-related healthcare costs in the 12-month period following 

discontinuation, which are greater than the costs of untreated HCV in both the F0-F3 
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and compensated cirrhotic populations, indicate that withholding treatment until access 

to the IFN-free regimens is available is a more appropriate use of resources.    

 

6.10 General Discussion  

This study reports the substantial real world DAA treatment costs, post-SVR costs and 

post-discontinuation costs in the Irish setting for both IFN-based and IFN-free 

regimens. Until now, real world cost data for HCV treatment in Ireland has not been 

available. Given the rapidly changing HCV treatment landscape, robust real world cost 

and resource data is essential for evaluating and understanding the costs and benefits 

of these treatments. Availability of both HCV medication costs and on-treatment costs 

pertaining to patient monitoring, management of AEs and inpatient admission, post-

SVR and post-discontinuation cost will benefit those preparing submissions to HTA 

agencies, who have previously relied on out-dated data from other jurisdictions 399.  

 

Some observations were remarkable, in particular, the significant expenditure on 

patients despite achieving virological clearance. The costs estimated would question 

the benefit of treating these patients if, as determined, the costs after SVR are 

comparable or higher than those costs in patients who did not receive treatment. These 

outcomes would suggest that there is a need to change, or implement, clinical 

guidelines for managing patients after viral eradication. These guidelines need to 

define the frequency of post-SVR assessments, the assessment process itself and the 

stage at which a patient should be discharged from care. In instances where the patient 

will require continued monitoring, for example in patients with cirrhosis, a clearly 

defined assessment pathway is required to ensure appropriate use of resources.  
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The use of IFN-based regimens continues to be recommended in some patient 

cohorts, particularly those with F1-F2 fibrosis. However, the substantial costs of the 

management of DAA- and PR-related adverse events, the high discontinuation rate 

and the costs reported for the post-premature discontinuation period merit reviewing 

whether, from a cost perspective, patients should be treated with IFN-based regimens, 

irrespective of the disease severity. Incorporating these data into a cost-analysis may 

indicate that the cost of treatment with the IFN-based regimens is, in fact, comparable 

to treatment with IFN-free regimens.    

 

This study has several strengths and limitations. To our knowledge, the results 

reported for the IFN-free cohort are the first to estimate the direct treatment costs and 

post-SVR costs for a cohort with advanced liver disease treated with IFN-free 

regimens. It is also the first to present detailed estimates of the on-treatment monitoring 

and management costs for both IFN-based and IFN-free regimens. These data have 

proved valuable, as demonstrated by their inclusion in recent HTA submissions to the 

NCPE 400. Additionally, the availability of patient level data from the study by Kieran et 

al facilitated the analysis for statistical significance between the untreated and post-

treatment costs. Societal costs are not considered in the study as we focused on the 

direct medical costs from the payer’s perspective.  

 

In these costing studies, we included all patients for whom we could collect 

comprehensive resource utilisation data. Data collection for these studies involved 

additional site visits and extensive searching of patient charts and the hospital 

electronic records. In some treatment units, access to electronic patient records was 

limited and therefore, we were unable to capture sufficient utilisation data for inclusion 

into the study. Additionally, in all sub-studies, particularly in the post-discontinuation 

study, there were patients who were lost to follow-up, mainly as a result of disengaging 
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from the clinical services, and were therefore not captured in the analysis. This is 

despite us undertaking further analysis within the hospital electronic records and 

identifying that these patients had not engaged with other services within the hospital 

over the course of our study period. While the registry enabled us to investigate 

whether these patients attended hepatology or infectious disease units in other 

hospitals, the lack of data linkage prevented us from identifying whether they engaged 

with other services in alternative hospitals. The analysis of costs in this study focused 

on HCV-related healthcare expenditure, which included the costs of referral and 

investigations carried out by other services/hospital departments for the treatment of 

co-morbidities or side effects relating to their HCV. However, the cost of treating other, 

non-HCV related conditions (e.g. cancer, diabetes etc.) was beyond the scope of this 

study.    

 

Additionally, while there may be perceived limitations when it comes to the 

generalisability of cost studies outside of the healthcare system in which they were 

conducted, the information provided in this study will allow others to adapt the 

methodology and apply unit costs reflective of their healthcare system, reinforcing the 

applicability of this data outside of Ireland.   

 

6.11 Conclusion 

This study reports the cost of IFN-based and IFN-free therapy in real world practice in 

Ireland. It provides valuable information about the mean cost per treatment, the cost 

per SVR, the cost-consequences of premature discontinuation and the HCV-related 

healthcare costs following successful treatment with DAA treatment regimens. These 

up-to-date data form a comprehensive assessment of the real world costs of treating 

HCV infection in Ireland. This provides information beneficial to decision-makers 

involved in reimbursement and health policy in the post-reimbursement era and for use 
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in future economic evaluations of HCV regimens (e.g. elbasvir and grazoprevir) in 

Ireland.   

 

Additionally, we provide evidence to support the implementation of guidelines for the 

treatment and discharge of patients. There is significant variation in the resource 

utilisation by patients while on treatment and utilisation remains substantial in the 

‘follow-up’ period after treatment. While ensuring that they provide the best, and most 

appropriate, level of care, physicians need to consider the consequences of 

inappropriate resource utilisation. Guidelines should outline the frequency of patient 

assessments, the investigations and tests to be undertaken at each assessment and a 

timeline for discharging patients after successful treatment. Overuse of resources will 

impact the healthcare budget and the number of patients that can be treated. It is in the 

interested of the treating physicians, and the HSE, that guidelines are developed and 

adhered to, to ensure optimal allocation of the HCV drugs budget.  
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Chapter 7 Attitudes and Perceptions of Stakeholders to the 

Irish Hepatitis C Treatment Registry  

7.1 Introduction 

The Irish national HCV treatment registry, established in 2012, was the first national 

registry in Ireland with multidisciplinary involvement. The aim of this registry was to 

determine the real world effectiveness and economic impact of drug treatments 

licensed for use in HCV infected patients in Ireland. There are many stakeholders who 

have had input into the development of the registry and the analysis of the outcomes to 

date.  

 

Given the long-term commitment of resources associated with the development and 

operation of a registry, it is important to evaluate the registry itself, to ensure that it is 

meeting its objectives in an efficient manner, but also to evaluate the perception and 

attitudes of stakeholders to the registry. Optimal use of the registry is important to 

ensure that the research output is used and disseminated appropriately to drive policy 

within the health service and to enhance the quality of care among providers. In order 

to be of optimal use within the health services, there must be an awareness of, and 

access to, these data 401. 

 

A number of studies have assessed provider perception to registries and found both 

positive and negative attitudes towards them. A lack of training, cost and time were 

identified as barriers to their use 402-404. The continued success of the national HCV 

registry depends on the support of the stakeholders, identification of the perceived 

value of the registry, the recognition of areas for improvement and implementation of 

these findings to facilitate better registry operation and use. Given that it has now been 

four years since the HCV registry was established in Ireland, the overall aim of this 

study was to determine the perception, knowledge and attitudes to the HCV treatment 
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registry in Ireland among key stakeholders. The objectives of this study included 

assessment of: 

 The perceptions around the purpose, benefits and value of the registry 

 The experience with the operational aspects of the registry 

 The key areas for improvement  

 The knowledge around key terms relating to generation of evidence for 

therapeutic interventions 

 

7.2 Methods 

Quantitative survey methodology was used to achieve the study end-points. Two 

surveys were developed: one for non-nursing clinical and non-clinical stakeholders 

(henceforth described as the non-nursing stakeholders) and one for nursing 

stakeholders. Stratifying the stakeholders was justified based on the clear differences 

between the two cohorts in terms of involvement in the registry. Choice of questions 

was derived from other similar studies and modified following piloting 402, 403, 405, 406. 

Surveys consisted of a mixture of open and closed-questions. Multiple-choice 

questions were designed to allow more than one option to be selected. Surveys were 

piloted on a sample of stakeholders from both cohorts prior to dissemination. Feedback 

from the pilot phase was considered and incorporated into the surveys, where 

appropriate. Surveys contained 25 (non-nursing stakeholder survey) and 26 (nursing 

survey) items in total. The surveys consisted of questions on respondents’ 

demographics, their familiarity with the registry and their perceptions and attitudes 

towards the registry. Ethical approval for the study was obtained through the St. James’ 

Hospital/Tallaght Hospital Research Ethics Committee (No. 2016/05/09). 

 

Purposive sampling methods were used to identify stakeholders to facilitate data 

collection. The sampling frame for the non-nursing stakeholder survey was drawn from 
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current members of ICORN, while the sampling frame for the nursing survey was the 

Irish Hepatology Nursing Association (IHNA) with the addition of CNSs in infectious 

diseases. All respondents completed an online survey administered through Survey 

Monkey™.  

 

Identified stakeholders were invited to participate through a personal email with a link 

to the online web URL. A second reminder email was sent to all selected for 

participation two weeks after the initial invitation email was distributed.  

 

7.2.1 Data Collection and Analysis 

Survey data was downloaded from the online website (Survey Monkey™). Narrative 

data received in response to open-ended questions underwent a process of enrichment 

where applicable, and answers were categorised based on identified themes. The 

narrative responses were read and re-read to capture an overall sense of the 

information provided. Themes and sub-themes were then established. Final datasets 

were imported into SPSS Version 21 (IBM Corp, Armonk, NY, USA) for descriptive 

analysis. 

 

7.3 Results  

7.3.1 Response Rate 

A total of 28 individuals responded to the survey and were included in the analysis 

(response rate 39%); 16 responded to the non-nursing survey (response rate 33%) 

while 13 responded to the nursing survey (50% response rate).  
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7.3.2 Demographic Profile of Respondents 

In the non-nursing survey, 46% (n=7) of the respondents were physicians (consultant-

grade or doctor in-training), 27% (n=4) were pharmacists and 27% (n=4) were 

researchers or scientists. The roles of the nursing respondents spanned CNSs, staff 

nurses and specialist research nurses. HCV and infectious diseases were the most 

commonly reported areas of practice (54% (n=15) and 25% (n=7), respectively). Other 

areas of practice included virology, immunology and transplantation while three 

respondents reported ‘other’ as their area of practice. The mean number of years that 

respondents had been working in their area of practice was 12 years (range 2-28 

years), with the majority having between 11-15 years of experience in this area of work 

(29%, n=8).  

 

7.3.3 Role in the HCV Treatment Registry 

The majority of respondents reported having more than one role in the HCV registry 

(75%, n=21), spanning both clinical and operational aspects.  

 

7.3.3.1 Non-nursing Stakeholders 

Clinical roles described by the non-nursing respondents included treatment of patients 

with DAA-based regimens (60% (n=9)), education of patients prior to and during 

treatment with DAA-based regimens (33% (n=5)), and supply of medications and 

pharmaceutical care to patients treated for HCV infection with DAA-based therapies 

(13% (n=2)). Three respondents were involved in virological testing (13%, n=2) and 

immunological testing (7%, n=1) of patients prior to and during treatment.  

 

Involvement in the operational aspects of the registry encompassed interpretation and 

review of treatment outcomes (27% (n=4) and 13% (n=2), respectively) and data input 
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and maintenance of the registry (7%, n=1). In addition, over half (53% (n=8)) of the 

respondents were involved in research projects for patients with HCV infection 

facilitated by the registry (Table 41).  

 

7.3.3.2 Nursing Stakeholders 

Some 90% of the nursing staff reported involvement in both the education and 

treatment of patients with DAA-based regimens (92% (n=12) and 92% (n=12), 

respectively). Additionally, 54% (n=7) of nurses took blood samples for patients 

receiving treatment.  

 

This cohort played a significant role in the operational aspects of the registry. The 

majority were involved in the patient registration process (85%, n=11) and 77% (n=10) 

reported involvement in the patient consent process. Other operational roles included 

the collation of and review of outcomes of patients during and following completion of 

treatment (46% (n=6) and 39% (n=5), respectively) (Table 41).  

 

Table 41: Roles of stakeholders in the HCV treatment registry 

 Non-nursing stakeholders 

n/N (%) 

Nursing stakeholders 

n/N (%) 

Treat patients 9/15 (60%) 12/13 (92%) 

Educate patients 5/15 (33%) 12/13 (92%) 

Provide pharmaceutical care 2/15 (13%) N/A 

Virological testing 2/15 (13%) N/A 

Immunological testing 1/15 (7%) N/A 

Blood samples N/A 7/13 (54%) 

Register patients N/A 11/13 (85%) 

Obtain consent N/A 10/13 (77%) 

Collate outcomes N/A 6/13 (46%) 

Review outcomes 2/15 (13%) 5/13 (39%) 

Interpret outcomes 4/15 (27%) N/A 

Other research projects 8/15 (53%) N/A 

Other 1/15 (7%) 0/13 (-) 

N/A – Not applicable – This question was not asked in the survey 
Respondents were able to select more than one option in answering this question 
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7.3.4 Non-nursing Survey Results 

7.3.4.1 Perceived Purpose 

The majority of respondents considered monitoring of treatment outcomes as one of 

the main purposes of the registry (93%, n=14). The ability to assess the cost-

effectiveness of treatments (80%, n=12) and to allow robust research studies to be 

undertaken (80%, n=12) were two other frequently selected purposes (Table 42).  

 

Table 42: Perceived purpose of the registry 

 Non-nursing stakeholders 

n/N (%) 

Nursing stakeholders 

n/N (%) 

Monitor patient numbers 10/15 (67%) 13/13 (100%) 

Monitor outcomes 14/15 (93%) 13/13 (100%) 

Monitor AEs 3/15 (20%) 8/13 (62%) 

Identify gaps in service provision 5/15 (33%) 7/13 (54%) 

Provide up-to-date data for policy-makers 8/15 (53%) 11/13 (85%) 

Evaluate the evolution of the registry 10/15 (67%) 11/13 (85%) 

Assess the cost-effectiveness of treatments 12/15 (80%) 1/13 (8%) 

Allow for robust research studies 12/15 (80%) N/A 

N/A = Not applicable – This selection was not available in the survey 
Respondents were able to select more than one option when answering this question 

 

7.3.4.2 Perceived Benefits 

All respondents reported the ability to assess real world effectiveness of the DAA 

treatment regimens as a benefit of the registry. The ability to compare the Irish 

outcomes with those of other countries (73%, n=11) and the ability to longitudinally 

follow-up patients treated for HCV infection (73%, n=11) were cited as additional 

benefits. Table 43 presents all the benefits that were reported, stratified by stakeholder 

respondents.   
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Table 43: Perceived benefits of the HCV treatment registry 

 Non-nursing 
stakeholders 

n/N (%) 

Nursing 
stakeholders 

n/N (%) 

To assess the real world effectiveness of DAA-based HCV treatment 
regimens 

15/15 (100%) 12/13 (92%) 

To assess the real world costs of DAA-based HCV treatment regimens 10/15 (67%) 11/13 (85%) 

To assess the rate of AEs 5/15 (33%) 6/13 (46%) 

To provide visibility and transparency of treatment outcomes 0/15 (0%) 10/13 (77%) 

To compare Irish real world outcomes with those of other countries 11/15 (73%) 11/13 (85%) 

For effective management of resources 6/15 (40%) 9/13 (69%) 

For efficient allocation of resources 5/15 (33%) 9/13 (69%) 

A rich source of research on patients treated with DAA-based HCV 
treatment regimens 

10/15 (67%) 0/13 (0%) 

The ability to longitudinally follow-up patients treated with HCV 11/15 (73%) 0/13 (0%) 

To biobank samples 5/15 (33%) 0/13 (0%) 

Respondents were able to select more than one option in answering the question 

 

7.3.4.3 Perceived Value 

Overall, 93% (n=14) of respondents believed that the registry was a ‘highly valuable’ 

tool. The remaining respondent reported that it was ‘somewhat valuable’. The 

consensus amongst this cohort was that the outcomes from the registry were important 

to the respondents in their work with 73% (n=11) who felt that the outcomes were ‘very’ 

or ‘extremely’ important.  

 

Narrative comments which were suggestive of potential ways of enhancing the value of 

the registry included the development of an electronic platform which would allow 

patient registration, approval, consent and treatment data (treatment regimen of choice, 

treatment start date, date of treatment completion and outcomes) to be inputted 

instantaneously at each site, thus, streamlining the administration processes and 

facilitating data accessibility.  

“…easier input and access to data (via an App perhaps)”  

“Ideally, an electronic platform accessible to nurses, physicians etc. at all treatment 

sites….allowing outcomes to be inputted instantaneously…..reduce paperwork”  

“By utilising a digital, user-friendly system to obtain data from sites”  
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The respondents described the need for clearly defined research goals, an improved 

process for accessing data for further research studies and publication or presentation 

of the research findings in international peer-reviewed journals or at international 

conferences as additional ways to enhance the value of the registry. 

“…a formal process for submitting research proposals that would utilise the registry 

data”  

Other ways in which the non-nursing stakeholders felt that the registry could be 

enhanced were through improvement of the communication of outcomes and 

facilitating data sharing between each treatment site.  

“More accessibility to the data at a local level”  

“Improved accessibility of outcome data”  

Additionally, inclusion of all HCV patients and greater participation and involvement 

were cited as ways to enhance the registry. One clinician believed the value of the 

registry would be enhanced if it received adequate recognition from policy-makers. 

“….official recognition by the HCV treatment programme”  

“….expand it to all HCV patients”  

and 

“Greater buy-in at each treatment site”  

 

7.3.4.4 Concerns 

When asked to select the issues that concerned them the most about the registry, 60% 

(n=9) highlighted time as an issue and 27% (n=4) felt that communication of outcomes 

amongst the stakeholders was a concern that required action. 
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Registry activities, including the patient registration and patient consent process, 

resulted in an increased workload for 40% (n=6) of the non-nursing stakeholders. 

Despite this, respondents often felt that the drawbacks were outweighed by the 

benefits. 

“I am interested in being an active member of the network. It does not increase my 

workload significantly, or to the extent that it would discourage my involvement” 

“The paperwork adds to my workload. However, this brings benefits which outweigh the 

time cost” 

The remaining 60% (n=9) did not indicate that the registry increased their workload. Of 

those who reported that the patient registration and consent process was applicable to 

them (n=3), 67% (n=2) reported a ‘mostly or altogether’ positive experience while 33% 

(n=1) reported a ‘neutral’ opinion.  

 

In addition to the issues outlined above, narrative comments brought additional 

concerns to light. These included 

“Appropriate biobanking of samples” 

“Timely receipt of information on patients started treatment and subsequently, their 

outcomes” 

There was also concern expressed about the ability to utilise data samples for further 

research, low levels of stakeholder participation and the reporting of outcomes to a 

wider, international audience. 

“Ability to utilise data samples in research” 

“Stakeholder buy-in and involvement” 

“….disseminate the research output to a wider, international audience in a timely 

manner” 
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7.3.4.5 Areas Identified for Improvement and/or Change 

The HCV treatment registry currently operates an ‘opt-in’ consent process. An opt-out 

process was considered to be beneficial by 87% (n=13) of respondents. There were a 

number who were unsure or not in favour of an ‘opt-out’ consent process. One 

physician felt that an opt-out process would reduce the quality of data collected.  

“It will result in poorer data capture and detract from the validity of the end research. If 

you are going to do it, you need to do it properly” 

 

The patient registration process was identified as a key area for improvement (53%, 

n=8). All those involved in patient registration were in favour of utilising an electronic 

registration process. Other areas identified were the communication pathways amongst 

all stakeholders (60%, n=9) and the accessibility to the data (40%, n=6) (Table 44).  

 

Table 44: Key areas for improvement in the HCV treatment registry 

 Non-nursing 
stakeholders 

n/N (%) 

Nursing 
stakeholders 

n/N (%) 

Operational    

Reduction in paperwork/administration 0/15 (0%) 10/13 (77%) 

Patient consent process 2/15 (13%) 5/13 (39%) 

Patient registration process 8/15 (53%) 0/13 (0%) 

Training 1/15 (7%) 4/13 (31%) 

Implement an electronic registration and approval process 1/15 (7%) 0/13 (0%) 

Additional staff to collect data 0/15 (0%) 1/13 (8%) 

Other   

Feedback of treatment outcomes 5/15 (33%) 8/13 (62%) 

Communication  9/15 (60%) 0/13 (0%) 

Accessibility of data 6/15 (40%) 1/13 (8%) 

Participation of stakeholders 1/15 (7%) 0/13 (0%) 

Respondents were able to select more than one option in answering the question 

 

Stakeholders were asked about the perceived importance of individual health identifiers 

(IHIs). All respondents reported that they felt the introduction of these identifiers were 

important (27%, n=4) or very important (73%, n=11) for the registry and future health 

services research.  
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7.3.4.6 Knowledge of Key Terminology§ 

The respondents to the non-nursing survey (n=15) had a very clear understanding of 

the differences between these RCTs and observational studies with 93% (n=14) 

providing a correct assessment of the differences between them. The majority 

identified the low risk of bias associated with RCTs while recognising that observational 

studies utilised a real world population with less stringent inclusion and exclusion 

criteria. Similarly, 87% (n=13) were able to clearly distinguish between efficacy and 

effectiveness.   

 

7.3.5 Nursing Survey Results 

7.3.5.1 Perceived Purpose 

All nursing staff reported the monitoring of the number of patients receiving treatment 

and the monitoring of treatment outcomes as a purpose of the registry. Additionally, 

many reported that one of the purposes was to provide up-to-date data for use by 

policy-makers with responsibility for planning and evaluating health services (85%, 

n=11) and to evaluate the evolution and implementation of the HCV treatment program 

(85%, n=11). Other perceived purposes are presented in Table 42.  

 

7.3.5.2 Perceived Benefits 

The ability to assess the real world effectiveness of the DAA-based treatment regimens 

was the most commonly perceived benefit of the registry (92%, n=12) in this group. 

Other frequently reported benefits were the ability to assess the real world costs of 

treatments (85%, n=11) and the ability to compare Irish real world treatment outcomes 

                                                
§ The RCT is a trial in which subjects are randomly assigned to one of two groups: one (the experimental group) receiving the intervention that is being tested, 

and the other (the comparison or control group), receiving an alternative (conventional/placebo) treatment. Appropriately designed RCTs report treatment 

“efficacy”, a measure of the capacity of a treatment to produce the desired effect in a controlled environment Observational research involves the direct 

observation of individuals in their natural setting and report treatment “effectiveness” Effectiveness refers to “the extent to which a drug achieves its intended 

effect in the usual clinical setting”. 
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with those of other countries (85%, n=11). Table 43 presents some other benefits that 

were reported by respondents. 

 

7.3.5.3 Perceived Value 

Nursing respondents felt that the registry was a valuable tool with 77% (n=10) stating 

that it was ‘highly valuable’ and 23% (n=3) felt it was ‘somewhat valuable’. Within this 

cohort, 54% (n=7) believed that the outcomes were important to their work. The 

remaining six respondents felt they were ‘moderately’ (39%, n=5) or ‘slightly’ (8%, n=1) 

important.  

 

Narrative comments suggested a number of ways that the value of the registry could 

be enhanced. These included the establishment of an electronic platform for patient 

registration or provision of additional staff whose role was to collect data from each 

treatment site, exclusively, therefore reducing the workload of the nursing staff.  

“An online system….it would streamline the referral process” 

“….if there was one person collecting data for all treatment centres…..like that of the 

state-infected patients”. 

Improving access to data and communication pathways were also commonly cited as 

ways to enhance the registry. 

“…..hear outcomes from other centres” 

“easier access to the information….improve information sharing” 

“if the database was set up in such a way that the information could be accessed by us 

all” 
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7.3.5.4 Concerns 

Time (92%, n=12) and the additional paperwork (92%, n=12) were the most commonly 

reported concerns amongst the cohort of nurses. Gathering of treatment outcomes 

(54%, n=7), which was often duplicating workload, communication of data amongst 

stakeholders (39%, n=5), being provided with sufficient information about ones role 

(15%, n=2) and data protection (15%, n=2) were also reported. 

 

All nursing staff respondents stated that since the introduction of the registry, their 

workload had increased due to the additional paperwork that was required to be 

submitted. They felt overwhelmed by the volume of paperwork that was required for 

registering a patient for treatment and an electronic process was suggested as a way 

to streamline this aspect of their role. 

“Paperwork, would be nice to be electronic” 

“The forms require a lot of information. There are several forms to be filled out and 

faxed” 

 

The entire cohort had experience with the patient registration process and 77% (n=10) 

found it to be a ‘mostly or altogether’ positive experience while the remaining 23% 

(n=3) reported a ‘neutral’ opinion. Eleven respondents reported experiencing the 

patient consent process, with 82% (n=9) stating that it was a positive experience and 

21% (n=3) reporting a ‘neutral’ opinion.  

 

7.3.5.5 Areas Identified for Improvement and/or Change 

All respondents were in favour of an online electronic patient registration process. 

When asked, 77% (n=10) felt that a transition to an ‘opt-out’ process would be 

beneficial while 23% (n=3) were unsure, and stated that they would like further 
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information before making a decision, or were not in favour of an ‘opt-out’ consent 

process. These respondents felt it was important that patients were informed about the 

registry and understood the process. 

 “I think it is important for patients to understand the ICORN process. It is a time to 

explain all this to them and also for them to understand their data is collecting 

anonymously” 

“Is there a legal precedent for this? I see patient consent as an important issue” 

 

A reduction in the volume of paperwork/administration (77%, n=10) was the most 

frequently cited operational aspect of the registry that required improvement in addition 

to the patient consent process (39%, n=5). The timely feedback of treatment outcomes 

(62%, n=8) was also highlighted as an area for improvement by this group (Table 44). 

 

The nursing staff were asked whether assistance on data management skills and 

setting up in-house databases would be useful to them. Ten respondents (77%) felt 

that this would be helpful while three (23%) were undecided as to whether this would 

be beneficial. Training on data management skills (40%, n=4), upgrading of current in-

house databases (30%, n=3), setting up an in-house database (20%, n=2) and the 

provision on a data collector (10%, n=1) were the types of assistance that would be of 

value to them.  

 

All respondents considered the introduction of IHIs to be an important (54%, n=7) or 

very important (46%, n=6) step for the continued success of the registry. 
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7.3.5.6 Knowledge of Key Terminology 

Over two-thirds of nursing staff respondents (69% (n=9)) recognised many of the basic 

characteristics of RCTs such as the random allocation of treatment arms and the 

reduction in bias, while 15% (n=2) understood the concepts of an observational study.  

A number reported that observational studies did not include any interventions or 

treatments. Two respondents correctly identified the differences between efficacy and 

effectiveness.   

 

7.3.6 Overall Satisfaction with the HCV Registry 

Overall, between the two cohorts, 79% (n=22) were satisfied with their involvement in 

the registry while 21% (n=6) were undecided. The level of satisfaction with the registry 

was similar between the two groups (Figure 39). 

 

 
Figure 39: Level of satisfaction with the registry reported by respondents and stratified by cohort 

 

 A number of satisfied respondents provided more detailed answers. 

“Membership of the network has been very beneficial on a personal and professional 

level, both for me as an individual and for my institution” 
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“The registry is an excellent example of how well designed data collection can inform 

national treatment guidelines…..which ultimately improve patient outcomes…” 

“It is fundamental to the whole treatment process currently and for identifying future 

needs of HCV management in Ireland” 

 

Others, undecided about their level of satisfaction, reported the challenges they found 

with their involvement such as the extensive barriers that appear to be in place to 

access data and report research outcomes and the need for additional resources 

(financial and staff) to continue to expand the role of the registry. 

“….too many barriers to overcome in order to access data and report research 

outcomes internationally..” 

“At present, I feel I cannot give it the time it requires” 

“Information is not being disseminated. Large amounts of data, which have been 

collected locally at the request of ICORN, have not been collected” 

“The registry is a fantastic tool that can be utilised better and more efficiently…room to 

improve which may require additional resources such as staff and funding…” 

 

7.4 Discussion 

The aim of this study was to determine the perception, knowledge and attitudes to the 

HCV treatment registry in Ireland among key stakeholders. Our findings suggest that 

the majority of respondents believed the registry to be a highly valuable tool and that 

the outcomes are important to their practice. The overall attitude of stakeholders was 

one of positivity while also providing clear feedback on areas for improving and 

enhancing the value of this tool.  
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There were wide variations in views about the purpose and benefits of the registry. 

However, most respondents recognised the monitoring of the number of patient 

receiving treatment and the monitoring of treatment outcomes as the primary roles. 

When we compared the two surveys, responses were significantly polarised, reflecting 

the different roles that nursing staff play in comparison to the non-nursing stakeholders 

in the operation of the registry. A larger proportion of nursing staff reported playing a 

role in the operational aspects, such as patient registration, patient consent and 

collating outcomes when compared with the non-nursing stakeholders. Given that the 

survey of non-nursing stakeholders did not include those with patient-facing roles 

exclusively, i.e. many were researchers or scientists, it was expected that the roles of 

this cohort would be more varied, with a large proportion reporting roles in HCV-related 

research.   

 

An area of particular concern highlighted by this study was the perceived increase in 

workload, mainly due to additional administrative tasks, that was reported by nursing 

staff. The patient registration process was a particular issue of concern. It was felt that, 

in order to become more efficient and less time-consuming, an online registration 

system was required to be developed. Many respondents, from both survey cohorts, 

suggested that an electronic platform (potentially via an App), that is easy-to-use and 

accessible at all treatment sites and by ICORN operations, be developed. This would 

facilitate the processing of patient registration and reimbursement approval and allow 

treatment details such as the start date, the end date, the outcome and any other 

relevant details to be uploaded in a simple and time-efficient manner. It would prevent 

the potential for duplication of patient registration and workload. Other issues reported, 

which are essential to the continued evolution and success of the registry were 

communication and accessibility to the data. A number of respondents felt that the 

channels of communication were currently inadequate. They believed that the reporting 
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and dissemination of outcomes was not being communicated to all treatment centres 

and this was impacting stakeholder buy-in and participation. In addition to this, there 

was a view that there should be better and easier access to the data that could be 

utilised by stakeholders for their own research.  

 

The study findings established ways in which the value of the registry can be 

enhanced. Three key themes, which have already been discussed, were identified. 

Firstly, the development of an electronic platform, accessible at each treatment site 

was a common finding throughout this survey. While this may be a resource-intensive 

solution, it is clear that the current system is too demanding on the nursing staff who do 

not have sufficient time to complete the operational registry roles required of them, as 

they currently stand. Therefore, an electronic platform that improves efficiency and 

lowers the workload of stakeholders is key to optimising the number of patients 

registered, approved and receiving treatment and the ‘real-time’ reporting of outcomes. 

The second theme identified for enhancing the value of the registry is the formation of a 

formal process for submitting research proposals and gaining access to the data. 

Providing greater access to the data has the potential to increase collaboration 

amongst stakeholders and improve the overall quality of the research. Finally, issues 

relating to communication frequently arose. Respondents want clearer communication 

pathways with regular updates on the research studies in progress and the outcomes 

from these studies. There was particular emphasis on the requirement for the reporting 

of site-specific outcomes and comparison between treatment sites.   

 

Respondents understanding of the differences between RCTs and observational 

studies and efficacy and effectiveness between the two survey cohorts was analysed. 

The level of understanding between the two cohorts was diverse. This suggests the 

need to provide better education or information to stakeholders about these study 
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types, about the registry and the impact of the findings on health-policy. This will 

increase the overall knowledge-base of stakeholders. A better understanding of these 

research methods may potentially lead to greater stakeholder involvement and 

participation with the registry.    

 

Overall, findings suggest that the majority of stakeholders (79%) were satisfied with 

their involvement in the registry and recognise the benefit and value of their 

participation. However, the challenges and areas for improvement identified were the 

key findings from this survey. Acting on these findings and making the necessary 

changes are required in order to ensure the continued success of the registry. 

 

By seeking the opinions from key stakeholders and by working to improve the issues 

that have been raised in this survey, we are be confident that this will lead to improved 

stakeholder participation, enhance the value of the registry and lead to more robust 

research outcomes.  

 

7.4.1 Limitations 

While this study investigated the attitudes and perceptions of key stakeholders to the 

national HCV registry in Ireland, it had some limitations. Although a response rate of 

39% is considered high, those who took the time to complete the survey may not be 

representative of the entire group of registry stakeholders. In particular, the view of 

physicians may be under-represented in this study.  

 

An additional limitation of the study was the familiarity of responders to the registry. All 

respondents considered themselves familiar with the registry. However, it is possible 

that many of those not familiar with the registry did not respond.  
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Finally, the option for respondents to select more than one answer to a number of 

questions may reduce the impact of these questions. A limit of three answers on the 

questions relating to the role of the respondent, the purpose, the benefits and the 

concerns regarding the registry may have resulted in a clearer view of both 

respondents understanding of the registry and priority action points for improvement. 

This was not identified as an issue during the pilot-testing phase.  

 

Despite this, a useful insight into the views of stakeholders has been obtained and key 

areas for enhancing the value have been identified. 

 

7.5 Conclusions 

The findings of this study identified the high level of satisfaction with the registry and 

the high level of value that stakeholders place on the Irish national HCV treatment 

registry. The existing concerns of stakeholders provide a helpful insight into the 

difficulties that they currently face, the barriers to their involvement and identified key 

areas for improvement that will ultimately enhance the value of the registry. There is a 

clear need to improve the efficiency of the operational aspects of the registry for 

nursing staff and to improve the communication amongst all stakeholder. 

Communication is fundamental to the success of the registry and a commitment to 

promote better channels of communication for the reporting and dissemination of the 

research outcomes is necessary. 

 

The existing positivity towards the registry, combined with taking the necessary action 

on the priority points identified, should result in the continued success of the national 

registry, a tool that is fundamental to the treatment and management HCV infection 

and the reimbursement of HCV drugs in Ireland. 
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Chapter 8 Practical Applications Using Observational Data 

from the National HCV Treatment Registry 

8.1 Introduction 

Analytical methods used in the healthcare decision-making process often rely solely on 

data from RCTs. NMAs, which have the ability to estimate the relative treatment effect 

of multiple treatments simultaneously in the absence of head-to-head studies, 

traditionally include data from RCTs, exclusively 252, 263. However, these data can have 

limited generalisability to the clinical setting and the inclusion of observational data in 

the NMA may improve the applicability of the relative treatment effect to the real world 

setting.   

 

Economic modelling is an approach that is frequently used to estimate the cost-

effectiveness of new and existing healthcare interventions. It provides a long-term 

outlook of healthcare costs and gains, extrapolating from available short-term data 147. 

Given that these models are required by HTA agencies to facilitate reimbursement 

decisions before sufficient and country-specific observational data is available, they are 

typically populated with data from RCTs and published literature and make the 

assumption that the clinical effectiveness will mirror the clinical trial efficacy. The 

limitations of such an approach are acknowledged and the impact that this may have 

on the estimation of the cost-effectiveness of these therapies and subsequent 

reimbursement decisions is recognised.  

 

Prior to undertaking the research for this thesis, there was no data available on the 

clinical effectiveness or the real world HCV-related treatment costs for DAA regimens 

in the Irish setting. In this chapter we aim to: 
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 Part 1: Assess the impact of including observational data in the network meta-

analysis**. The NMA was informed by the systematic literature review study 

reported in Chapter 4 with the addition of outcome data generated in Chapter 5. 

 Part 2: Assess the impact of including the estimates of clinical effectiveness 

(Chapter 5) and HCV-related treatment costs (Chapter 6), derived from this 

thesis, on the cost-effectiveness of TPV/PR and BOC/PR. These estimates 

were inputted into an independently produced economic model designed by a 

colleague in the NCPE. The aim of this model was to directly compare the cost-

utility of these two agents in the Irish setting. 

 

8.2 Part 1: Network Meta-Analysis 

8.2.1 Methods 

The systematic literature review presented in Chapter 4 was reported in accordance 

with the PRISMA criteria 292. Three thousand, three hundred and seven records were 

identified from PubMed, EMBASE and conference proceedings. Following the 

application of eligibility criteria, 86 studies, which reported the efficacy or effectiveness 

of ten different treatment regimens, were selected for inclusion 97-105, 110-113, 116-118, 121, 123-

130, 157, 289, 290, 298-355. The ten treatment regimens identified were TPV/PR, BOC/PR, 

SMV/PR, SOF/PR, DCV/PR, SOF+RBV, SOF/SMVRBV, 3DRBV, SOF/LDV±RBV, 

and SOF/DCV±RBV.  

 

Despite efforts to contact the authors, there was insufficient data on the proportion of 

patients with cirrhosis in fourteen observational studies, a characteristic required by 

                                                
** Joy Leahy, a PhD student in statistics in Trinity College, Dublin, assisted with the technical work for the development of this model. A 

network meta-analysis, using Bayesian methodology was considered the most appropriate method for pooling this data. The computation 
and statistical skill required for this analysis was considered to be outside the expertise required by the candidate for this thesis. The 
work for this study required novel matching methods and models to be developed in order to form a connected network. For this piece of 
work, the candidate was responsible for the generation, collation and preparation of inputs for use in the model. The candidate completed 
all background work, systematic reviews, data extraction, author contact and applied clinical knowledge to made decisions around the 
inclusion/exclusion criteria and adjustments that were required to the model to account for the presence of cirrhosis and the tendency for 
observational data to be more bias than clinical studies. 
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Leahy et al to connect the networks 407. Therefore, 72 studies from the systematic 

review were suitable for inclusion in this NMA.  

 

In order to form a connected network, single-agent, non-comparative studies, both 

clinical trials and observational studies, were matched as proposed by Leahy et al 407. 

In the absence of matching, a disconnected network would have formed, preventing 

the estimation of the relative treatment effect for all ten treatment regimens.  

 

Bayesian NMA models were fitted using MCMC simulation in OpenBugs3.2.3. As we 

aimed to estimate the clinical effectiveness of licensed regimens for the treatment of 

GT1 HCV infection and examine the impact of including observational studies in 

evidence synthesis, a number of NMA models were run, with and without the inclusion 

of the observational studies.  

 

The MCMC simulation in OpenBugs facilitates the determination of the ranking of each 

treatment. It calculated the probability of each treatment being in the nth position or 

better. The probabilities were plotted on a rankogram and the surface under the 

cumulative ranking curve (SUCRA) was calculated. The SUCRA provides a summary 

statistic for the cumulative ranking. It reports a percentage rank for each treatment, 

which is calculated based on the area under the curve for each regimen as a proportion 

of the total area under all the curves in the cumulative rankogram.  

 

The log odds ratio (LOR) for each treatment regimen versus PR was presented. This is 

a measure of the association between an exposure (treatment) and an outcome (SVR). 

The credible interval (CrI) is the Bayesian statistical measure of uncertainty similar to 
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confidence intervals. If the credible interval does not span 0 then we can conclude that 

the treatment is statistically significantly better than PR.  

 

8.2.1.1 Role of the Candidate 

While an understanding of the methodology applied in this study is known by the 

candidate, the computational skills required was considered to be outside the expertise 

required for this thesis. The clinical knowledge of the candidate was necessary in order 

to complete the analysis. The role played by the candidate in this study is outlined 

below. 

 Background work  

o Identification of all treatment regimens licensed for use in GT1 HCV 

infection. 

o Literature search to identify any previously published HCV-related 

NMAs.  

 Systematic literature review 

o Design the protocol and undertake the systematic literature review 

reported in Chapter 4. These data were required to inform the NMA. 

 Data extraction  

o Extract all relevant data from the literature identified in the systematic 

literature review. This included, where possible, the separation of data 

for patients with and without cirrhosis when it was reported in a mixed 

cohort. 

 Author contact  

o Contacting authors of published literature when necessary, or relevant, 

data was not published in the literature. 



 

 221 

 Exclusion/Inclusion criteria 

o Selecting the criteria and subsequent studies for inclusion in the NMA. 

 Application of clinical knowledge 

o Advising about the incorporation of terms in the model that would 

account for the presence or absence of cirrhosis in patients. 

o Advising about the appropriate pooling of data from included studies. 

For example, the statistician designing the model found that pooling of 

studies that included patients treated with SOF+RBV with studies that 

included patients treated with SOF/PR together was the best method for 

forming a connected network. However, the candidate identified that 

these were, in fact, two different treatment regimens and could not be 

pooled together, from a clinical perspective.  

o Advising that data from observational studies is subject to greater bias 

than RCTs and therefore, this data should be down-weighted to reflect 

this bias.  

 

8.2.2 Results 

8.2.2.1 Clinical Trials – Excluding Observational Data 

Overall, 20 RCTs with a comparator group and 23 single-agent, non-comparative 

clinical trials, identified in the systematic literature review in Chapter 4, were included in 

this analysis.  

 

The first model included data from the 20 RCT studies (Figure 40). The ELECTRON 

study was not connected to the remainder of the network and therefore SOF/LDV±RBV 

and SOF+RBV were excluded from this analysis.  
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The red line indicates the connection between the two treatment regimens. The RCT(s) that connect the two regimens 
are listed beside each connecting line. 

 

Figure 41 presents the cumulative rankogram and illustrates the probability that each 

drug combination is the nth best treatment. 3D±RBV had a probability greater than 0.9 

of being the 1st ranked treatment regimen in the RCT-only NMA.   

 

The normalised SUCRA for the RCT-only NMA model indicated that 3D±RBV had the 

largest proportion under the cumulative rankogram curve (25%) and thus, had the 

highest probability of being the most effective treatment compared to PR (Table 45).  

 

Figure 40: Network diagram of randomised controlled trials included in the analysis 
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Table 45: SUCRA Table for RCT only network meta-analysis 

 3D±RBV DCV/PR SOF/PR SMV/PR BOC/PR TPV/PR PR 

SUCRA 25% 20% 16% 14% 11% 11% 2% 

 

The model was re-run to include both the 20 RCTs and the 23 single-agent, non-

comparative clinical studies. The network was connected as per the methods assessed 

by Leahy et al 407. Pooled and hierarchical models were used to assess the relative 

treatment effect. Figure 42 illustrates the network diagram after connecting all 43 

studies.  

Figure 41: Cumulative rankogram for RCT evidence only 
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Figure 42: Network diagram for both the pooled and hierarchical models 
This diagram represented the connected network and is a combination of the RCT-only network and the non-
comparative studies. The red lines indicate the RCT trials and the green dashed indicates the single-agent studies 

 

Figure 43 presents the cumulative rankograms for the pooled and hierarchical models 

and illustrates the probability that each drug combination is the nth best treatment. In 

Figures 43 and Figure 44, we can see that 3D±RBV has a probability greater than 0.4 

and 0.45 of being the 1st ranked treatment regimen in the pooled and hierarchical 

models, respectively.    

 

The normalised SUCRA score for both the pooled and hierarchical models indicated 

that 3D±RBV had the largest proportion under the cumulative rankogram curves (16% 

and 16%, respectively) and thus had the highest probability of being the most effective 

treatment compared to PR. 
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Figure 43: The cumulative rankogram for the pooled model – excluding observational studies 
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Figure 44: The cumulative rankogram for the hierarchical model – excluding observational studies 

 

8.2.2.2 Clinical Trials and Observational Studies 

In addition to the RCTs and single-agent non-comparative trials, the systematic review 

identified 43 observational studies. There was insufficient data on the proportion of 

patients with cirrhosis in fourteen studies, a characteristic required by Leahy et al to 

connect the networks 407; therefore, 29 of these observational studies, with and without 

comparator groups, were included in this analysis. Overall, 20 RCTs with a comparator 

group, 23 non-comparative single-agent clinical trials, 16 observational studies that 

included more than one treatment arm and 13 single-agent observational studies were 

included. Figure 45 illustrates the network diagram of the pooled model for the entire 

connected network following the inclusion of the observational studies.  
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This diagram represented the connected network and is a combination of the RCTs, the observational comparator 
studies and the non-comparative trials. The red lines indicate the RCT trials, the purple dashed lines indicate the 
observational comparator studies and the green dashed indicates the single-agent studies.  

 

For the hierarchical model, adjustments to the matching were required in order to form 

a connected network. Figure 46 illustrates the network diagram for the hierarchical 

model of the entire connected network.  

 

Figure 45: Network diagram for the pooled model 
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Figure 46: Network diagram for the hierarchical model 
This diagram represented the connected network and is a combination of the RCT, the observational comparator 
studies and the matched single-agent studies. The red lines indicate the RCT trials, the purple dashed lines indicate the 
observational comparator studies and the green dashed indicates the single-agent studies. 

 

The cumulative rankograms illustrated the probability that each drug combination is the 

nth best treatment (Figure 47). In Figure 47 and Figure 48, we can see that 3D±RBV 

had a probability greater than 0.8 and 0.75 of being the 1st ranked treatment regimen in 

the pooled and hierarchical models, respectively.    

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 229 

 

 
Figure 47: The cumulative rankogram for the pooled model – including observational studies  
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Figure 48: The cumulative rankogram for the hierarchical model – including observational data 

 

The normalised SUCRA score for both the pooled and hierarchical models indicated 

that 3D±RBV had the largest proportion under the cumulative rankogram curves (16% 

and 16%, respectively) and thus had the highest probability of being the most effective 

treatment compared to PR. 

 

Given the inherent bias that is associated with observational studies, an additional 

model was run whereby the observational data in the hierarchical model was down-

weighted to adjust for this bias. In Error! Reference source not found., we see that 

3D±RBV had a probability of approximately 0.8 of being the 1st ranked treatment 

regimen in the hierarchical model when the observational data is down-weighted. The 

normalised SUCRA score indicated that 3DRBV had the largest proportion under the 
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cumulative rankogram curves (16%) and thus had the highest probability of being the 

most effective treatment compared to PR.  

 

 

8.2.2.3 Log Odds Ratio 

The LOR for each treatment regimen versus PR was determined. The LOR of SVR in 

DAA regimens was statistically significantly greater than the LOR of SVR in PR only. 

There were a few exceptions where no statistical significance was observed (Appendix 

4 Table A 15 − Table A 20). In all models presented, the LOR of SVR after treatment 

with 3DRBV versus PR was greatest. This was followed by DCV/PR in the RCT-only 

model but in the models that incorporated all evidence, the LOR of SVR for 

SOF/LDVRBV versus PR was the second highest.  

 

Figure 49: The cumulative rankogram for the down-weighted hierarchical models – including observational 
data 
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Figure 50 shows the LOR for each drug versus PR when the observational studies 

were excluded. The LOR of SVR in 3DRBV was 4.23 (CrI 3.18-5.32), 3.84 (CrI 2.71-

4.95) and 3.76 (CrI 2.15-5.02) for the RCT-only, pooled and hierarchical models, 

respectively. The CrI for SOF+RBV in the hierarchical model spanned 0 and therefore, 

we conclude that the log odds of SVR for this regimen is not statistically significantly 

better than PR.  

 

Figure 50: Log odds ratio of achieving a SVR vs. PR for the RCTs-only, pooled and hierarchical models.  
Observational studies were excluded from this analysis. The LOR and CrIs for the RCT-only model are marked in red, 
green for the pooled model and blue for the hierarchical model. 

 

Figure 51 shows the log odds ratio for each drug versus PR when the observational 

studies were included. The LOR of SVR in 3DRBV was 4.4 (CrI 3.6-5.22), 4.27 (CrI 

3.01-5.51) and 4.36 (CrI 2.94-5.1) for the pooled, hierarchical and hierarchical with 

down-weighted observational data models, respectively. In this scenario, the CrIs for 
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SOF+RBV in the both hierarchical models spanned 0 and therefore, we conclude that 

in these models the log odds of SVR for SOF+RBV is not statistically significantly 

better than PR. For all treatment regimens in the pooled model, the standard deviations 

of estimates become smaller when the observational data was included. In the 

hierarchical model, the standard deviation of estimates varies when observational data 

was included. For some treatment regimens, the standard deviation increases 

(DCV/PR, BOC/PR, SMV/PR, TPV/PR, SOF/DCVRBV and SOF/SMVRBV) and for 

others it decreases (SOF/PR, 3DRBV, DCV/SOFRBV and SOF+RBV). This is likely 

caused by the fact that this model type allows for uncertainty caused by combining 

evidence from different trial designs. After down-weighting the observational data, 

similar changes in standard deviations are observed but the CrIs became narrower 

suggesting some decrease in uncertainty surrounding the estimates.  
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Figure 51: Log odds ratio of achieving a SVR vs. PR for the RCTs-only, pooled, hierarchical models and down-
weighted hierarchical model. 
Observational studies were included in these models. The LOR and CrIs for the RCT-only model are marked in red, for 
the pooled model are marked in green, for the hierarchical model are marked in blue and for the hierarchical model with 
observational data down-weighted are marked in orange 

 

8.2.2.4 Treatment Ranking 

Table 46 presents the ranking of each treatment regimen in each model reported in this 

analysis. Overall, 3D±RBV was the 1st ranked and SOF/LDV±RBV was the 2nd ranked 

treatment versus PR in each model-type, with the exception of the RCT-only model, 

which did not include SOF/LDVRBV. Every treatment regimen performed better than 

PR. DCV/SOFRBV was the 3rd ranked treatment in all models with the exception of 

the hierarchical model where it ranked 4th behind SOF/DCV±RBV. The IFN-free 

regimens ranked higher than the IFN-based regimens, with the exception of 

SOF+RBV, which was consistently ranked as one of the least effective treatment 

regimens in this GT1 HCV-infected cohort.  
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Table 46: Treatment ranking for each model variation  

 RCT only 

Pooled 

Excl. obs 
studies 

 

Hierarchical 

Excl. obs 
studies 

 

 

Pooled 

Incl. obs studies 

 

 

Hierarchical 

Incl. obs studies 

 

Hierarchical 

Incl. down-
weighted obs 

studies 

 

3D±RBV 1 1 1 1 1 1 

SOF/LDV±RBV - 2 2 2 2 2 

DCV/SOFRBV - 3 4 3 3 3 

SOF/SMVRBV - 5 6 4 4 4 

DCV/PR 2 4 3 5 5 5 

SOF/PR 3 6 5 6 6 6 

SMV/PR 4 7 7 8 10 8 

BOC/PR 6 8 10 10 9 10 

TPV/PR 5 9 9 7 7 7 

SOF+RBV - 10 8 9 8 9 

PR 7 11 11 11 11 11 

 

8.2.3 Discussion 

This study estimated the relative treatment effect of licensed regimens for the treatment 

of HCV GT1-infected patients following the inclusion of observational data. 3DRBV 

was consistently ranked as the most effective treatment in GT1-infected patients, 

closely followed by SOF/LDVRBV, irrespective of whether observational studies were 

included in the model or not. Overall, the clinical effectiveness of the IFN-free regimens 

was better than the IFN-based regimens with the exception of SOF+RBV, which was 

frequently one of the lowest ranked treatments.  

 

While large, well-conducted clinical trials can provide high-quality evidence for 

informing decisions to license and reimburse new agents, open-label, single-agent, 

non-comparative studies and observational studies can play an integral role when 

evaluating treatment effect 11-13, 161, 408. For HCV, many of the clinical trials deemed 

appropriate for regulatory approval lack a treatment arm involving placebo or an 

accepted standard of care. This has become more common with the introduction of the 

BTD by the FDA where therapies that demonstrate substantial improvements on 

outcomes over existing therapies are not required to have a comparator treatment arm 

282, 357, 409. There are important challenges associated with the use of single-arm trials. 
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In these, all enrolled subjects receive the intervention and there is no comparator arm. 

While advantageous because of the low expected sample size, the lack of 

randomisation means that causal interpretation is not possible – selection bias can lead 

to a biased treatment effect and a lack of confidence in a positive result 410. Single-arm 

trials differ from observational studies in the absence of treatment assignment. In 

observational studies, the physician chooses the treatment option that is believed to be 

best for the patient whereas, in the single-arm trials, all subject are treated with the one 

intervention under investigation.  

 

With the increasing number of non-comparative studies, decision-makers may lack the 

evidence required (comparator/placebo-controlled studies) to derive estimates of 

relative effect due to the ‘disconnected’ evidence base. While other studies have 

examined approaches for forming connected networks through the incorporation of 

single-arm evidence, we assessed the impact of including observational evidence into 

these networks 407, 409, 411. 

 

One of the incentives for combining evidence from different sources is to make an 

informed decision on the basis of all the available evidence. However, although 

observational studies reflect reality well, they can be prone to bias leading to an 

overestimation of the treatment effect. While the inclusion of RCTs exclusively in the 

NMAs may be the most internally valid approach, we can argue that it is a suboptimal 

approach given that data from alternative study designs, such as single-agent, non-

comparative studies and observational studies contain further information about 

treatment effect.  
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In this study, we found that the addition of observational data did not impact the 

treatment ranking. 3DRBV, SOF/LDVRBV and DCV/SOFRBV were the first three 

ranked treatments with the exception of the hierarchical model excluding observational 

data, where DCV/PR was the 3rd ranked treatment. For the majority of treatments, the 

LOR were slightly higher after the inclusion of observational evidence.  

 

The impact of incorporating observational evidence into different model types was also 

assessed. In the pooled models, when observational data were added to the RCTs and 

single-agent, non-comparative clinical trials, standard deviations decreased, indicating 

that the addition of further data in the form of the observational studies strengthened 

the evidence. However, pooled models make the strong assumptions of homogeneity 

in trial design and thus, does not allow for bias adjustments and no additional 

uncertainty was taken into account. Therefore, the observational data was treated in 

the same manner as the clinical trial data, and the additional bias associated with 

observational data was not considered. As a result, this type of naïve pooling has not 

been recommended as a primary means of combining evidence from different study 

designs 267. In the hierarchical models, which are the most flexible approach for 

including different forms of evidence and account for between study design 

heterogeneity, the impact of including observational data was assessed with and 

without down-weighting to adjust for the associated bias. The addition of observational 

data resulted in standard deviations increasing and decreasing depending on the 

treatment regimen. After down-weighting the observational data, similar changes in 

standard deviations are observed but the CrIs indicated a decrease in uncertainty 

surrounding the estimates.  

 

In HCV research, there are many observational studies available providing additional 

data on treatment effectiveness. It is important that decision-makers consider all 
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available evidence. At the time of the initial reimbursement decision, available evidence 

tends to be immature, that is, there is still potential that further evidence, in particular 

real world evidence, will become available in time. Therefore, this would suggest that 

the introduction of a conditional reimbursement scheme would ensure that final 

decisions made by payers are informed by a combination of RCT and real world 

evidence. 

 

The findings indicate that the inclusion of observational studies has the potential to 

improving the accuracy in the estimation of the relative treatment effect. This was 

demonstrated by the decreasing standard deviations observed after incorporating 

observational studies into the pooled model. Given that a similar effect was not 

observed in the hierarchical model, this would suggest that more research is required 

to ensure that the observational studies are incorporated appropriately, the associated 

bias is considered and studies are down-weighted accordingly.  

 

At present, it is important to interpret the results from this NMA with care as there is still 

uncertainty surrounding the best and most reliable approaches for connecting the 

networks and incorporating different types of evidence into the models. However, under 

the correct circumstances, the addition of observational evidence to the NMA is likely to 

produce more accurate estimates of relative treatment effect, which will be highly 

valuable in the HTA process.  
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8.3 Part 2: Real World Cost-Effectiveness Model 

8.3.1 Methods 

We applied the rates of clinical effectiveness and on-treatment HCV-related costs for 

TPV/PR and BOC/PR established in this research project to an independently 

produced economic model developed by a colleague in the NCPE for a previous PhD 

thesis††. A hybrid model, which combined an initial decision tree structure examining 

different treatment strategies with a Markov model which examines costs and 

outcomes over a longer term, was built using TreeAge© software. The decision tree and 

Markov model are presented graphically in Figure 52 and Figure 53, respectively.  

                                                
†† This economic model was developed by Dr. Jennifer Kieran of the National Centre for Pharmacoeconomics for her PhD thesis ‘The Cost-Effectiveness of 
Hepatitis C Treatments in Ireland: A Multi-Technology Assessment’. This was the first independent produced model in Ireland to directly compare the cost-utility 
of treatment with boceprevir and telaprevir and the first to evaluate the cost-effectiveness of pegylated-interferon and ribavirin therapy.  
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                                        Sourced from Kieran J 412 

Figure 52: Outline of the decision tree 
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Figure 53: Outline of the Markov model for HCV 

Sourced from Kieran J 412 

 

The model was designed to consider treatment options for HCV infection approved for 

reimbursement in Ireland in August 2014. These included PR for 48 weeks and triple 

therapy with either TPV/PR or BOC/PR. The option of no treatment was also included as 

a comparator as this was the standard of care for patients who were ineligible for, or 

unable to tolerate IFN-based regimens.  

 

The rates of clinical effectiveness established in Chapter 5 in this thesis were applied to 

the model. The HCV drug costs, the on-treatment monitoring costs and the costs of 

managing adverse events derived from the micro-costing study in Chapter 6 were also 
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applied as inputs into the model. Given the availability of our individual patient level data, 

we were able to determine more specific effectiveness and cost data within the cirrhotic 

and non-cirrhotic subgroups than was possible in the original analysis where data was 

derived from clinical trials and published literature. Access to on-treatment HCV-RNA data 

allowed us to calculate the probability of patients achieving a rapid virological response 

(RVR) which was an important for determinant for treatment duration. Table 47 and Table 

48 present the inputs for treatment efficacy used in the original analysis by NCPE 

colleagues and the inputs for clinical effectiveness applied to this analysis using data from 

studies in this thesis, respectively. As a result of our patient level data, Table 48 is 

populated with more specific population data than in Table 47. 

 

Table 47: Treatment efficacy probabilities, obtained from RCTs and published literature, used in the initial NCPE 
analysis  

Parameter NCPE Analysis  

(2014) 

Probability of SVR in non-cirrhotics 0.41 

Probability of SVR in cirrhotics 0.3 

Relative efficacy of Telaprevir 1.69 

Relative efficacy of Boceprevir 1.66 

Probability of SVR in Telaprevir (no cirrhosis) 0.69 

Probability of SVR in Telaprevir (cirrhosis) 0.51 

Probability of SVR in Boceprevir (no cirrhosis) 0.68 

Probability of SVR in Boceprevir (cirrhosis) 0.5 
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Table 48: Treatment effectiveness probabilities used in the analysis, which incorporated the real world data from 
this thesis 

Parameter Real World Analysis 

(2016) 

Non-cirrhotic Cohort  

Probability of SVR in Boceprevir with a RVR 0.89 

Probability of SVR in Boceprevir without a RVR 1 

Probability of SVR if discontinued Boceprevir early and achieved a RVR 0.17 

Probability of SVR if discontinued Boceprevir early and did not achieved a RVR 0.2 

Probability of receiving EPO in Boceprevir 0.36 

Probability of SVR in Telaprevir with a RVR 0.95 

Probability of SVR in Telaprevir without a RVR 0.95 

Probability of discontinuing Telaprevir with a RVR 0.27 

Probability of discontinuing Telaprevir without a RVR 0.22 

Probability of SVR if discontinued Telaprevir early and achieved a RVR 0.17 

Probability of SVR if discontinued Telaprevir early and did not achieved a RVR 0.29 

Probability of receiving EPO in Telaprevir 0.38 

  

Cirrhotic Cohort  

Probability of SVR in Boceprevir (cirrhosis) 0.75 

Probability of discontinuing Boceprevir (cirrhosis) 0.69 

Mean no. of weeks of treatment with Boceprevir before discontinuing (cirrhosis) 22 

Probability of anaemia in Boceprevir (cirrhosis) 0.54 

Probability of receiving EPO in Boceprevir (cirrhosis) 0.57 

Probability of SVR in Telaprevir (cirrhosis) 0.89 

Probability of discontinuing Telaprevir (cirrhosis) 0.32 

Mean no. of weeks of treatment with Telaprevir before discontinuing (cirrhosis) 11.5 

Probability of SVR if discontinued Telaprevir early (cirrhosis) 0 

Probability of anaemia in Telaprevir (cirrhosis) 0.36 

Probability of receiving EPO in Telaprevir (cirrhosis) 0.7 

These probabilities were derived from the studies undertaken in Chapters 5. 
RVR = Rapid virological response 

 

Table 49 and Table 50 present the cost inputs used in the original model (NCPE) and 

those applied for this analysis based on the costs derived from the micro-costing study in 

Chapter 6, respectively. In the original analysis, the cost of HCV-drugs, cost of monitoring 

and post-treatment monitoring costs were all incorporated separately, having been 

identified in the literature. In Chapter 6, we determined a total cost of treatment per patient 

which included the cost of HCV-drugs, the cost of monitoring, of treating adverse events 

and the post-treatment period to SVR24 in the one calculation. Additionally, our HCV-RNA 

data enabled us to specify cost in patients who achieved, and did not achieve, a RVR. 
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Table 49: Cost inputs for drugs and on-treatment monitoring used in the analysis by the NCPE   

Parameter Cost 

Cost of TPV (12 weeks) €26,334 

Cost of BOC (24 weeks) €19,333 

Cost of BOC (32 weeks) €25,777 

Cost of BOC (44 weeks) €35,444 

Cost of PR (24 weeks) €7,773 

Cost of PR (28 weeks) €9,096 

Cost of PR (48 weeks) €15,547 

On-treatment monitoring (24 weeks) €2,738 

On-treatment monitoring (28 weeks) €2,916 

On-treatment monitoring (48 weeks) €3,856 

Cost of post-treatment monitoring €708 

Cost of course of erythropoietin €4,728 

Cost of baseline HCV workup €1,523 

The inputs for this analysis were derived from medication list prices and two studies published by Kieran et al; a micro-
costing study to assess the costs of untreated HCV and a study determining the budget impact of HCV in Ireland in the pre-
DAA era 81, 82 

 

Table 50: Cost inputs for drugs and on-treatment monitoring derived from the micro-costing study in this thesis 
that were incorporated into the model  

Parameter Cost 

Cost of Telaprevir treatment, on-treatment monitoring and post-treatment monitoring (24 weeks) €38,825 

Cost of Telaprevir treatment, on-treatment monitoring and post-treatment monitoring (48 weeks) €47,430 

Cost of Boceprevir treatment, on-treatment monitoring and post-treatment monitoring (24 weeks) €33,661 

Cost of Boceprevir treatment, on-treatment monitoring and post-treatment monitoring (32 weeks) €45,738 

Cost of Boceprevir treatment, on-treatment monitoring and post-treatment monitoring (48 weeks) €54,799 

Cost of treating anaemia in Telaprevir with a RVR €747 

Cost of treating anaemia in Telaprevir without a RVR €1,888 

Cost of treating anaemia in Boceprevir with a RVR €1,719 

Cost of treating anaemia in Boceprevir without a RVR €7,643 

Cost of baseline HCV workup €608 

These probabilities were derived from the studies undertaken in Chapters 6. 
RVR = Rapid virological response 

 

Based on the demographics of the cohort treated with TPV/PR and BOC/PR, patients 

entered the model with a starting age of 48 years. This compared with a starting age of 41 

years in the initial model, which was based on data from a study by Kieran et al published 

in 2015 82. The time horizon in the model developed by the NCPE was 50 years based on 

an expected life-time of 90 years. With the change in starting age from 41 years to 48 

years in this analysis, the time horizon was adjusted to 40 years.  

 

Deterministic analysis was undertaken. This involved the calculation of a mean value for 

the variable of interest (ICER). The NCPE model examined the expected life-time costs 

and QALY gains of the considered treatments under a base case scenario, which 
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consisted of a population of 80% non-cirrhotic and 20% cirrhotic patients with HCV 

infection. In separate scenario analyses, the model was re-run to examine the impact of 

having either a 100% non-cirrhotic or a 100% cirrhotic cohort. Using real world inputs, the 

base case scenarios consisted of a population of 65% non-cirrhotic and 35% cirrhotic 

HCV patients to reflect the cohort from which the real world inputs were derived. 

Additionally, we examined the impact of having a 100% non-cirrhotic and 100% cirrhotic 

cohort. 

 

8.3.2 Results 

8.3.2.1 Base Case Population 

In the base case scenario, TPV/PR was considered the most cost-effective treatment of 

the four strategies (No treatment, PR, BOC/PR and TPV/PR) with an ICER of €28,880 

when compared with PR, which is below the current WTP threshold of €45,000 in Ireland 

(Table 51). BOC/PR was subject to extended dominance i.e. the ICER was greater than 

that of TPV/PR, which is a more effective intervention. 

 

Table 51: Life-time costs, QALY and incremental cost-effectiveness ratios for the base case scenario 

Strategy Cost Effectiveness 
(QALY) 

Incremental 
Cost 

Incremental 
Effectiveness 

ICER 

No treatment €27,252 9.97    

PR €38,056 10.58 €10,804 0.61 €17,649 

TPV/PR €58,434 11.29 €20,378 0.71 €28,880 

 

This outcome contrasted with the base case scenario from the NCPE analysis whereby, 

BOC/PR was considered the most cost-effective option under the WTP threshold with an 

ICER of €24,233. None of the treatment strategies were dominated in that analysis, 

although the ICER generated for TPV/PR versus BOC/PR (€128,082) was above the Irish 

WTP threshold. Figure 54 illustrates the cost-effectiveness plane for the base case in this 

analysis.  
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Figure 54: Incremental cost-effectiveness plane for all treatment strategies in the base case scenario 
The line between No Treatment and Peg-IFN/PR and Peg-IFN/PR and TPV/PR represents the cost-efficiency frontier. The 
frontier represents the most efficient choices among compared treatment strategies. Compared with Peg-IFN+RBV, 
TPV/PR is the most efficient strategy. Any point not on this frontier is dominated, either by strict of extended dominance. 
BOC/PR is subject to extended dominance..  
 

 

8.3.2.2 100% Non-Cirrhotic Population 

In the scenario considering only patients with mild to moderate HCV at baseline (100% 

non-cirrhotic), the life-time costs are lower than the base case and the QALY gains are 

higher for all strategies. TPV/PR was the preferred agent with an ICER of €39,610 

compared with PR which was below the WTP threshold (Table 52).  

 

Table 52: Life-time costs, QALY and incremental cost-effectiveness ratios in a cohort with mild/moderate HCV 
infection 

Strategy Cost Effectiveness 
(QALY) 

Incremental 
Cost 

Incremental 
Effectiveness 

ICER 

No treatment €12,168 12.15    

PR €24,844 12.65 €12,658 0.5 €25,196 

TPV/PR €45,076 13.16 €20,232 0.51 €39,610 

 

Similar to the base case, BOC/PR was subject to extended dominance. The life-time 

costs, clinical effectiveness and ICERs are presented in Figure 55. 
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Figure 55: Incremental cost-effectiveness plane for all treatment strategies in a cohort with mild/moderate HCV 
infection 
The line represents the cost-efficiency frontier. Compared with Peg-IFN+RBV, TPV/PR is the most efficient strategy. 
BOC/PR is subject to extended dominance..  

 

In the NCPE analysis, BOC/PR was the most cost-effective treatment regimen with an 

ICER of €17,045 when compared to PR and the ICER for TPV/PR versus BOC/PR was 

above the WTP threshold (€186,230).  

 

8.3.2.3 100% Cirrhotic Population 

In the scenario considering only patients with cirrhosis at baseline (100% cirrhotic), the 

life-time costs are higher than the base case and the QALY gains are lower for all 

strategies. TPV/PR was the most cost-effective treatment with an ICER of €19,345 

compared with PR which was below the WTP threshold (Table 53). 
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Table 53: Life-time costs, QALY and incremental cost-effectiveness ratio in a cohort with cirrhosis 

Strategy Cost Effectiveness 
(QALY) 

Incremental 
Cost 

Incremental 
Effectiveness 

ICER 

No treatment €55,265 5.92    

PR €62,593 6.73 €7,329 0.81 €8,995 

TPV/PR €83,241 7.80 €20,648 1.07 €19,345 

 

BOC/PR was dominated by TPV/PR in this scenario. It was more costly and less effective 

than TPV/PR (Figure 56). 

 

 
Figure 56: Incremental cost-effectiveness plane for all treatment strategies in a cohort with cirrhosis 
The line represents the cost-efficiency frontier. Compared with Peg-IFN+RBV, TPV/PR is the most efficient strategy. 
BOC/PR is subject to dominated..  

 

Results for this cirrhotic cohort were similar to the results from the analysis by NCPE 

colleagues, where TPV/PR was the most cost-effective treatment regimen with an ICER of 

€37,108 versus PR and BOC/PR was dominated.  
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8.3.3 Discussion 

In the analysis completed in 2014 by the NCPE, BOC/PR was reported to be the most 

cost-effective agent under the conditions of the base case population and in the 100% 

non-cirrhotic cohort. In that analysis, the data suggested that, from a cost-effectiveness 

perspective, non-cirrhotic patients should be treated with BOC/PR while cirrhotic patients 

treated with TPV/PR. However, that model was populated using efficacy data supplied 

from Phase III clinical trials for BOC/PR and TPV/PR 99, 100, 102, 103, 105. It made the 

assumption that the real world effectiveness of treatments would mirror the efficacy of the 

trials. At the time, it was recognised that this may not have been a true assumption and 

populating the model with real world data may give a more accurate reflection of cost-

effectiveness. 

 

Following the analysis of the real world data from the national HCV treatment registry in 

previous chapters, the cost-effectiveness model was populated with Irish real world data. 

In this analysis, TPV/PR was the preferred agent in all three scenarios (base case, 100% 

non-cirrhotic, 100% cirrhotic). A comparison of the outputs from the two analyses was 

undertaken. In the real world analysis, under conditions of the baseline population, the 

proportion of patients without cirrhosis was 65% compared with 80% in the original 

analysis. The life-time costs in the real world analysis were higher for all treatment 

regimens and the life-time effectiveness was lower when compared with the initial NCPE 

analysis using trial efficacy. The ICER for TPV/PR was €28,880 compared with an ICER 

of €128,082 in the NCPE analysis, which was not considered cost-effective under the Irish 

WTP threshold of €45,000. In the analysis with real world data, boceprevir was subject to 

extended dominance in the base case scenario and as a result, the ICER (€28,880) was a 

comparison of TPV/PR versus PR whereas in the NCPE analysis, BOC/PR was not 

dominated and therefore, the ICER (€128,082) was a comparison between TPV/PR and 

BOC/PR. In the scenario with a population of 100% non-cirrhotic patients, the life-time 
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costs were comparable between the two analyses but the life-time effectiveness was 

lower in the real world analysis. The ICER for TPV/PR (vs. PR since BOC/PR was 

dominated) was €39,610 compared with €186,230 (TPV/PR vs. BOC/PR since no 

treatment was dominated) in the initial analysis which used RCT efficacy inputs. In the 

scenario with a population of 100% cirrhotic patients, both analyses reported that TPV/PR 

was the preferred agent. In the real world analysis, the life-time costs and life-time 

effectiveness (with the exception of TPV/PR) was lower than in the NCPE analysis. The 

ICER for TPV/PR reported in the real world analysis was €19,345 compared with €37,108 

in the original NCPE analysis. Both of these fall under the current WTP threshold. In both 

analyses, BOC/PR was dominated and therefore, these both represent the ICER of 

TPV/PR vs. PR.   

 

These data suggest that in the analysis, which incorporated real world data, from a cost-

effectiveness perspective, TPV/PR should be the treatment of choice for both cirrhotic and 

non-cirrhotic patients. The difference in outcomes between the two analyses is largely 

driven by the difference in SVR rates. In Chapter 5, the SVR rate for the TPV/PR cohort 

was superior to the BOC/PR cohort. Additionally, significant differences were observed in 

the effectiveness of both TPV/PR and BOC/PR regimens in non-cirrhotic compared with 

cirrhotic patients.  

 

Increasing healthcare costs have become a major concern for healthcare decision-makers 

413. This study demonstrates the impact that incorporating data from a post-reimbursement 

observational study can have on the assessment of cost-effectiveness and subsequent 

recommendations for reimbursement. At present, conclusions regarding reimbursement 

are drawn from RCTs that have limited value in the decision-making process - assessing 

the value of a drug or technology requires an understanding of its impact in a real-life 

setting 414. Typically, the amount of real world data available for the initial reimbursement 
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decision is very limited. We demonstrated the impact that incorporating real world data 

had on the model outputs and therefore we support calls for payers to explore conditional 

access approval schemes allowing companies to collect the desired evidence through real 

world use in more targeted populations before a final decision is made 415. 

 

An important strength of this study is the access to individual patient level data. When we 

examine the inputs applied to the original analysis (Table 47) and compare them with the 

real world inputs (Table 48), the individual patient level data provides more scope to 

determine treatment effectiveness probabilities in more specific patient subgroups. Thus, 

there are more specific real world inputs for incorporation into the economic model.  

 

There are a number of limitations to this analysis. While the analysis using real world 

inputs reported that TPV/PR was the most cost-effective intervention in all three scenarios 

presented, this is driven by the superior SVR rate in the TPV/PR cohort reported in 

Chapter 5. While we completed propensity score analyses to address confounding and 

the non-randomisation of treatment groups, there remains a possibility that there were 

differences (unmeasured confounders) in the populations treated with BOC/PR versus 

TPV/PR. 

 

While we have demonstrated the value of real world data, it is necessary to consider the 

number of patients from which the real world data was generated. In some arms of the 

model, the numbers were very small (e.g. patients with cirrhosis treated with BOC/PR) 

and therefore, would be subject to some uncertainty.  

 

Finally, given that the model was run under deterministic conditions, uncertainty around 

the effectiveness and cost estimates derived from Chapters 5 and 6 results in uncertainty 
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around the ICER. Further one-way sensitivity analysis and analysis under probabilistic 

conditions would strengthen the conclusions but this fell outside the scope of this thesis. 

In probabilistic sensitivity analysis, a random variable from a range of values is chosen for 

each variable and the model is run over a large number of iterations and allows for a 

calculation of the overall uncertainty of all the variables in the model. This analysis 

estimates the probability of an intervention being cost-effective at a given cost-

effectiveness threshold. A one-way sensitivity analysis is used to determine the variables 

that have the greatest impact on the deterministic ICER. Both of these sensitivity analyses 

are important for managing the uncertainty associated with the deterministic estimate and 

should be incorporated into future work with this model. 

 

The recent evolution in the treatment of HCV infection has resulted in medicines that offer 

higher cure rates and fewer adverse events but the cost of the treatment combinations 

and the large number of infected individuals have raised concerns about their affordability. 

These treatment regimens are proving to be highly cost-effective but questions are 

beginning to be asked about how the cost-effectiveness was assessed, whether the 

clinical pathway was appropriately modelled and all the alternative ways in which 

treatment can be used were compared 416. This means that models should include, not 

only all of the new DAAs therapies, but also the older interferon-based treatments and the 

possibility of treatment at a later disease stage. Models should also incorporate sequential 

therapy pathways, whereby a patient who fails therapy is retreated. Traditionally, this has 

not always been the case. It was assumed that patients were not re-treated if they failed 

therapy and nor did they have the possibility of delaying treatment until they reached a 

more severe disease stage 417-426.  

 

In addition to this, there is growing recognition of the importance of capturing the potential 

downstream benefits of cure for future disease transmission and thus, potentially reducing 
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the incidence of future infections. Reinfection rates and the impact of treating different 

patient populations (e.g. PWIDs irrespective of liver-staging vs. non-PWID stage 3 

fibrosis) should be routinely incorporated into cost-effective models as the treatment 

continues to evolve 427, 428. Furthermore, the impact of interferon-free treatment on liver 

cancer rates has become an area of significant interest 429-432. There continues to be 

substantial uncertainty around whether viral eradication in patients with advanced liver 

disease is, in fact, beneficial. Disease progression and the development of HCC, despite 

achieving a SVR, would have a significant impact on the cost-effectiveness analysis and 

therefore, should also be incorporated into future models so that the ICERs estimated are 

more reflective of the treatment pathways in clinical practice.  

 

8.4 Conclusion 

Observational data has an important role to play in healthcare decision-making. It can add 

significant value to all health economics and outcomes research-related activities. It can 

complement traditional clinical development information to guide decision-makers 

regarding access to and reimbursement of drugs and other healthcare services. It can 

provide input into drug valuation dossiers and cost-effectiveness models. Given that the 

volume of observational evidence is usually greater in the post-reimbursement era, 

observational studies can be valuable for validating previous reimbursement and 

coverage decisions and providing clear evidence of effectiveness and value.  

Demonstrating the value of a drug treatment in clinical practice is becoming more 

important in a time where the issue of affordability is now a significant problem for payers. 

Thus, the hierarchy of evidence, which place RCTs and systematic reviews at the peak, is 

beginning to change. There is now greater recognition of the pitfalls associated with 

focusing exclusively on efficacy data and more emphasis on the value of incorporating 

real world data into the decision-making process. 
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Chapter 9 
 

 

 

 

 

 

 

 

 

 

Chapter 9 Conclusion 

9.1 Introduction 

This thesis aimed to assess the value of observational data for healthcare decision-

making using data from the Irish national HCV treatment registry. In the current era of 

ever increasing drug costs, healthcare decision-makers must make difficult choices in the 
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allocation of limited resources in order to maximise health gain. They are increasingly 

seeking information on real world outcomes on which to base their decisions, and there is 

a move towards formal post-reimbursement outcomes research at policy level 16, 433. It is 

widely recognised that at the conclusion of a RCT, whereby statistical significance of 

benefit was achieved for a group of ideal patients with no co-morbidities, concurrent 

medications or behavioural problems, regulatory requirements for licensing are met 434. 

However, more often than not, patients in the clinical setting have multiple co-morbidities, 

are subject to polypharmacy and are not reflective of those ‘ideal’ patients included in the 

RCTs. As a result, there is recognised concern about the lack of generalisability of the 

traditional RCT to the clinical setting 435. For this reason, decision-makers endeavour to 

ensure that there is a comprehensive evidence base, including both RCT and population-

specific observational data (where available), for the assessment and appraisal of all 

evidence when making balanced judgements about the management of diseases and for 

the appropriate allocation of limited resources 11, 13.  

 

Prior research on the cost-effectiveness of HCV medication in Ireland focused on 

determining the relative efficacy of early DAA regimens for GT1-infected patients and 

developing an economic model to assess the cost-effectiveness of these agents 

independent of manufacturers’ economic models 81, 82, 253, 436. However, Irish real world 

data associated with the clinical effectiveness and direct treatments costs for novel DAA-

agents were lacking, and the impact of such data on cost-effectiveness was, heretofore, 

not explored. Furthermore, there has been little research into the value of observational 

data using practical examples such as treatment registries. The HCV treatment registry 

was the first national multidisciplinary treatment registry established in Ireland and 

therefore, provided an opportunity to assess its value and determine whether there is 

potential for applying the principles of observational research to other therapeutic areas.  
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The objectives of this thesis were to establish the effectiveness data from the registry for 

DAA treatment regimens licensed for use in Ireland. The robustness of our observational 

data was explored using a method commonly applied to address confounding. The rates 

of efficacy reported in RCTs and effectiveness in international real world studies for 

patients with HCV GT1-infection were systematically identified and the SVR rates were 

compared between the two data sources and with our data. We aimed to establish the 

direct costs of treating HCV infection and the direct HCV-related healthcare costs during 

treatment and following the achievement of a SVR from the perspective of the Irish payer. 

Additionally, we set out to determine the attitudes and perceptions of Irish healthcare 

stakeholders to the national HCV registry and to examine the practical applications for this 

real world data. 

 

9.2 Main Findings 

The systematic literature review described in Chapter 4 provides clear evidence that the 

populations included in clinical trials tend not to reflect the population treated in the clinical 

setting and as a result, the efficacy rates often differ from the effectiveness rates reported 

in the real world. Clinical trials commonly exclude difficult-to-treat patients, those with the 

most severe presentation of a disease (e.g. decompensated cirrhosis) and/or those with 

co-morbid conditions (e.g. HIV-co-infection or renal insufficiency). While appropriate 

eligibility criteria are essential for the internal validity of the RCTs, it often results in the 

selection of an ‘ideal’ patient population most likely to demonstrate the efficacy and safety 

outcomes required to ensure regulatory approval. Historically, Phase III RCT evidence 

has been considered the gold standard in the hierarchy of evidence for evaluating the 

efficacy and safety of interventions. The BTD aims to fast-track the approval of marketing 

authorisations for promising drugs, potentially relying exclusively on well-controlled, non-

comparative studies as appropriate evidence of efficacy for regulators. Thus, not only 

does the RCT population poorly reflect the clinical setting but we also consider whether 

the BTD compromises the scientific strength of the RCT evidence at the top of the 
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evidence hierarchy. Without the requirement for randomisation, blinding and concealment, 

the design of these non-randomised and/or non-comparative studies for BTD designated 

treatments do not differ significantly from the design of observational studies. Licensing of 

treatments for HCV infection in recent years is a testament to this phenomenon whereby 

many agents and treatment regimens were licensed based on non-comparative, single 

arm studies driven by the desire to bring treatments to the market as quickly as possible.  

This has also occurred in a number of other therapeutic areas. Therefore, as 

observational studies may be more reflective of the real world populations and the design 

of the study may not differ significantly from that of a RCT, it is now more important than 

ever that decision-makers consider the evidence from observational studies accrued 

prospectively in the post-HTA era, in addition to the RCT evidence, and the quality of this 

evidence, to inform or revise policies and decisions about coverage and reimbursement.  

 

Well-designed observational studies provide robust information important for health 

economics and outcomes research. The treatment effectiveness findings in Chapter 5 and 

the treatment costs reported in Chapter 6 demonstrates their value in providing real world 

data from the clinical setting while also providing outcomes in subpopulations rarely 

included in RCTs (e.g. in patients with decompensated cirrhosis). For the IFN-based 

regimens, our effectiveness rates were comparable to those reported in the trials 

assessing the efficacy of these treatment regimens, but feedback from the treatment sites 

indicated that patients treated with these complex regimens required intensive monitoring, 

as evidenced by the costs determined in this work. These on-treatment management 

costs (costs excluding HCV drug acquisition costs) were primarily driven by the high rates 

of AEs associated with these regimens and provided intense impetus for the availability of 

the IFN-free regimens. The effectiveness rates for patients treated with the IFN-free 

regimens were lower than those reported in the RCTs, attributable to the broader patient 

populations included in our study. The introduction of prioritisation criteria in Ireland 

(supported by the EAP) allowed access to treatment with IFN-free regimens for patients 
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with advanced liver disease, considered to be of greatest clinical need. Effectiveness 

rates in this difficult-to-treat cohort were significantly lower than the reported efficacy rates 

from trial data but the trials had largely excluded this subpopulation. Findings from the 

studies reported in this thesis had practical and important implications for the care and 

management of patients in Ireland and demonstrated the value of prospective accrual of 

real world outcomes. Analysis of the outcomes in patients with advanced liver disease 

treated with IFN-free regimens in early 2015 reported a high mortality rate, which was 

disseminated from the registry to the clinical members of ICORN 361.  As a direct result of 

this analysis, patients with advanced liver disease (CTP C) were no longer considered 

suitable for treatment and were preferentially referred for transplantation assessment. 

Evidence of the enhanced effectiveness of IFN-free treatments in patients with less 

severe liver disease i.e. increasing SVR rates in a compensated cirrhotic cohort, as 

reported in this thesis show that as the patient populations begin to emulate the 

populations included in the original trials, effectiveness rates become increasingly 

comparable to reported efficacy rates.    

 

The micro-costing study in Chapter 6 established that the direct costs associated with 

HCV treatment in Ireland are substantial (€38,286 and €55,734 for IFN-based and IFN-

free regimens, respectively). However, these are mainly driven by the high acquisition 

cost of the HCV medication. When the drug acquisition costs are excluded, the cost of the 

management of AEs for IFN-based regimens was the most costly component of the 

treatment management costs. This is an important consideration for the healthcare payer. 

Currently access to IFN-free regimens are limited to patients with moderate to severe liver 

disease i.e. MF2 or greater, or ISHAK stage 3 or greater, while IFN-based regimens can 

continue to be accessed by patients with MF0-1 or ISHAK stage 1-2 437. The additional 

costs of management of AEs for these regimens merit review, as costs of treatment may, 

in effect, be comparable to treatment with IFN-free regimens. Additionally, the high rate of 

premature discontinuations and the substantial mean annual costs reported in the post-
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discontinuation period provide further evidence against the use of IFN-free regimens, 

irrespective of the severity of disease. The study determined that for IFN-free regimens in 

patients treated in the EAP, inpatient admissions were the largest contributor to the on-

treatment management costs - a direct result of the advanced nature of the disease in this 

cohort. As the IFN-free regimens have become available to patients with milder liver 

disease, the SVR rates have increased, as evident in our assessment of patients with 

compensated cirrhosis. This will be accompanied by a reduction in the cost of treatment-

related monitoring and AEs, the inpatient admissions and consequently, the mean cost of 

treatment and the mean cost per SVR. Additionally, while we demonstrated that the costs 

in the post-SVR period for our population of patients with advanced liver disease was 

high, in the long-term we anticipate that the HCV-related post-SVR healthcare costs to be 

lower than the HCV-related healthcare costs of untreated HCV-infected patients.  It is also 

anticipated that patients with mild disease may be discharged entirely from clinical care in 

the hospital setting, thus representing significant savings to the payer. This provides 

justification for the use of these high cost DAA regimens and demonstrates long-term 

HCV-related healthcare cost reductions in the HCV-infected cohort.  

 

Chapter 7 reported the findings from the survey to determine the perceptions, knowledge 

and attitudes among key stakeholders to the registry. Establishment of the registry was 

associated with considerable difficulties including operational issues and the need to 

overcome barriers among under-resourced staff in the treatment sites. Undertaking the 

survey was thought to be important, as the registry has become pivotal to the newly 

established National Treatment Programme. The opinions of key stakeholders involved in 

the day-to-day aspects of it were important in determining practical issues of potential 

difficulty and to ensure that as the registry transitions to a disease registry, that it does so 

with ease. Findings from the survey indicate high levels of satisfaction with the registry, 

but a number of important issues were identified that have the potential to enhance the 

value and practical use of the registry. The efficiency of the operational aspects, 
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particularly for nursing staff, was a key concern and the transition to an electronic platform 

accessible to all stakeholders was suggested. Improving communication of outcomes was 

another key finding. Stakeholders felt the current standards of reporting and disseminating 

research outcomes were inadequate and the promotion of better channels of 

communication and standards were required.  

 

In Chapter 8, the findings from the systematic literature review in Chapter 4 and the 

effectiveness rates reported in Chapter 5 were incorporated into a NMA, and the 

effectiveness rates from Chapter 5 and costs reported in Chapter 6 were incorporated into 

an economic model with the aim of examining the practical applications of these real world 

data and their value in the healthcare decision-making process. Our findings demonstrate 

that the inclusion of observational data in the NMA did not impact on treatment rankings. 

Similarly, no pattern was observed in the changes to the standard deviation or 95% 

credible intervals that would have indicated that the inclusion of observational data 

reduced uncertainty. While including additional data from observational studies will 

increase the evidence available in NMAs, at present there is substantial uncertainty 

surrounding the methodology used to develop the model and connect the network and 

therefore, we cannot make any significant conclusions about the value of adding this data. 

We recommend that further work is completed to develop reliable strategies for 

incorporating non-comparative studies into the NMA and for appropriately down-weighting 

evidence from studies of differing design before we can make any firm conclusion about 

the value of including observational data in a NMA.  

Utilising real world effectiveness rates and real world cost data into the economic model, 

developed de nova by the NCPE, altered the findings of the model when compared with 

the original analysis. While the initial analysis reported that BOC/PR was the most cost-

effective agent under conditions of the base case population, the analysis incorporating 

the real world data reported that TPV/PR was the most cost-effective agent in the base 
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case scenario. This finding would support the introduction of conditional reimbursement by 

the payer whereby the treatment is reimbursed conditional on the collection of further 

observational evidence, at which point the combination of RCT and the real world data 

can allow for a final reimbursement decision to be made.   

 

9.3 Limitations 

Limitations of the studies performed within this thesis are detailed in Chapter 3 and in the 

individual study chapters. The non-randomised nature of observational research remains 

an important concern. In addition to the known biases, data is potentially subject to hidden 

biases as a result of unmeasured confounders that are difficult to address. Despite taking 

the necessary steps to reduce the potential for bias in this research, we must recognise 

that bias in observational studies cannot be eliminated and should be accounted for when 

interpreting outcomes. While taking measures to adjust for confounding, after the 

application of propensity scoring in our data, there was no difference in treatment effect 

observed. While statistical significance was demonstrated, the numbers included in the 

analysis were too few to allow for convincing conclusions to be drawn from the data. 

Despite this, propensity score adjustment is a tool that can be applied to future analyses 

of the outcomes from the registry as the size of the national treatment registry grows with 

the availability of additional treatment regimens and as the capacity to treat increases. 

 

The quality of the data from the registry must be considered. While strict quality control 

procedures were adhered to at all stages of the data collection and inputting process, it is 

possible that there were minor inaccuracies in the data. Unlike many other registries world 

wide, the Irish HCV treatment registry is not presently linked to any electronic databases 

and thus, all steps in the process are completed manually. This process commences with 

the medical team recording the clinical notes into patient charts and EPR, continues to the 

data collectors extracting the data from the charts and EPR and ends with the process of 
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inputting these data into the registry. Therefore, there are many steps along the process 

with potential for errors to occur. However, the strict quality control procedures, as 

outlined in Chapter 3, and the ability to case-find and alter data point anomalies has 

overcome many of these issues.   

 

Another important limitation is the relatively small patient numbers included in our studies, 

to date. The population in Ireland, in general, is small when compared with the population 

in other countries who have published their treatment outcomes in HCV-infected patients. 

The number of patients infected with HCV is numerically smaller and consequently, the 

capacity to treat is lower. As a result, the studies in this thesis report outcomes in cohorts 

of patients that are significantly smaller than the cohorts published from other countries 

157, 290, 330, 338, 349. As we examined outcomes in subpopulations, such as those with 

decompensated cirrhosis or with specific genotypes, the numbers in the cohorts became 

even smaller. This may limit the generalisability of the results and in some cases, limit 

meaningful analysis. Despite this, our results were comparable to real world study findings 

in other jurisdictions. 

 

In the systematic literature review, we recognise the potential for publication bias. While 

all resources and search strategies were used to ensure all relevant studies were 

included, it is possible that trial sponsors failed to report the results of unfavourable trials 

and thus, the potential for publication bias must be considered. Additionally, in that study, 

the pooling of data from studies with heterogeneous design requires awareness of the 

potential to introduce bias. Whilst pooling is the simplest and most intuitive way of 

summarising the information from several clinical trials, this approach does not consider 

the validity of the comparisons, assumes all trial designs are the same and therefore, is 

often subject to bias. If not recognised, these could have had implications on further work 
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completed in this thesis, where these data from the systematic review were incorporated 

into the NMA.  

 

9.4 Impact on Health Policy 

In 2011, the first generation protease inhibitors, TPV and BOC, were the first DAAs to be 

licensed in Ireland for use in HCV GT1-infected individuals in combination with PR, and 

following the HTA process were reimbursed for treatment 88. The availability of these 

therapies represented an opportunity to maximise stewardship of the therapeutic 

management of HCV infection in Ireland through the establishment of a treatment registry, 

ensuring optimal clinical and economic outcomes from the use of new agents in the 

clinical setting. As a result, ICORN and the national HCV treatment registry was 

established and reimbursement of these regimens was contingent on the collecting and 

reporting of real world effectiveness and cost outcomes.  

 

At the end of 2014, the early access to potent IFN-free regimens in Ireland, granted by the 

HSE prior to the evaluation of cost-effectiveness, was significant. Although recognised as 

clinically effective treatments with significantly improved treatment outcomes, the cost of 

these drugs place a significant burden on healthcare systems worldwide and have the 

potential to displace significant amounts of healthcare within and outside the area of HCV 

438. Ensuring accessibility and appropriate allocation of these regimens in Ireland was the 

next step forward. In an ideal world, the most tolerable and efficacious treatments would 

be immediately available to every patient. Yet, in the face of finite health budgets, there is 

no HCV single treatment strategy that is optimal with regard to all public-health outcomes, 

and each involves a trade-off. For instance, while prioritising patients with advanced liver 

disease will have maximum impact on liver-related complications, it is suboptimal in 

curtailing the transmission rate which would require targeting PWIDs 439. A number of 

strategies were implemented by different countries to address the issue of affordability; 
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the universal approach, while potentially suboptimal, was aimed at prioritisation based on 

clinical need. 

 

In Ireland, an Expert Advisory Group was established by the Department of Health tasked 

with advising on the best approach for allocating treatment. The group recommended that, 

in order to optimise patient outcomes, a National Hepatitis C Treatment Programme be 

established and clinical prioritisation criteria be defined which would facilitate the 

identification of patients at greatest clinical risk. The success of the national HCV 

treatment registry in the reporting of the patient demographics, clinical and economic 

outcomes for the DAA triple therapy regimens, presented in Chapters 5 and 6, was 

fundamental to this recommendation. The power and value of these data generated from 

the treatment registry was recognised and the group advised on the evolution of the 

treatment registry into a national HCV disease registry. The aim of the disease registry 

would be to assist with future treatment planning and strategies.  

 

Based on international evidence and advice from clinical experts 76, 158, the advisory group 

proposed that, in Ireland, treatment allocation would be phased and patients would be 

prioritised for each phase based on their clinical need under a multi-annual treatment 

plan. Consequently, prior to the commencement of each phase of the treatment strategy, 

patient data from each of the seven hospital sites, which were deemed to match the 

required prioritisation criteria, was submitted to the newly expanded disease registry. The 

data for each patient was reviewed and those meeting criteria were approved to 

commence treatment.  

Now the registry not only contains data on patients who have commenced (or completed) 

treatment with DAA agents (IFN-based and IFN-free) but it also includes data on patients 

awaiting approval for treatment. While continuing to monitor the clinical effectiveness and 

economic outcomes of the new drug regimens, the registry now provides a very clear 
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picture of the profile of patients receiving treatment and the risk profile and clinical status 

of those who are engaged with care and waiting treatment. From an operational point of 

view, and cognisant of the feedback from the survey, the registry will transition to an 

electronic user-friendly format by Quarter 4 2016. This will reduce the paper-burden of the 

current system and in addition, will innovatively pull data directly from the Patient 

Administration Systems in the individual treatment sites, an example of linking data similar 

to the TrolleyGAR system in operation by the HSE 440, 441. This will be a fundamental 

improvement to the registry given that the capacity to treat is anticipated to increase when 

the IFN-free regimens become available to patients without cirrhosis, as the requirement 

for intensive on-treatment monitoring lessens.  

 

The real world clinical and costs data will continue to inform treatment decisions both for 

individuals but also for subgroups within the HCV population in Ireland. The inclusion of 

patients engaged with care and awaiting treatment allows for more informed decision-

making on the most appropriate clinical pathways and drug treatments for patients. 

Furthermore, the data are being used to inform drug reimbursement decisions and are 

also proving useful in strategic negotiations with the pharmaceutical suppliers, in terms of 

reducing the acquisition costs of the treatment regimens. 

 

9.5 Implications for the future 

Establishment of Irish values for the effectiveness and HCV-related costs, in particular the 

on-treatment monitoring costs, for DAA-regimens will facilitate more robust HTAs of future 

HCV agents in Ireland. While these data apply to currently reimbursed regimens, this 

research provides a clear view of the expected differences between the efficacy and 

effectiveness rates of HCV regimens. With the completion of this research, there is now 

Irish data available on the costs of untreated HCV, on-treatment HCV-related costs, the 

mean annual cost post-discontinuation and the mean annual post-SVR costs. These data 
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will be highly valuable to healthcare policy-makers as they continue to manage the budget 

impact of these high cost drugs.  

 

The treatment registry provided an accurate national account of the number of HCV-

infected patients who have received treatment with DAA regimens and their 

demographics. Additionally, with the evolution to the disease registry and by combining 

these data with data from previous studies, we can estimate the total number of patients 

who have received treatment and the total number of patients awaiting treatment. The 

registry also facilitates the recording of the treatment outcomes in one central database 

and the identification of those who have required re-treatment. These data allow for a 

national overview of the capacity to treat with current and future HCV regimens and allow 

for the future planning of resource allocation and utilisation. 

 

The outcomes from the quantitative survey were important to ensure the future success of 

the registry. The survey identified the importance of reducing the administrative tasks and 

workload of the nursing staff, in particular. The introduction of an electronic platform for 

patient registration was identified as a solution, and is currently being addressed. The 

introduction of the IHIs, a unique personal number across all health and social services, is 

a key part of the government’s e-health strategy. It will be a further resource to facilitate 

the linkage and integration of data across care settings. Harnessed correctly, this will be 

important for the continued success of the registry and increase the value of the findings. 

Additionally, in recognition of the need for communication regarding the registry 

outcomes, a formal annual report will now be available through the National Treatment 

Programme. 

 

In Chapter 8 we identified the need for more appropriate methods of forming ‘connected 

networks’ when including non-comparative studies in NMAs. There was significant 
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uncertainty surrounding the results in this study, driven mainly by the development of a 

novel method for connecting the network by Leahy et al 407. However, without using this 

methodology to connect the network, an estimation of the relative treatment effect for all 

licensed regimens for GT1 HCV infection would not have been possible. As more and 

more treatments become available for HCV in the future, it is important to have greater 

confidence in the estimates of relative treatment effect for use in economic evaluations. 

We recommend that further work be completed to develop reliable strategies for 

incorporating non-comparative studies in the NMA.  

 

With the success of the HCV treatment registry in Ireland, healthcare policy-makers 

should look to implement similar studies in other therapeutic areas. The research 

conducted as part of this thesis has demonstrated the value of these data in one particular 

therapeutic area, and provides evidence of the value and need for application to other 

therapeutic areas where drug acquisition costs are considerable or where cost-

effectiveness has not been established. A recent study provided real world survival 

outcomes for patients with advanced malignant melanoma treated with ipilimumab, a high 

cost anti-cancer drug, in Ireland 442, and noted the disparity between efficacy rates and 

effectiveness rates in real world practice. Findings from this study have prompted 

decision-makers to review the potential for linking data from the National Cancer Registry 

of Ireland with outcome data following treatment. Similarly, the high cost of the PSK-9 

inhibitor evolocumab for hypercholesterolaemia has prompted the need for prospective 

accrual of data, not only to ensure that the correct patient populations are selected for 

treatment, but also to determine the outcomes post-treatment 400. Given there is an 

increasing need to control healthcare expenditure and demonstrate increased value for 

money in the Irish healthcare system, there is considerable potential for prospective, 

longitudinal observational outcomes research studies, registries and other databases to 

provide valuable data in many other therapeutic areas.  
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From a broader context, not only have we developed a framework for an observational 

outcomes research portfolio facilitated through treatment and disease registries that can 

be applied to other high-cost therapeutic areas but we have also demonstrated the impact 

of prospective, longitudinal observational evidence on health-policy. However, there 

continues to be significant variation in the standard of observational studies undertaken 

worldwide which is contributing to some resistance in the acceptance of observational 

studies for use in healthcare decisions. Patient care decisions demand high quality 

research. To assist those decisions, numerous observational studies are being performed. 

In order for payers and decision-makers to fully embrace and accept observational 

evidence, there needs to be greater confidence in the quality of the study designs and 

outcomes reported. This has raised questions whether the development of guidelines and 

the implementation of standards for the conduct of observational studies would give rise to 

greater recognition in the decision-making process without compromising the real world 

value, and generalisability, of the evidence.  

 

At present, the STROBE statements and GRACE principles are the closest we have to 

any guidelines relating to observational studies. However, they do not provide guidance 

for the conduct and design, but provide a checklist for the reporting of and assessing 

observational studies in terms of quality for usefulness of decision making, respectively 

273, 443. Following on from our research and from analysing outcomes from the 

observational studies identified in our systematic literature review, we advocate for the 

development of principles for the design and conduct of these studies in order to 

maximise their value. The defining strength of observational studies is the fact that they 

monitor the outcomes of patients in their natural environment. It is essential that any 

guidelines do not compromise this strength. However, we believe that there should be 

guidance and standards around the study setting, the sample size and power and the 
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outcomes to be assessed. While each disease area/condition needs to be considered 

separately, there should be guidance around the ‘natural environment’, ensuring that it is 

suitable for assessing the outcome of interest and reflective of the treatment pathway for 

the disease/condition under investigation. Having observed significant fluctuations in the 

number of subjects included in the observational studies identified in Chapter 4, we 

believe that the sample size and power of the observational study should be performed 

and considered in order to assure confidence in the study results and conclusions while 

accepting that there are circumstances where it is impossible to include a sufficient 

sample size into an observational study such as in our study, where the sample was 

limited by the capacity to treating in each study centre. Finally, standardised outcomes, 

again specific to each condition/disease, would enable comparability between studies and 

would facilitate the pooling of data from multiple studies, particularly in instances where 

the studies had insufficient power to detect statistically significant outcomes. OMERACT is 

an example where an internationally, informally organised network was formed with the 

aim of improving outcome measures in rheumatology 444. The network were committed to 

determining relevant health outcome domains and endorsing valid, responsive, feasible 

health outcome measures in patients with musculoskeletal conditions and is an example 

of an initiative that could be incorporated into other disease areas, such as hepatitis C.  

 

In HCV, an initiative similar to OMERACT could facilitate a consensus on the outcomes 

required to be measured in observational studies. By establishing consensus on outcome 

measures, such as SVR12, the same outcome will be gathered across all studies types, 

from RCTs to observational studies, increasing the body of evidence available for use in 

evidence synthesis and preventing the exclusion of studies deemed ‘invaluable’ as a 

result of their use of an alternative outcome measure. Additionally, an international 

network could identify treatment regimens where real-world outcome data is lacking or 

where additional head-to-head data would be beneficial and agree to undertake 

collaborative, observational studies including these identified regimens. Such studies 
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would be also be highly valuable in evidence synthesis where difficulties continue to arise 

in network meta-analyses and the formation of connected networks as discussed in 

Chapter 8.  Finally, while SVR is the outcome measure most commonly reported, such a 

network could commit to designing longer-term studies, focusing on outcome measures 

such as the development of liver cancer and liver disease progression.  

 

The use of real world data is critical to transforming healthcare and policies need to 

address this issue. There is now a vast volume of observational studies undertaken, it is 

important that they are conducted in such as way as to ensure that the outcomes are valid 

and that they receive the recognition that they deserve. The development of standardised 

guidelines would enable decision-makers to have greater confidence in the outcomes 

from observational studies. 

 

Another method of improving the acceptability of observational studies would be a 

requirement to register observational studies, much like the current process for registering 

clinical trials. Clinical trial registers are established tools for improving access to 

information on trials and for addressing publication bias and reporting bias 445. As with 

clinical trials, incomplete reporting of observational studies has been documented. It has 

also been suggested that observational studies are at increased risk for publication bias or 

other types of bias, including misrepresentation of pre-specified analyses. Such biases 

are concerning given that they can undermine the validity of observational studies and 

their importance and value to the evidence base. Registering of these studies would 

ensure that there was record of observational studies commenced and ideally, reducing 

those studies where no outcomes, or outcomes that differed from those that were pre-

specified, were reported. This register would provide decision-makers and researchers 

with a more comprehensive view of the growing evidence base.  
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9.6 Conclusions 

This thesis demonstrates the value of observational data in healthcare decision-making. 

While the use of data from observational studies exclusively for regulatory approval and 

licensing is not advocated, healthcare decision-makers should incorporate these data with 

all other available evidence when making decisions that will inform health policy.  

 

A framework for a prospective, longitudinal, observational outcomes research portfolio 

facilitated through treatment and disease registries has now been developed. Policy-

makers in other therapeutic areas can adopt this framework as they strive to more clearly 

demonstrate the effectiveness and value of interventions using combinations of evidence 

that is compelling to decision-makers. 

 

Finally, given the volume and variation in the quality of observational studies undertaken, 

we advocate the need for guidelines for the design and conduct of these studies. Without 

compromising the ‘natural environment’, it is important that there is comparability between 

studies conducted in the same disease area and that decision-makers have confidence in 

the quality of the research undertaken and the outcomes reported.   
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Appendix 1: Systematic Literature Review  

Search Strategy 

Search Terms for PubMed  
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 ((((((((telaprevir AND Randomized Controlled Trial[ptyp])) OR (boceprevir AND 

Randomized Controlled Trial[ptyp] AND Humans[Mesh])) OR (simeprevir AND 

Randomized Controlled Trial[ptyp] AND Humans[Mesh])) OR (sofosbuvir AND 

Randomized Controlled Trial[ptyp] AND Humans[Mesh])) OR (ledipasvir AND 

Randomized Controlled Trial[ptyp] AND Humans[Mesh])) OR (daclatasvir AND 

Randomized Controlled Trial[ptyp] AND Humans[Mesh])) OR (paritaprevir AND 

Randomized Controlled Trial[ptyp] AND Humans[Mesh])) OR (ombitasvir AND 

Randomized Controlled Trial[ptyp] AND Humans[Mesh]) AND (Randomized Controlled 

Trial[ptyp] AND Humans[Mesh])  

 

OR 

 

((((((((((((((ombitasvir) AND real world studies)) OR ((paritaprevir) AND real world studies)) 

OR ((paritaprevir) AND real world studies)) OR ((ledipasvir) AND real world studies)) OR 

((daclatasvir) AND real world studies)) OR ((sofosbuvir) AND real world studies)) OR 

((simeprevir) AND real world studies)) OR ((boceprevir) AND real world studies)) OR 

((telaprevir) AND real world studies))) OR ((((((((((ombitasvir AND (Observational 

Study[ptyp]))) OR (paritaprevir AND (Observational Study[ptyp]))) OR (daclatasvir AND 

(Observational Study[ptyp]))) OR (ledipasvir AND (Observational Study[ptyp]))) OR 

(sofosbuvir AND (Observational Study[ptyp]))) OR (simeprevir AND (Observational 

Study[ptyp]))) OR (boceprevir AND Observational Study[ptyp])) OR (telaprevir AND 

Observational Study[ptyp])) AND Observational Study[ptyp])) OR ((((((((telaprevir) AND 

real world)) OR ((boceprevir) AND real world)) OR ((sofosbuvir) AND real world)) OR 

((simeprevir) AND real world)) OR ((ledipasvir) AND real world)) OR ((daclatasvir) AND 

real world))) 

 

Translations 
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Humans[Mesh] "humans"[MeSH Terms] 

ombitasvir 
"ABT-267"[Supplementary Concept] OR "ABT-267"[All Fields] OR "ombitasvir"[All 

Fields] 

studies 

"Studies"[Journal] OR "studies"[All Fields] OR "Stud Inst Divi Thomae"[Journal] 

OR "studies"[All Fields] OR "Brigham Young Univ Stud"[Journal] OR "studies"[All 

Fields] 

world "WORLD"[Journal] OR "world"[All Fields] 

paritaprevir 
"ABT-450"[Supplementary Concept] OR "ABT-450"[All Fields] OR 

"paritaprevir"[All Fields] 

ledipasvir "ledipasvir"[Supplementary Concept] OR "ledipasvir"[All Fields] 

daclatasvir 
"BMS-790052"[Supplementary Concept] OR "BMS-790052"[All Fields] OR 

"daclatasvir"[All Fields] 

sofosbuvir "sofosbuvir"[MeSH Terms] OR "sofosbuvir"[All Fields] 

simeprevir "simeprevir"[MeSH Terms] OR "simeprevir"[All Fields] 

boceprevir 

"N-(3-amino-1-(cyclobutylmethyl)-2,3-dioxopropyl)-3-(2-((((1,1-

dimethylethyl)amino)carbonyl)amino)-3,3-dimethyl-1-oxobutyl)-6,6-dimethyl-3-

azabicyclo(3.1.0)hexan-2-carboxamide"[Supplementary Concept] OR "N-(3-

amino-1-(cyclobutylmethyl)-2,3-dioxopropyl)-3-(2-((((1,1-

dimethylethyl)amino)carbonyl)amino)-3,3-dimethyl-1-oxobutyl)-6,6-dimethyl-3-

azabicyclo(3.1.0)hexan-2-carboxamide"[All Fields] OR "boceprevir"[All Fields] 

telaprevir "telaprevir"[Supplementary Concept] OR "telaprevir"[All Fields] 

 

Search Terms for EMBASE 

1. ‘telaprevir’/exp OR telaprevir AND [randomized controlled trial]/lim AND [humans]/lim 

2. ‘boceprevir’/exp OR boceprevir AND [randomized controlled trial]/lim AND [humans]/lim 

3. #1 OR #2 
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4. ‘telaprevir’/exp AND [randomized controlled trial]/lim AND [humans]/lim 

5.  ‘boceprevir’/exp AND [randomized controlled trial]/lim AND [humans]/lim 

6.  #4 OR #5  

7. #3 OR #6  

8. simeprevir AND [randomized controlled trial]/lim AND [humans]/lim 

9. ‘simeprevir’/exp AND [randomized controlled trial]/lim AND [humans]/lim 

10. #8 OR #9  

11. sofosbuvir AND [randomized controlled trial]/lim AND [humans]/lim 

12. ‘sofosbuvir’/exp AND [randomized controlled trial]/lim AND [humans]/lim 

13. #11 OR #12  

14. daclatasvir AND [randomized controlled trial]/lim AND [humans]/lim 

15. ‘daclatasvir’/exp AND [randomized controlled trial]/lim AND [humans]/lim 

16. #14 OR #15 

17. ledipasvir AND [randomized controlled trial]/lim AND [humans]/lim 

18. ‘ledipasvir’/exp AND [randomized controlled trial]/lim AND [humans]/lim 

19. #17 OR #18 

20. paritaprevir AND [randomized controlled trial]/lim AND [humans]/lim 

21. ombitasvir AND [randomized controlled trial]/lim AND [humans]/lim 

22. ‘ombitasvir’/exp AND [randomized controlled trial]/lim AND [humans]/lim 

23. ‘paritaprevir’/exp AND [randomized controlled trial]/lim AND [humans]/lim 

24. #20 OR #21 

25. #22 OR #23 

26. #24 OR #25 
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27. ‘telaprevir’/exp OR telaprevir 

28. ‘observational study’ 

29. ‘real world’ 

30. #27 AND (#28 OR #29) 

31. ‘boceprevir’/exp OR boceprevir 

32. ‘simeprevir’/exp OR simeprevir 

33. ‘sofosbuvir’/exp OR sofosbuvir 

34. ‘ledipasvir’/exp OR ledipasvir 

35. ‘daclatasvir’exp OR daclatasvir 

36. ‘paritaprevir’/exp OR paritaprevir 

37. ‘ombitasvir’/exp OR ombitasvir 

38. #29 AND #31 

39. #29 AND #32 

40. #29 AND #33  

41. #29 AND #34  

42. #29 84 AND #35 90 

43. #29 AND #36  

44. #29 AND #37 

#7 OR #10 OR #13 or #16 OR #19 OR #26 OR #30 OR #38 OR #39 OR #40 OR #41 OR 

#42 OR #43 OR #4 
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Table A 1: Baseline demographics of all patients included in clinical trials identified in the systematic review 

Study Year 
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N Male (%) G1a (%) 
Treatment 

Experienced 
(%) 

Presence of 
cirrhosis (%) 

SVR Rate (%) 

Jacobson et al 2011 TPV/PR PR 363 361 59 58.4 58.7 57.6 0 0 5.8 5.8 74.7 43.8 

McHutchison et al 2009 TPV/PR PR 158 75 64.6 57.3 65.2 66.7 0 0 0 0 63.9 41.3 

Hezode et al 2009 TPV/PR PR 81 82 66.7 54.9 38.3 42.7 0 0 0 0 69.1 46.3 

McHutchison et al 2010 TPV/PR PR 115 114 67.8 66.7 60 62.3 100 100 16.5 11.4 51.3 14 

Zeuzem et al 2011 TPV/PR PR 530 132 70.2 67 45.1 44.7 100 100 26.2 22.7 65.3 16.7 

Sherman et al 2011 TPV/PR 

 

440 - 61.6 - 71.8 - 0 - 9.5 - 83 - 

Kumada et al 2012 TPV/PR PR 126 63 52.4 52.4 1.6 0 0 0 0 0 73 49.2 

Kwo et al  2010 BOC/PR PR 206 104 52.9 67.3 54.9 51 0 0 6.3 7.7 65.5 37.5 

Poordad et al 2011 BOC/PR PR 734 363 61.3 56.7 64.2 62.5 0 0 5.4 3.6 64.7 37.7 

Bacon et al 2013 BOC/PR PR 323 80 65 72.5 58.8 57.5 100 100 12.1 12.5 62.5 21.3 

Flamm et al 2013 BOC/PR PR 134 67 72.4 64.2 56 56.7 100 100 17.9 13.4 64.2 20.9 

Fried et al 2014 SMV/PR PR 156 77 55.8 50.6 47.4 37.7 0 0 0 0 81.4 64.9 

Zeuzem et al 2014b SMV/PR PR 199 66 68.3 63.6 41.2 40.9 100 100 12.1 12.5 62.5 21.3 

Forns et al 2014 SMV/PR PR 260 133 68.6 59.4 42.3 40.6 100 100 15.8 14.3 72.9 36.1 

Jacobson et al 2014 SMV/PR PR 264 130 56.1 56.9 55.7 56.9 0 0 11.7 13.1 79.5 50 

Manns et al 2014 SMV/PR PR 257 134 54.5 57.5 40.9 40.3 0 0 6.6 11.2 50 79.5 

Reddy et al 2015 SMV/PR TPV/PR 379 384 64.1 58.1 43 42.2 100 100 23.2 19.5 53.6 54.7 

Kowdley et al 2013 SOF/PR  161 - 60.9 - 77.6 - 0 - 0 - 88.8 - 

Lawitz et al 2013b SOF/PR  292 - 64 - 77.1 - 0 - 100 - 89.4 - 
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Lawitz et al 2013a SOF/PR PR 47 26 44.7 73.1 74.5 76.9 0 0 0 0 89.4 57.7 

Pol et al 2012 DCV/PR PR 12 12 58.3 66.7 75 58.3 0 0 0 0 83.3 25 

Osinusi et al 2013 SOF+RBV  25 - 76 - 80 - 0 - 4 - 68 - 

Chulanov et al 2014 SOF+RBV  34 - N/A N/A N/A N/A 0 - 82.4 - 76.5 - 

Lalezari et al 2013 SOF+RBV  38 - N/A N/A 78.9 - 0 - N/A - 50 - 

Lawitz et al 2014a SOF/SMV±RBV  167 - 64.1 - 77.2 - 76 - 24.6 - 92.2 - 

Kwo et al 2015 SOF/SMV±RBV  310 - N/A N/A N/A N/A 29.7 - 0 - 89.7 - 

Lawtiz et al 2015 SOF/SMV±RBV  103 - N/A N/A N/A N/A 51.5 - 100 - 83.5 - 

Kowdley et al 2014b 3DRBV 

 

201 - 54.2 - 65.7 - 20.9 - 0 - 92.5 - 

Feld et al 2014 3DRBV 

 

473 - 57.3 - 68.1 - 0 - 0 - 96.2 - 

Zeuzem et al 2014a 3DRBV 

 

297 - 56.2 - 58.2 - 100 - 0 - 96.3 - 

Poordad et al 2014 3DRBV 

 

380 - 70.3 - 68.7 - 57.9 - 100 - 93.7 - 

Ferenci et al 2014 3DRBV 

 

724 - 54 - 42.1 - 0 - 0 - 96.4 - 

Dore et al 2015 3DRBV TPV/PR 337 122 53.7 50.8 26.1 33.6 30 38.5 0 0 98.2 74.6 

Andreone et al 2014 3DRBV  186 - 54.8 - 0 - 100 - 0 - 98.4 - 

Sulkowski et al 2014 DCV/SOF±RBV 

 

152 - 53.9 - 79.6 - 27 - 0 - 98 - 

Bourliere et al 2015 SOF/LDV±RBV  155 - 73.5 - 63.2 - 100 - 100 - 96.1 - 

Lawitz et al 2014b SOF/LDV±RBV 

 

100 - 

 

- 87 - 40 - 22 - 97 - 

Afdhal et al 2014b SOF/LDV±RBV 

 

440 - 65.2 - 76.6 - 100 - 20 - 97 - 

Kowdley et al 2014a SOF/LDV±RBV 

 

647 - 58 - 79.6 - 0 - 0 - 96.4 - 

Afdhal et al 2014a SOF/LDV±RBV 

 

865 - 59.3 - 67.2 - 0 - 15.7 - 98.2 - 

Gane et al 2014 SOF/LDV±RBV SOF+RBV 53 35 N/A N/A 81.1 88.6 53 28.6 35.8 0 94.3 88 

Charlton et al 2015 SOF/LDV±RBV 

 

105 - 68.6 - 70.7 - 66.7 - 100 - 86.7 - 

Mizokami et al 2015 SOF/LDV±RBV 

 

341 - 32.8 - 3.2 - 51.3 - 22.3 - 99.1 - 

N/A – Data not available  
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Table A 2: Baseline demographics of all patients included in observational studies identified in the systematic review 

Study Year Drug Treatment N Male (%) G1a (%) Treatment 
Experienced (%) 

Presence of 
cirrhosis (%) 

SVR Rate (%) 

Bonnet et al 2014 TPV/PR 90 N/A N/A 100 N/A 65.9 

  BOC/PR 35 N/A N/A 100 N/A 44.1 

Ioannou et al 2014 TPV/PR 759 96 54 48 60 47.3 

  BOC/PR 3696 96 60 35 29 52.2 

Price et al 2014 TPV/PR 211 59 63 46 23 56 

  BOC/PR 141 62 61 40 18 53 

Colombo et al 2014 TPV/PR 1078 64 25.7 79.5 48.8 57 

Backus et al 2014 TPV/PR 198 97 49 51 44 52 

  BOC/PR 661 95 58 41 27 50 

Bruno et al 2014 BOC/PR 266 68.4 20.7 100 N/A 45.9 

Gordon et al 2015 TPV/PR 1629 60 56.1 57 39.8 54 

  BOC/PR 455 62 55.8 56 30.8 44 

Lebovis et al 2015 SOF/SMV±RBV 49 N/A N/A N/A N/A 90 

Backus et al 2015 SOF/PR 1302 95.5 61.2 37.5 38.2 66.8 

  SOF/SMV±RBV 1901 95.9 59.9 36.6 63.8 75.1 

Dev et al 2014 BOC/PR 157 68 52.9 55 26.8 78.3 

Wehmeyer et al 2014 TPV/PR 65 66 30.8 64.6 33.8 61.5 

  BOC/PR 37 54 51.4 35.1 18.9 59.5 

Mauss et al 2014 TPV/PR 157 N/A 63.1 N/A N/A 60.5 

  BOC/PR 56 N/A 64.3 N/A N/A 57.1 

Mauss et al 2015 TPV/PR 800 62.4 29.3 65.9 16.6 60 

  BOC/PR 287 56.4 31 51.2 12.2 53 

Nazareth et al 2014 BOC/PR 70 N/A N/A 86 47 57 

Khalid et al 2013a TPV/PR 79 62 N/A 38 N/A 81 

Khalid et al 2013b BOC/PR 57 57 N/A 100 N/A 57.9 

Alric et al 2013 TPV/PR 90 N/A N/A 100 N/A 66.7 

  BOC/PR 35 N/A N/A 100 N/A 42.9 

Calleja et al 2015 BOC/PR 170 68.2 25 80 78 46.5 

Sukeepaisarnjaroen et al 2015 BOC/PR 146 76 N/A 100 46 62.3 

Vo et al 2015 TPV/PR 113 64.3 35.7 59.3 23.9 53 
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  BOC/PR 87 76.9 49.4 49.4 47 40 

Fernandez et al 2014 TPV/PR 178 N/A N/A 100 N/A 50 

  BOC/PR 114 N/A N/A 100 N/A 30.7 

Petersen et al 2014 TPV/PR 90 N/A N/A N/A N/A 62 

  BOC/PR 82 N/A N/A N/A N/A 57 

Werner et al 2015 TPV/PR 102 52 27 76 28 75.5 

  BOC/PR 29 69 22 69 21 62.1 

Alam et al 2015 SOF/SMV±RBV 109 N/A 76.1 30.3 43.1 90.8 

  SMV/PR 5 N/A 66.7 0 0 80 

Lai et al 2015 SOF/PR 41 N/A N/A N/A N/A 73.3 

  TPV/PR 511 N/A N/A N/A N/A 63 

  BOC/PR 631 N/A N/A N/A N/A 57.9 

Fontaine et al 2015 DCV/SOF±RBV 84 N/A N/A N/A N/A 89.3 

Hezode et al 2013 TPV/PR 292 67.5 33.6 100 100 40 

  BOC/PR 205 68.3 39.5 100 100 41 

Welzel et al 2015 DCV/SOF±RBV 109 N/A 45.9 N/A N/A 98.2 

Foster et al 2015 DCV/SOF±RBV 50 N/A N/A N/A N/A 88 

  SOF/LDV±RBV 184 N/A N/A N/A N/A 87.5 

Gray et al 2016 TPV/PR 215 73.8 55.3 31.1 27.9 73.5 

  BOC/PR 94 71.6 56.4 24.5 25.5 60.6 

  SMV/PR 27 88.9 40.7 22.2 12.5 48.1 

  SOF/LDV±RBV 113 64 44.2 49.5 100 85.8 

  3D±RBV 58 61.8 32.8 46.2 100 91.4 

Backus et al 2015 SOF/LDV±RBV 1831 95 76 0 35 93.6 

Terrault et al 2015 SOF/LDV±RBV 890 61 64.7 52.9 42 96.4 

Reddy et al 2015 SOF/SMV±RBV 136 N/A 61 63.2 100 72.1 

  SOF/PR 21 N/A 47.6 66.7 100 52.4 

Walker et al 2015 3D±RBV 44 52.3 N/A 2.3 9.1 97.7 

  SOF/LDVRBV 1663 60.2 N/A 3.5 36 95.6 

Salmeron et al 2015 TPV/PR 652 71 21 71 50.3 65 

  BOC/PR 405 65 25.2 68 53.6  52.3 

Curry et al 2015a SOF/LDV±RBV 632 56 67.9 0 0 95.6 

Curry et al 2015b SOF/LDV±RBV 476 67 67 100 100 90.3 
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Sulkowski et al 2015 SOF/SMV±RBV 836 60.9 60.9 26.8 58.7 84.2 

Rodriguez et al 2015 SOF/SMV±RBV 20 60 55 0 100 100 

Dieterich et al 2015 SOF/SMV±RBV 317 60 63.1 52.4 45.4 93 

  SOF/PR 353 61 68 41.9 22.4 77.3 

Gill et al 2015 SOF/LDV±RBV 91 65 61.5 46.2 50.5 82.4 

Nyugen-Khac et al 2015 SOF/SMV±RBV 203 57 16.3 67 63.1 91.6 

Roytman et al 2015 SOF/LDV±RBV 96 65 63.5 40.6 51 91.7 
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Table A 3: The Newcastle Ottawa Scale risk of bias at the outcome level for observational studies 

Study Year Outcome Selection Comparability Outcome No. of 

Stars 

S1 S2 S3 S4 C1 C2 O1 O2 O3 

Bonnet et al 2014 SVR    N/A      6 

Ioannou et al 2014 SVR    N/A      7 

Price et al 2014 SVR    N/A      8 

Colombo et al 2014 SVR    N/A      5 

Backus et al 2014 SVR    N/A      8 

Bruno et al* 2014 SVR    N/A      5 

Gordon et al 2015 SVR    N/A      6 

Lebovics et al* 2015 SVR    N/A      5 

Backus et al 2015 SVR    N/A      6 

Dev et al* 2014 SVR    N/A      6 

Wehmeyer et al 2014 SVR    N/A      6 

Mauss et al* 2014 SVR    N/A      6 

Mauss et al 2015 SVR    N/A      6 

Nazareth et al* 2014 SVR    N/A      6 

Khalid et al* 2013a SVR    N/A      6 

Khalid et al * 2013b SVR    N/A      6 

Alric et al* 2013 SVR    N/A      6 

Calleja et al  2015 SVR    N/A      6 

Sukeepaisarnjaroen et al 2015 SVR    N/A      6 

Vo et al 2015 SVR    N/A      5 

Fernandez et al* 2014 SVR    N/A      5 

Petersen et al* 2014 SVR    N/A      5 

Warner et al 2015 SVR    N/A      6 

Alam et al* 2015 SVR    N/A      6 

Lai et al * 2015 SVR    N/A      5 

Fontaine et al* 2015 SVR    N/A      5 

Hezode et al 2013 SVR    N/A      6 

Welzel et al* 2015 SVR    N/A      6 
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Foster et al 2016 SVR    N/A      6 

Gray et al^ 2015 SVR    N/A      8 

Backus et al  2015 SVR    N/A      7 

Terrault et al* 2015 SVR    N/A      6 

Reddy et al* 2015 SVR    N/A      6 

Walker et al 2015 SVR    N/A      8 

Salmeron et al 2015 SVR    N/A      8 

Curry et al* 2015a SVR    N/A      6 

Curry et al*  2015b SVR    N/A      6 

Sulkowski et al 2015 SVR    N/A      8 

Rodriguez et al* 2015 SVR    N/A      6 

Dieterich et al*  2015 SVR    N/A      6 

Gill et al* 2015 SVR    N/A      5 

Nyugen-Khac et al* 2015 SVR    N/A      6 

Roytman et al* 2015 SVR    N/A      5 

N/A = not applicable – outcome of interest is not a side effect 
*Indicates this was a conference abstract identified in hand-searching of grey literature – information regarding quality was limited  
^Indicates a study completed by the candidate. A number of abstracts have been published and one article is currently under review.  
Selection contains four criteria: S1, representativeness of the exposed cohort; S2, selection of the non-exposed cohort; S3 ascertainment of exposure; S4 demonstration that outcome of interest was not 
present at start of study (for side effects); C1, comparability of cohorts on the basis of the design or analysis; C2, comparability of cohorts on the basis of additional factors; O1, assessment of outcome; O2 
long enough follow-up for outcomes to occur; O3, adequacy of follow up of cohorts 
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Table A 4: Pooled SVR rates for the clinical trials and observational studies after removing studies at high risk 
of bias 

Treatment 
Regimen 

Study Type n 
SVR12/24 

(%) 
p-value 

TPV/PR 
Clinical trials 1373 67 

<0.0001* 
Observational studies 2035 57 

BOC/PR 
Clinical trials 1191 64 

<0.0001* 
Observational studies 4997 52 

SMV/PR 
Clinical trials - - 

- 
Observational studies 27 48 

DCV/PR 
Clinical trials - - 

- 
Observational studies - - 

SOF/PR 
Clinical trials 47 89 

- 
Observational studies - - 

SOF+RBV 
Clinical trials 72 63 

- 
Observational studies - - 

SOF/SMVRBV 
Clinical trials - - 

- 
Observational studies 836 84 

3DRBV 
Clinical trials 1874 96 

0.653 
Observational studies 102 95 

SOF/DCV±RBV 
Clinical trials - - 

- 
Observational studies - - 

SOF/LDV±RBV 
Clinical trials 313 93 

<0.459 
Observational studies 3607 94 

*Statistically significant 
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Appendix 2: Propensity Scoring: Confounding Variables and 

Standardised Differences 

Table A 5: Original confounding variables in dataset 

Variable Type Value 

Treatment experienced Categorical 1=Yes, 0=No 

Presence of cirrhosis Categorical 1=Yes, 0=No 

Age Continuous  

BMI Continuous  

Genotype Categorical 1=GT1, 2=GT1a, 3=GT1b 

IL28B allele Categorical 1=CC, 2=CT, 3=TT 

Baseline HCV>800,000 Categorical  1=Yes, 0=No 

 

 

 

 

Table A 6: Confounding variables after inclusion of dummy variables 

Variable Type Value 

Treatment experienced Categorical 1=Yes, 0=No 

Presence of cirrhosis Categorical 1=Yes, 0=No 

Age Continuous  

BMI Continuous  

GT1 Categorical 1=Yes, 0=No 

GT1a Categorical 1=Yes, 0=No 

IL28B CT Categorical 1=Yes, 0=No 

IL28B TT Categorical 1=Yes, 0=No 

Baseline HCV>800,000 Categorical  1=Yes, 0=No 

 

 

 

 

Table A 7: Standardised difference of confounding variables between SOF/LDVRBV and 3DRBV patients prior 
to stratification 

 Mean 

SOF/LDVRBV 
Mean 3DRBV Standardised 

Difference 

Previous PI/PR experience 0.31 0.08 -0.601 

Previous PR experience 0.19 0.34 0.348 

Age 51.85 54.36 0.232 

Sex 0.65 0.63 -0.046 

GT1a 0.6 0.36 -0.492 

GT1b 0.25 0.40 0.324 

Baseline HCV > 800,000 0.5 0.53 0.049 

PI/PR = protease inhibitor in combination with pegylated-interferon and ribavirin, PR = pegylated-interferon and ribavirin 
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Table A 8: Standardised difference of confounding variables between SOF/LDVRBV and 3DRBV patients after 
stratification 

 Mean 

SOF/LDVRBV 
Mean 3DRBV Standardised 

Difference 

Previous PI/PR experience 0.08 0.08 -0.009 

Previous PR experience 0.34 0.34 -0.018 

Age 54.02 54.36 0.032 

Gender 0.67 0.63 -0.091 

GT1a 0.43 0.36 -0.151* 

GT1b 0.35 0.40 0.106* 

Baseline HCV > 800,000 0.53 0.53 -0.10 

PI/PR = protease inhibitor in combination with pegylated-interferon and ribavirin, PR = pegylated-interferon and ribavirin 

*Both are above the widely accepted criterion of 0.1 but modification of the model to achieve better balance did not lead 

to any improvements 
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Appendix 3: Unit Cost Data and Sensitivity Analysis 

Table A 9: Sources of unit costs 

Resources Source of unit costs 

Medications (For HCV and AEs) HSE PCRS 

Staff costs* HSE Salary Scales 

Laboratory investigations University teaching hospital laboratory/finance departments 

Diagnostic investigations University teaching hospital laboratory/finance departments 

HCV-PCR assays NVRL 

Hospital admissions# HSE-Casemix (Inpatient DRG) 

HCV = hepatitis C, AEs = adverse events, HSE = Health Service Executive, PCRS = Primary Care Reimbursement 
Service, PCR = polymerase chain reaction, NVRL = National Virus Reference Laboratory, DRG = Diagnostic Related 
Group 
* 

Median point on the relevant salary scale plus overheads, based on reported number of hours
 

# 
Specific DRGs selected depending on HCV-related reason for hospital admission, cost per-diem applied based on 

reported length of stay 
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Table A 10: Resources and costs included in the estimation of the IFN-based baseline work-up 

Category Resource Unit Cost 

Staff   

 Administration €7.15 

 Phlebotomist €1.90 

 Consultant/Registrar €26.64 

 CNS €19.11 

 Pharmacist €17.01 

   

Labs   

 Full blood count €16.05 

 Renal €10.03 

 Coagulation €15.29 

 Liver €10.03 

 Thyroid function test €24.07 

 AFP €15.04 

 Cholesterol €12.04 

 Glucose €3.01 

 HbA1c €20.06 

 Calcium €5.01 

 Inositol Phosphate €5.01 

 Urate €5.01 

 HIV Antibodies €10.94 

 Hep A Virus €15.45 

 Hep B surface Antigen €19.31 

 Hep B surfance Antibodies €12.67 

 HCV-PCR Assay €65.00 

 Genotype €147.54 

 IL28B  €66.77 

   

Diagnostic   

 ECG €30.09 

 CXR €27.43 
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Table A 11: Resources and costs included in the estimation of the IFN-free baseline work up 

Category Resource Unit Costs 

Staff   

 Administration €7.15 

 Phlebotomist €1.90 

 Medical €26.64 

 CNS €19.11 

 Pharmacist €17.01 

   

Labs   

 Full blood count €16.05 

 Renal €10.03 

 Coagulation €15.29 

 Liver €10.03 

 Thyroid function tests €24.07 

 AFP €15.04 

 Cholesterol €12.04 

 Glucose €3.01 

 HbA1c €20.06 

 Calcium €5.01 

 Inositol phosphate €5.01 

 Urate €5.01 

 HIV Antibodies €10.94 

 Hep A Virus €15.45 

 Hep B surface Antigen €19.31 

 Hep B surface Antibodies €12.67 

 HCV-PCR Assay €88.44 

 Genotype €147.54 

 IL28B €66.77 

   

Diagnostic   

 ECG €30.09 

 CXR €27.43 

 Fibroscan €53.00 
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Table A12: Costs accrued by patients in a 12-month period following achievement of a SVR12/24 excluding the 
cost of admissions 

 IFN-based regimens IFN-free regimens P-value 

Laboratory Investigations €246 (95% CI €171-€330) €473 (95% CI €356-€605) <0.001 

HCV-PCR Assays €114 (95% CI €94-€136) €295 (95% CI €242-€354) <0.001 

Diagnostic procedures €75 (95% CI €50-€103) €322 (95% CI €242-€354) 0.041 

Referrals  €3 (95% CI €0-€10) €67 (95% CI €19-€144) 0.002 

Staff €61 (95% CI €46-€78) €162 (95% CI €122-€208) <0.001 

Total  €500 (95% CI €393-€617) €1319 (95% CI €1039-€1627) <0.001 

 

 

 

 
Table A13: Comparison between the mean annual costs for untreated HCV and the mean annual costs following 
SVR after IFN-based treatment excluding the cost of admissions 

 Mean annual costs for 
untreated HCV (Kieran 

et al) 

Mean annual post-
SVR costs following 
IFN-based treatment 

Mean Difference P-Value 

F0-F3 €404 (95% CI €354-€458) €495 (95% CI €366-€636) €91 0.213 

Compensated cirrhosis €1762 (95% CI €974-€3229) €521 (95% CI €308-€764) -€1241 0.285 

 

 

 

 
Table A14: Comparison between the mean annual costs for untreated HCV and the mean annual costs following 
SVR after IFN-free treatment excluding the cost of admissions 

 Mean annual costs for 
untreated HCV (Kieran 

et al) 

Mean annual post-
SVR costs following 
IFN-free treatment 

Mean 
Difference 

P-Value 

Compensated cirrhosis €1762 (95% CI €974-€3229) €1591 (95% CI €1243-
€1947) 

 - €171 0.794 

Decompensated cirrhosis €6564 (95% CI €4481-€9423) €674 (95% CI €102-€881) -€5890 <0.001 
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Appendix 4: Log Odds Ratios 

Table A 15: Log odds ratio and 95% CrIs for the network of RCTs only excluding observational studies  

Treatment Regimen Log Odds Ratio Standard Deviation 

DCV/PR 2.48 0.93 

BOC/PR 1.39 0.21 

SMV/PR 1.51 0.19 

TPV/PR 1.41 0.17 

SOF/PR 1.84 0.69 

3DRBV 4.23 0.54 

PR   

 

 

Table A 16: Log odds ratio and 95% CrIs for the pooled model excluding observational studies  

Treatment Regimen Log Odds Ratio Standard Deviation 

DCV/PR 2.36 1.03 

BOC/PR 1.46 0.35 

SMV/PR 1.55 0.3 

TPV/PR 1.41 0.27 

SOF/PR 1.78 0.64 

3DRBV 3.84 0.57 

SOF/LDVRBV 3.84 0.7 

DCV/SOFRBV 2.42 0.79 

SOF/SMVRBV 1.86 0.52 

SOF+RBV 1.14 0.90 

PR   

*Not statistically significant  
 

 

Table A 17: Log odds ratio and 95% CrIs for the hierarchical model excluding observational studies  

Treatment Regimen Log Odds Ratio Standard Deviation 

DCV/PR 2.5 0.96 

BOC/PR 1.4 0.21 

SMV/PR 1.52 0.19 

TPV/PR 1.41 0.17 

SOF/PR 1.69 0.73 

3DRBV 3.76 0.71 

SOF/LDVRBV 3.56 0.82 

DCV/SOFRBV 2.23 0.86 

SOF/SMVRBV 1.67 0.59 

SOF+RBV 1.3 1.21 

PR   

*Not statistically significant  
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Table A 18: Log odds ratio and 95% CrIs for the pooled model only including observational studies  

Treatment Regimen Log Odds Ratio Standard Deviation 

DCV/PR 2.47 1.01 

BOC/PR 1.35 0.21 

SMV/PR 1.52 0.24 

TPV/PR 1.62 0.2 

SOF/PR 2.24 0.44 

3DRBV 4.4 0.42 

SOF/LDVRBV 3.56 0.45 

DCV/SOFRBV 3.45 0.86 

SOF/SMVRBV 3.02 0.36 

SOF+RBV 1.32 0.54 

PR   

*Not statistically significant  
 

 

Table A 19: Log odds ratio and 95% CrIs for the hierarchical model including observational studies  

Treatment Regimen Log Odds Ratio Standard Deviation 

DCV/PR 2.58 1.07 

BOC/PR 1.39 0.51 

SMV/PR 1.35 0.57 

TPV/PR 1.71 0.43 

SOF/PR 2.11 0.68 

3DRBV 4.27 0.62 

SOF/LDVRBV 3.26 0.69 

DCV/SOFRBV 3.21 1.1 

SOF/SMVRBV 2.79 0.69 

SOF+RBV 1.54 0.94 

PR   

*Not statistically significant  
 

 

Table A 20 Log odds ratio and 95% CrIs for the hierarchical model including down-weighted observational 
studies 

Treatment Regimen Log Odds Ratio Standard Deviation 

DCV/PR 2.54 1.03 

BOC/PR 1.36 0.39 

SMV/PR 1.53 0.44 

TPV/PR 1.65 0.31 

SOF/PR 2.01 0.62 

3DRBV 4.36 0.55 

SOF/LDVRBV 3.14 0.69 

DCV/SOFRBV 3.24 1.02 

SOF/SMV RBV 2.85 0.59 

SOF+RBV 1.48 0.81 

PR   
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