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Abstract 

 

Hepatitis C virus (HCV) infection is a systemic disease associated with both hepatic and extrahepatic manifestations 

(EHM). The burden associated with the hepatic manifestation of HCV infection has been well-documented in Europe; 

however, the burden of HCV-EHM in Europe remains unknown. The objective of this study was to estimate the 

annual direct medical costs associated with HCV-EHMs in five European countries. A previously validated economic 

model was used to estimate the annual direct medical cost associated with HCV-EHMs. Excess prevalence of EHMs 

in HCV patients relative to that in non-HCV patients were obtained from a recent meta-analysis. Per-patient-per-year 

(PPPY) inpatient, outpatient and medication costs to treat each EHM were obtained from the literature, national 

databases, or expert opinion if unavailable otherwise. All costs were adjusted to 2016 euros (€). The overall direct 

medical costs associated with HCV-EHMs were calculated by multiplying the total PPPY costs of each EHM by the 

respective excess prevalence rates, and then by the size of the HCV-infected population in each country. The impact 

of treatment with direct-acting antivirals (DAAs) was explored using HCV-EHM excess prevalence rates among cured 

patients when compared to untreated HCV patients, as sourced from a meta-analysis. The total annual direct medical 

cost associated with HCV-EHMs was estimated to be 2.17 billion euro (€), with a per HCV patient cost ranging from 

be €899 to €1,647 annually. DAA treatment was projected to result in cost savings of €316 million per year. We find 

that the annual economic burden of EHMs is significant, and may be partly mitigated by treatment with DAAs. 
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Introduction 

Hepatitis C virus (HCV) infection is a systemic disease which is associated with both hepatic and extrahepatic 

manifestations (EHM). In Europe, over 19 million persons are infected with HCV (1). The clinical and economic 

consequences of the hepatic manifestations of HCV are well-characterized. These can include progression to 

cirrhosis, decompensation, hepatocellular carcinoma and liver transplant, significantly impacting patient morbidity and 

mortality, and contributing substantially to the economic burden of disease (2). 

 

In addition to the hepatic burden of disease, it has been shown that up to 74% of HCV patients may experience 

EHMs (3). A systematic review identified more than 200 studies documenting the association of various EHMs with 

HCV (4). A recent meta-analysis has further quantified the excess prevalence of specific EHMs, including type 2 

diabetes, B-cell lymphoma, and Sjögren’s syndrome, in HCV patients (5). Prior work has shown that the annual 

economic burden of EHMs of HCV is substantial in the United States and France, at $1.5 billion (bn) and € 256 

million (m), respectively (5, 6). However, the direct medical costs associated with HCV-related EHMs in other 

European countries remains unknown. 

 

The current standard of care for HCV involves treatment with direct-acting antivirals (DAAs) (7). DAAs have shown 

excellent safety and tolerability in HCV patients of all genotypes, with sustained virologic response (SVR) rates in 

excess of 95% in most subpopulations (8, 9) and significant improvements on patient-reported outcomes (10, 11). 

There is a large number of studies that document the significant morbidity and mortality benefit of achieving SVR in 

HCV patients at all stages of fibrosis (4). Thus, early treatment with DAAs can prevent a substantial portion of direct 

medical costs related to downstream hepatic HCV complications (12-18). Treatment of at-risk populations with DAAs 

has also been projected to reduce viral transmission (19, 20). 

 

Achieving SVR can also lessen the clinical burden of EHMs. Retrospective and prospective studies in several 

countries have shown that the achievement of SVR may protect against the development of mixed cryoglobulinemia, 

malignant lymphoma, end-stage renal disease (ESRD) and type 2 diabetes (21-25). Clinical guidelines in Europe 

therefore recommend that HCV patients with clinically significant EHMs be prioritized for DAA treatment (7, 26).  A 

recent study from France has estimated that DAA treatment may reduce the economic burden of EHMs by up to 13% 

(6). However, the impact of DAA treatment on the economic burden of EHMs in other countries remains unknown. 

 

The objective of this study was to estimate the annual direct medical costs associated with HCV-related EHMs in the 

EU5 (France, FRA; Germany, GER; Italy, ITA; United Kingdom, UK; Spain, ESP), and to evaluate the potential 

impact of HCV treatment with DAAs on this burden. 

 

Materials and methods 

A previously validated economic model (5) was adapted to the German, Spanish, Italian, and UK perspectives and 

used to estimate the annual direct medical cost associated with EHMs of HCV. Estimates from the French 

perspective were taken from our previously published analysis (6). 

 

Excess prevalence of 13 EHMs (mixed cryoglobulinemia vasculitis, glomerulonephritis (increased creatinine), end-

stage renal disease (ESRD), porphyria cutanea tarda, lichen planus, type 2 diabetes mellitus (T2DM), depression, 
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rheumatoid-like arthritis, lymphoma, Sjögren syndrome, stroke, heart failure, and myocardial infarction) were obtained 

directly from a recent systematic review and meta‐analysis (5), by subtracting the prevalence of the EHM in the 

general population from its prevalence in the HCV population. 

  

Per patient per year (PPPY) inpatient, outpatient, and pharmacy resource utilization and costs to treat EHMs in the 

EU were obtained from the literature (27-52), national databases and fee schedules (53-59), or expert opinion if 

otherwise unavailable (Table 1). All costs were adjusted to 2016 euros (€), using a pound sterling to euro exchange 

rate of 1.15.   

 

Annual inpatient resource utilization was sourced from the published literature where available (27-52). If unavailable, 

national databases (hospital episode statistics (HES) in England and the “Conjunto Mínimo Básico de Datos" (CMDB) 

in Spain) indexed by ICD-10 codes were used to source the mean length of inpatient hospitalization stay for each 

EHM (53, 54). The cost of an inpatient episode was calculated by multiplying the mean length of stay by the average 

cost of a bed day in that country. For Germany and Italy, where we did not have readily accessible length of stay 

data, the Spanish length of stay data were used and multiplied by the cost of a bed day in each respective country to 

calculate the cost of an inpatient episode (55). The percentage of HCV patients with each EHM experiencing an 

inpatient episode annually was sourced from a meta-analysis(5), and multiplied by the episode cost to calculate the 

PPPY inpatient cost. 

 

Annual outpatient and pharmacy resource utilization for each EHM were sourced via the published literature where 

available (27-52). Where unavailable, healthcare resource utilization data were collected via expert opinion, and 

mapped to the national or regional reference costs in each country, using the following fee schedules: Germany, 

Einheitlicher Bewertungsmassstab (EBM); Italy, Agenzia Italiana del Farmaco (AIFA); Spain, Andalucia, Osikadetzka, 

Pais Vasco, Extremadura, or Illes Balears fee schedules, as sourced from Oblikue eSalud; and UK, National Health 

Service (NHS) (56-59). It was assumed that 100% of HCV patients with each EHM would use outpatient and 

pharmacy resources. 

 

The overall national direct medical annual costs associated with each EHM were calculated by multiplying the total 

PPPY costs of each condition by its respective excessive prevalence rate (Table 1), and then by the size of the HCV-

infected population in each country, which was sourced from the literature (Table A-1). 

 

The impact of DAA treatment and achievement of SVR on the economic burden of EHMs was evaluated by applying 

the results of a meta-analysis assessing the reduction in EHM prevalence in patients achieving SVR to the calculated 

healthcare costs of managing each EHM (6). We assumed that all patients receiving DAA treatment would be cured, 

resulting in a relative reduction in excess prevalence of particular EHMs for  which robust evidence for the impact of 

SVR exists (mixed cryoglobulinemia vasculitis, end-stage renal disease, T2DM, stroke, and myocardial infarction) 

(21-25). 

 

Sensitivity analysis was performed by considering the 95% confidence intervals for the EHM prevalence rates as 

reported in the meta-analysis, which was descriptive in nature in that no formal statistical analyses were performed.  
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Results  

Applying the excess prevalence rates of EHMs from the international meta-analysis to country-specific 2016 

healthcare costs, we estimated the total annual economic burden of EHMs of HCV in the EU5 to be € 2.17 billion 

(bn), as detailed in Table 2. Annual total medical costs were highest in Italy, and lowest in the UK. Sensitivity 

analyses based on the 95% confidence intervals of the excess EHM prevalence rates from the meta-analysis 

projected the direct medical costs associated with HCV-EHMs to range from a low of € 121 m in the UK to a high of € 

1,490 m in ITA, and are detailed in Table 2. The proportional contribution of each EHM to the projected burden of 

disease is detailed in Table A- 2; the EHMs that contributed most significantly to the overall burden included 

Sjögren’s syndrome, T2DM, CV disease, depression, and glomerulonephritis. 

 

The annual burden of EHMs per HCV patient is projected to be € 1,647, € 1,333, € 1,331, € 1,015 and € 899 in Italy, 

Germany, France, Spain and the United Kingdom, respectively (Table A-3). EHMs contributing most to the per-

patient burden are detailed in Table A- 3 and included Sjögren’s syndrome and T2DM.   

 

Based on the assumption that all HCV patients receiving DAA treatment would be cured, the total reduction in costs 

of managing EHMs attributable to patients achieving SVR varied by country, with annual estimates of cost savings 

ranging from €22.9 m in the UK to €145.1 m in Italy (Table 3). This corresponded to relative savings of 11.3% to 

18.7%, depending on the country. 

 

Discussion 

Our study estimates that the annual economic burden of extrahepatic manifestations in the EU5 is substantial, adding 

significantly to the overall burden of HCV infection. Further, we find that treatment with DAAs may lead to a reduction 

in this burden.  

 

Our study’s projections are in line with prior work assessing the economic burden of EHMs in the United States, 

which has been estimated at $1.5 billion annually (5). In our study, the magnitude of the annual economic burden 

varied significantly by country and correlated closely with HCV prevalence, with a high of € 1,093 m in Italy (prevalent 

HCV population, 664,791) and a low of € 170 m in the United Kingdom (prevalent HCV population, 188,821). The 

costs per HCV patient per year also varied significantly from country to country, reflecting regional differences in the 

management of these conditions. For example, rituximab, a relatively expensive monoclonal antibody, was viewed as 

standard of care for the treatment of Sjögren's syndrome by clinical experts in Italy but not in Germany, with a 

corresponding impact on the annual per-HCV patient costs of this EHM (€445 vs. €196, respectively). The EHMs with 

the highest excess prevalence in HCV patients contributed the most to the per HCV patient EHM economic burden. 

Sjögren's syndrome, T2DM, and depression have excess prevalence in HCV patients of 11.2%, 5.7%, and 7.3%, 

respectively, and their cost per HCV patient ranged from € 206 to € 534, € 128 to € 270, and € 32 to € 249, 

respectively, depending on the country.  

 

Our study is one of the first to simulate the impact of DAA treatment on the economic burden of EHMs. The EHMs 

with the greatest contributions to estimated cost savings upon achievement of SVR were T2DM and mixed 
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cryoglobulinemia, given their high rate of excess prevalence in HCV patients and substantial per patient costs.  Our 

projections of SVR leading to decreased direct medical costs for particular EHMs have been validated to a certain 

extent with real-world data. A study at a tertiary centre in France has shown that when HCV patients with mixed 

cryoglobulinemia are treated with DAAs, direct medical costs due to hospitalization and non-HCV pharmacy 

prescriptions decrease, reflecting the lesser need for medical management of this EHM after a patient is cured of 

HCV (60). 

 

These results add to the growing body of literature emphasizing the importance of the timely treatment of HCV 

patients with DAAs. There is already clinical consensus that HCV patients with EHMs should be immediately treated 

(7), and we now provide an additional, economic rationale for doing so. Policy-makers are recognizing this 

imperative, and, as recent developments from France and Australia demonstrate (61, 62), increasingly 

recommending that all HCV patients be immediately treated, in the hopes of preventing both hepatic and extra-

hepatic manifestations altogether. 

 

Given the increased acquisition cost of DAAs relative to older, less effective regimens for HCV, many health systems 

have in the past questioned whether DAAs provided adequate value for money. Cost-effectiveness analyses (CEA) 

seek to place the costs associated with a product in context with its long-term value to the health system. While 

several models assessing the cost-effectiveness of DAAs in HCV in European countries have been published (12-

15), these have focused exclusively on the costs associated with hepatic manifestations of the disease. To our 

knowledge, no CEA has incorporated the cost savings attributable to the decreased clinical burden of EHMs after 

DAA treatment. Given the results of our study, the true economic value of DAA regimens in the treatment of HCV 

have therefore, to date, likely been underestimated.  

 

Our study is not without limitations. Excess prevalence rates were sourced from a meta-analysis that included both 

primary care and specialist clinic data. As a result, these rates may be an overestimation of the excess prevalence in 

the general HCV population; to address this limitation, our sensitivity analyses explored the potential impact of lower 

EHM excess prevalence rates on the economic burden of disease, which remained substantial. The EHM prevalence 

rates used in our model were international, not country-specific, and sourced from a meta-analyses that aggregated 

prevalence rates across different years; further research should seek to understand country-specific EHM 

prevalence. The costs of managing each EHM were not directly available in all countries, and the approximations of 

resource utilization (for example, using hospitalization length of stay data from Spain to approximate these data for 

Italian patients) based on expert opinion that we used in our analysis may be subject to bias. There is a lack of clear 

evidence on whether DAA treatment reduces the excess prevalence and / or severity of all EHMs; in our analysis, we 

conservatively included only the EHMs with the most robust evidence available for this exploratory analysis, which 

may have underestimated the true impact of DAA treatment. There is some evidence that the impact of SVR on 

EHMs can vary by genotype (25), a level of granularity that was not accounted for in our analysis. Finally, our 

analysis did not stratify EHM costs based on treatment experience, cirrhosis status, or EHM severity, or account for 

HCV patients that have already been cured by DAAs; further research is warranted to understand the impact of each 

of these parameters on the overall burden of disease.  
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In summary, we show that the economic burden associated with the extrahepatic manifestations of HCV in Europe is 

substantial, and that treatment with DAAs can reduce a considerable portion of these direct medical costs.  
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Appendices 
Supplemental Material 

Table A-1: Population inputs 

 Country population (2016) HCV viraemic prevalence HCV population (2016) 

GER 80,682,000 0.25% 201,705 

FRA 63,030,000 0.29% 186,144 

ESP 46,064,000 0.84% 386,937 

ITA 59,801,000 1.11% 664,791 

UK 65,111,000 0.29% 188,821 

UK, United Kingdom; FRA, France; GER, Germany; ESP, Spain; ITA, Italy; HCV, hepatitis C virus 

Table A- 2: Estimation of contribution of individual EHMs to the overall annual costs of extrahepatic manifestation of HCV 
infection, using rates from international systematic literature review and meta-analysis applied to country-specific healthcare 
costs 

 GER ESP ITA UK (in EUR) FRA 

Arthritis  € 6,226,633   € 21,985,094   € 36,648,543   € 6,154,672   € 455,158  

CV disease*  € 25,517,542   € 36,042,779   € 161,624,569   € 21,726,086   € 17,808,976  

Depression  € 46,691,647   € 12,390,573   € 106,213,561   € 16,398,748   € 46,177,221  

ESRD  € 4,706,425   € 5,250,603   € 16,220,702   € 2,168,609   € 2,692,756  

Glomerulonephritis  € 25,527,760   € 73,795,437   € 154,788,429   € 9,441,795   € 14,532,180  

Lichen planus  € 1,646,968   € 5,718,499   € 5,084,626   € 841,780   € 1,067,839  

lymphoma  € 6,282,252   € 2,373,786   € 44,584,009   € 1,510,632   € 2,356,183  

Mixed 
cryoglobulinemia  € 38,435,499   € 66,666,226   € 117,531,681   € 16,480,410   € 18,351,667  

Porphyria cutanea 
tarda  € 580,497   € 1,516,155   € 1,389,671   € 597,154   € 263,981  

Sjögren’s syndrome  € 39,618,520   € 79,682,105   € 295,462,784   € 65,058,976   € 99,394,789  

Stroke  € 19,254,613   € 16,517,370   € 40,664,834   € 4,997,367   € 5,122,636  

T2DM  € 54,414,577   € 70,655,207   € 113,275,490   € 24,328,459   € 39,617,651  

UK, United Kingdom; FRA, France; GER, Germany; ESP, Spain; ITA, Italy; ESRD, end-stage renal disease; T2DM, 

type 2 diabetes mellitus; CV, cardiovascular disease 

*Assumes 50% of patients present with heart failure and 50% of patients with myocardial infarction 

 

Table A- 3: Estimation of contribution of individual EHMs to the annual per-HCV patient costs of extrahepatic manifestation of 
HCV infection, using rates from international systematic literature review and meta-analysis applied to country-specific 
healthcare costs 

 GER ESP ITA UK FRA 

Porphyria cutanea tarda  € 2.88   € 3.92   € 2.09   € 3.16   € 1.42  

Lichen planus  € 8.17   € 14.78   € 7.66   € 4.46   € 5.74  

ESRD  € 23.33   € 13.57   € 24.44   € 11.48   € 14.47  

Arthritis  € 30.87   € 56.82   € 55.21   € 32.60   € 2.45  

lymphoma  € 31.15   € 6.13   € 67.17   € 8.00   € 12.66  

Stroke  € 95.46   € 42.69   € 61.26   € 26.47   € 27.52  

Mixed cryoglobulinemia  € 190.55   € 172.29   € 177.06   € 87.28   € 98.59  

T2DM  € 269.77   € 182.60   € 170.65   € 128.84   € 212.83  

CV disease*  € 126.51   € 93.15   € 243.49   € 115.06   € 95.67  
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Glomerulonephirtis  € 126.56   € 233.19   € 164.00   € 50.00   € 78.07  

Depression  € 231.48   € 32.02   € 160.01   € 86.85   € 248.07  

Sjögren’s syndrome  € 196.42   € 205.93   € 445.11   € 344.55   € 533.97  

Total per patient  € 1333.15   € 1014.62   € 1647.34   € 775.02   € 1331.39  

UK, United Kingdom; FRA, France; GER, Germany; ESP, Spain; ITA, Italy; ESRD, end-stage renal disease; T2DM, 

type 2 diabetes mellitus; CV, cardiovascular disease 

*Assumes 50% of patients present with heart failure and 50% of patients with myocardial infarction 

 

Tables 

Table 1: Prevalence rates and yearly costs associated with extrahepatic manifestations of HCV infection, by country 

 
Excess 

Prevalence in 

HCV 

GER FRA ESP ITA UK* 

Arthritis 0.90% € 3,430 € 272 € 6,313 € 6,135 £3,123 

Depression 7.30% €  3,171 € 3,398 € 439  € 2,192 £1,026 

ESRD 0.04% €  58,333 € 36,165 € 33,924  € 61,091 £24,759 

Glomerulonephritis 1.8% € 4,219 € 2,602 € 6,357  € 7,773 £1,691 

Heart failure 1.80% € 3,434 € 3,770 € 5,166  € 11,494 £472 

Lichen planus 0.80% € 1,021 € 717 € 1,847  € 957 £481 

Lymphoma 0.14% €  22,247 € 9,041 € 4,382  € 47,976 £4,914 

MI 1.80% €  10,623 € 6,860 € 5,184  € 15,560 £6,851 

Mixed cryoglobulinemia 4.90% € 3,889 € 2,012 € 3,516  € 3,613 £1,536 

Porphyria cutanea tarda 0.50% €  576 € 284 € 784  € 419 £545 

Sjögren’s syndrome 11.20% € 1,754 € 4,768 € 1,839  € 3,974 £2,653 

Stroke 0.50% €  19,092 € 5,504 € 8,537  € 12,252 £4,564 

T2DM 5.70% € 4,733 € 3,734 € 3,204  € 2,994 £1,949 

UK, United Kingdom; FRA, France; GER, Germany; ESP, Spain; ITA, Italy; ESRD, end-stage renal disease; T2DM, 

type 2 diabetes mellitus; MI, myocardial infarction 

*UK inputs were converted to Euros at an exchange rate of 1.15 prior to use in the economic model 

 

Table 2: Estimation of total annual costs associated with extrahepatic manifestation of HCV infection, using rates from 
international systematic literature review and meta-analysis applied to country-specific healthcare costs 

 Annual economic burden Low estimate High estimate 

UK  € 169,704,687   € 121,188,466  € 229,382,234  

FRA  € 247,841,039   € 172,781,187   € 339,479,444  

GER  € 268,902,933   € 182,037,995   € 379,108,073  

ESP  € 392,593,834   € 292,719,613   € 524,589,582  

ITA  € 1,093,488,898   € 769,191,406   € 1,489,945,967  

TOTAL  € 2,103,169,366   € 1,485,053,426   € 2,874,106,819  

UK, United Kingdom; FRA, France; GER, Germany; ESP, Spain; ITA, Italy; 

 

Table 3: Estimation of total reduction in annual costs associated with extrahepatic manifestation of HCV infection, assuming all 
treated patients are cured 

 FRA ESP ITA GER UK  

T2DM  € 14,005,942   € 24,128,753   € 38,683,580   € 18,582,578   € 8,308,169  
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Mixed 
cryoglobulinemia  € 8,683,977   € 30,473,132   € 53,723,731   € 17,568,866   € 7,533,195  

MI  € 2,643,785   € 5,810,333   € 27,522,350   € 4,908,364   € 3,822,495  

ESRD  € 2,427,717   € 4,572,750   € 14,126,609   € 4,098,825   € 1,888,642  

Stroke  € 1,444,554   € 4,499,332   € 11,077,101   € 5,244,957   € 1,361,283  

TOTAL  € 29,205,975   € 69,484,300   € 145,133,371   € 50,403,591   € 22,913,784  

UK, United Kingdom; FRA, France; GER, Germany; ESP, Spain; ITA, Italy; ESRD, end-stage renal disease; T2DM, 

type 2 diabetes mellitus; MI, myocardial infarction 
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