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General introduction

1
INTRODUCTION

The hepatitis C virus (HCV) is a hepatotropic single-strand RNA virus, which has 
7 main genotypes (1 to 7) and is further classified into subtypes (a, b, c, etc.) 1. The 
predominant mode of transmission is parenteral, followed at a distance by sexual 
transmission in HIV-positive and HIV-negative men who have sex with men (MSM) 
2,3. Heterosexual transmission is rare and estimated to take place in 1 out of 190,000 
contacts in monogamous relations 4. Inherent to the mode of transmission, specific 
high-risk groups for HCV can be identified: people who use intranasal or inject drugs; 
recipients of infected blood products ≤1992 (in the Netherlands), when screening of 
blood products for HCV was initiated in most countries; those undergoing or performing 
invasive procedures (e.g. dialysis, dental procedures, tattooing) with insufficient infection 
prevention practices; HIV-positive MSM practicing “rough sex”; HIV-negative MSM 
who use pre-exposure prophylaxis (PrEP) and children born to HCV-infected mothers 
5. On average, progression from acute to chronic HCV occurs in about 75% of incident 
infections but this may be influenced by several factors as female sex and symptomatic 
infections are associated with higher viral clearance 6,7 but HIV-coinfected individuals 
may become chronically infected in up to 85% 8. At the time that HCV was first identified 
as the causal agent of the transfusion-related “non-A, non- B” hepatitis” 9,10, widespread 
global transmission had already taken place 11,12. Over the following years, the long-term 
adverse consequences of chronic HCV infection such as cirrhosis (16% over a period of 20 
years) and hepatocellular carcinoma (1-3% per year after 30 years) became evident 13,14. In 
2017, the Global Burden of Diseases study reported 580,000 annual HCV related deaths 
worldwide and mortality rates exhibit an upward trend 15. Therapeutic options for HCV 
have improved spectacularly over the last two decades from burdensome and inefficient 
regimens with the immune modulator interferon to the current treatment paradigm that 
constitutes highly effective, all-oral and pangenotypic direct-acting antivirals (DAAs). 
The introduction of the novel DAA’s with near perfect cure rates have greatly added 
to the scientific feasibility of elimination of this infectious disease, especially in low-
endemic countries like the Netherlands. Treatment uptake of HCV patients in care has 
improved substantially in the DAA-era but questions still remain about the optimal 
intervention and implementation strategies to secure access to this potentially life-
saving treatment that could greatly benefit the undiagnosed and lost to follow-up HCV-
infected individuals, which comprises the topic of this thesis. 

Global and Dutch hepatitis C epidemiology 
In 2015, there were an estimated 71.1 million (95% CI 62.5 - 79.4) viremic HCV infections 
worldwide, amounting to almost double the number of global HIV infections (36.9 million, 
95% CI 34.8 - 39.2) 16,17. Some nations are disproportionally affected by HCV which is reflected 
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in the fact that six countries (China, Egypt, India, Pakistan, Russia and the USA) altogether 
carry 50% of the global disease burden 16. Western Europe is considered a low endemic 
territory with a viremic HCV prevalence of 0.5% (95% CI 0.4 - 0.8) although the total number 
of infected individuals is still substantial as a consequence of the high population density. 
Successful harm reduction strategies 18,19 constituted one of the key factors that led to the 
Netherlands standing out in a positive manner with the lowest regional HCV prevalence 
of 0.1% (95% CI 0.4 - 0.8) 16, corresponding to a Dutch HCV burden of disease of 23,000 (low 
8,000 – high 38,000 estimate) ever-chronic infected individuals 17. Mimicking the global 
situation, Dutch people who inject drugs (PWID) are afflicted most as a group with an 
estimated 59% HCV RNA prevalence in this population (15% of national HCV infections). 
First generation migrants however account for the majority (60%) of the chronic HCV 
cases 17. Over the last decade, 30-95 acute annual HCV infections were notified in the 
Netherlands and these occurred almost exclusively in MSM 20,21. Re-infections accounted 
for a substantial proportion of the overall incidence as 23 – 38% of the acute HCV diagnoses 
were classified as re-infections in the HIV-positive population between 2011 and 2017 21.

Hepatitis C treatment evolution
Studies with recombinant interferon alfa as a treatment for “non-A, non- B” hepatitis” 
were already underway in the 1980s, even before HCV was discovered, 22 and mostly 
generated a transient decrease in serum aminotransferase levels that persisted in about 
10% after treatment discontinuation 23. The succeeding pegylated interferon (PEG-IFN) 
had an improved biological availability and clinical utility and the two compounds 
(peginterferon alfa-2A and 2B) that were approved by the European Medicines Agency 
(EMA) in the early 2000s yielded sustained virological response (SVR), defined as 
undetectable HCV RNA 12 weeks after treatment completion, rates of about 35% at 
best 24,25. The combination of ribavirin and PEG-IFN boosted the SVR up to 76-80% in 
genotypes 2 or 3 but these results could not be reproduced in genotype 1 patients (42-
46% SVR) 26,27 and were even more unfavorable in genotype 1 HIV-coinfected individuals 
(14-29% SVR) 28,29. Moreover, the addition of ribavirin led to a more burdensome side-
effect profile including anemia, neutropenia, viral and bacterial infections, anorexia 
and depression, as these adverse events were very common in clinical trials.  In 2003, 
Lamarre et al. established a proof of concept with the first experimental HCV NS3 
protease inhibitor that drastically reduced HCV RNA plasma levels 30. The first-
generation protease inhibitors boceprevir and telaprevir, also known as direct-acting 
antivirals, were not introduced into clinical practice until 2011 and co-administration 
with PEG-IFN and ribavirin brought about SVR rates up to 75% in the difficult to 
treat treatment-naïve genotype 1 patients 31,32 but efficacy was lower in those with a 
prior poor or non-response (SVR 33-53%) 33,34. Over the following years, next-generation 
DAAs with an increasing curative potential were developed targeting different non-
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1
structural proteins involved in HCV assembly and replication (NS3/4A, NS5A and 
NS5B). As a result, high SVR rates exceeding 95% can currently be achieved for many 
types of patients with pangenotypic DAA regimens (Figure 1).

Figure 1. Evolution of hepatitis C treatment

Abbreviations: PEG-IFN, pegylated interferon.

Hepatitis C treatment aims
Achieving a SVR constitutes the main aim of HCV treatment. A SVR indicates a cured HCV 
and also comprised a surrogate marker for improved long-term clinical outcomes in the 
PEG-IFN time-period 35. Although long-term follow-up studies after DAA therapy are not 
yet available, a significant reduction in the short-term mortality after a DAA-induced cure 
in individuals both with and without advanced liver disease has already been reported 36,37. 
In addition to improving overall survival, another goal of HCV therapy is to reduce HCV-
related morbidity. The HCV-associated morbidity can be captured by different patient-
reported outcomes (PROs) that quantify the patients’ well-being such as the health-related 
quality of life (HRQL). Chronic HCV negatively affects HRQL which is often attributed to 
extrahepatic manifestations of HCV including depression, musculoskeletal and abdominal 
pain and fatigue 38,39. Moreover, HCV also causes impairment in the activity-level and work 
productivity (both absenteeism and presenteeism) 40. Patients who accomplished an IFN 
induced viral eradication experienced improved HRQL compared to non-responders 
following treatment 41,42. Successful treatment with DAAs can also improve PROs and 
may among others induce HRQL improvements that last beyond SVR achievement and 
diminish work productivity impairment and symptoms of fatigue 43,44. These positive 
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results however are predominantly derived from a controlled setting and a selected patient 
group as individuals with psychiatric comorbidities or a substance use disorder (SUD), even 
though these conditions are highly prevalent in chronic HCV patients, are often excluded 
from clinical trials 45.

Hepatitis C cascade of care in the Netherlands 
As the DAAs have now reached their full potential with impeccable SVR rates, the 
upcoming aim will be to ensure access to care and DAA treatment for all (un)diagnosed 
patients. To describe the level of engagement in care of the HCV-infected population, the 
‘cascade of care’ concept has often been adopted over the last decade 46. With this relatively 
new approach, each step in the spectrum of care engagement is quantified in order to 
identify weaknesses and gaps to be closed (Figure 2). Visualization of the HCV cascade of 
care can facilitate the implementation of targeted interventions that improve retention. 
In countries like the Netherlands, with unrestricted DAA availability and good healthcare 
access, HCV treatment uptake in patients who were retained in care is excellent but many 
other challenges remain 47. This thesis focuses on strategies to enhance the (renewed) 
linkage to care. 

Hepatitis C linkage to care
Linkage to care is typically defined as successful patient entry into specialist care after the 
referral that followed the initial diagnosis 48. Achieving linkage to care can be particularly 
challenging in certain HCV risk-groups such as people who inject drugs (PWID) and 
migrants since health care access barriers are highly prevalent in these populations 49,50. 
In Dutch addiction care specifically, HCV testing is not always routinely facilitated and 
the uptake of HCV testing in addiction clinics remains insufficient (53-66%) 51. Many 
organizational barriers for structural testing and linkage to care in PWID were identified 
during a Dutch nationwide HCV awareness and case finding campaign in the addiction 
care setting which finally achieved a linkage to care proportion of 77% 52. Further initiatives 
to secure regulated testing practices and subsequent linkage to care in PWID are still 
necessary in the Netherlands.

Hepatitis C loss to follow-up and retrieval
When linkage to care has been realized, the next virtual step in the HCV cascade of care 
constitutes retention in specialist care until treatment is started. In the PEG-IFN era 
however, many patients refrained from HCV therapy initiation due to contra-indications 
of the regimen, such as decompensated cirrhosis or severe psychiatric comorbidity, but 
also because of patients’ reluctance to be subjected to the burdensome side-effects. A 
substantial number of patients stopped attending the outpatient clinic as is reflected in 
the study of Beekmans et al. that described a 30% loss to follow-up in all diagnosed HCV 
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1
patients between 2000-2015 53. Since this previously diagnosed but lost to follow-up (LFU) 
group could readily benefit from the DAAs, several small projects aimed to trace these 
patients and bring them back into care, i.e. retrieval 53–55. So far, the yield of these efforts has 
been only been moderate as 0-20% of the LFU HCV patients was finally traced. In addition, 
although healthcare access barriers in HCV patients have extensively been described by 
quantitative studies 56–61, the patient’s perspective on the reason for loss to follow-up has 
been undervalued so far.

Figure 2. Hepatitis C continuum of care in Dutch HIV/ HCV co-infected 

Abbreviations: SVR, sustained virological response. Monitoring Report 2018. Human 
Immunodeficiency Virus (HIV) Infection in the Netherlands 21. Reprinted with permission from 
the Dutch HIV monitoring foundation (SHM).

Hepatitis C virus elimination 
Elimination of an infectious disease, according to Dowdle, is defined as ‘a reduction to zero 
of the incidence of an infection caused by a specific agent in a defined geographical area as 
a result of deliberate efforts’ after which ‘continued measures to prevent reestablishment 
of transmission are required’ 62. This is distinct from eradication, which implicates that the 
reduction to zero of the global incidence is permanent, which thus far has only been realized 
for smallpox. The DAAs have transformed HCV into a viral disease that can be considered 
a candidate for (global) elimination. To this end, the World Health Organization (WHO) 
set out service coverage targets for 2030 that would lead to a 90% reduction in incident 
infections and a 65% decline in HCV related mortality and would therefore translate as the 
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elimination of HCV as a public health threat 63. As stated by the International Task Force 
for Disease Eradication (ITFDE), eradicating or eliminating an infectious disease involves 
two key factors: scientific feasibility but also political support 64. In the 2017 European 
Hep-CORE survey, 48% of the 25 participating countries indicated to have national HCV 
strategies but, as is the case in the Netherlands, these often lack government financial 
support 65,66. Several countries, among others Australia, Egypt, Georgia and Iceland, have 
implemented dedicated (occasionally industry sponsored) national elimination plans that 
achieved encouraging results 67–70. For instance, 26% of the individuals living with chronic 
HCV in Australia had initiated treatment in 2018 and the TraP Hep C working group in 
Iceland reported they had already completed the WHO 2030 diagnosis and treatment 
targets in 2019 68,71. The Dutch progress towards elimination and also the prior employed 
efforts have not been thoroughly documented yet.
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1
OUTLINE OF THIS THESIS

In contrast to many European nations, where HCV disease-based DAA reimbursement 
restrictions were still in place in 16/35 countries in 2017 72, the Dutch government has 
facilitated access to all DAA-regimens irrespective of fibrosis stage, treatment history or 
any other criteria since November 2015. In the near future, the potent DAAs might facilitate 
HCV elimination efforts in low-endemic countries like the Netherlands that remove any 
treatment restrictions and also dedicate themselves towards diagnosing and treating all 
HCV patients. The studies in this thesis describe the level of engagement in HCV care in 
different steps of the HCV cascade of care in the Netherlands and investigate interventions 
to optimize these. It specifically focused on the retrieval of HCV patients who have been 
lost to follow-up in the past.

In chapter 2, the performance of the DAAs in clinical trials and daily practice is reviewed. 
Next, the prospective cohort in chapter 3 verifies whether the favorable PROs before, 
during and after DAA treatment in clinical trials can be extrapolated to real-life patients. 

The studies in chapter 4 and chapter 5, investigate the feasibility of regional retrieval 
of chronic HCV and hepatitis B (HBV) patients. The reasons for loss to follow-up in HCV 
patients were explored thereafter and described in chapter 6.

In chapter 7, a contemporary overview of the Dutch HCV epidemiology is given and 
the progress towards HCV micro-elimination in the Netherlands is summarized. The 
Breakthrough project in chapter 8 aspired to optimize linkage to care linkage of HCV-
infected clients and to achieve HCV micro-elimination in addiction care by using 
implementation science to introduce healthcare pathways. 

The general discussion of this thesis is described in chapter 9.
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ABSTRACT

In recent years a revolution in hepatitis C virus drug development has taken place from 
troublesome regimens with pegylated interferon-alfa for 24 to 48 weeks with limited 
success to all-oral single tablet regimens taken for 12 weeks with very high chances of 
success. These promising results are not available to everybody. Depending on, for example, 
geographical factors with limited availability of new compounds, virus factors like hepatitis 
C virus genotype and host factors like presence of cirrhosis, these favorable outcomes can 
be compromised. This review discusses the recent clinical trials (from phase 3 registration 
through real-world application), highlighting the different available regimens and their 
success rates.



25

DAA performance

2

INTRODUCTION

At the dawn of this millennium the combination of pegylated interferon-alpha (PEG-IFN) 
and ribavirin was the accepted treatment of hepatitis C virus (HCV) infections yielding 
sustained virological response (SVR) rates of at best 80% in genotypes 2 or 3, however less 
successful (40-50%) in genotype 1 1–3. In 2003, the study by Lamarre et al. paved the way 
for successful HCV treatment by establishing proof of concept with an investigational 
compound directly targeting viral replication, considerably reducing HCV RNA plasma 
levels 4. These findings eventually lead up to the revolution in HCV treatment: the 
introduction of direct-acting antivirals (DAAs) in 2011. As a result, high SVR rates exceeding 
95% can generally be achieved with an all oral DAA regimen for many types of patients 5–7. 
For example, based on a number of different studies with different compounds the new 
paradigm in HCV treatment is that antiviral therapy is equally effective in HCV mono-
infected and HCV/HIV co-infected patients 8. However, success rates are still compromised 
in patients with (decompensated) cirrhosis, previous DAA-treatment failure and HCV 
genotype (GT) 3. In the near future, next generation DAAs with high efficacy against all 
genotypes could be up for this challenge as the field of anti-HCV therapeutics continues 
to evolve rapidly. This review aims to give a comprehensive overview of performed clinical 
trials and elaborates on anticipated developments in the near future in the treatment of 
HCV infection.



26

Chapter 2

METHODS

A literature search was conducted in PubMed and Embase (December 2015). Search terms 
consisted of all currently available DAAs including the ones for which FDA approval is 
expected promptly with further addition of synonyms for ‘real world’ and ‘clinical trial’. 
Through a snowballing strategy further publications were identified from the references 
of retrieved articles. Only phase 3 studies of HCV or HCV/HIV co-infected patients were 
included together with the largest real-world studies.

Different possible combinations
Sofosbuvir (SOF, the first-in-class NS5B nucleotide analogue with high viral potency, 
pangenotypic activity and high barrier to resistance) has become the backbone for several 
DAA regimens (combination with a NS3 or NS5A-inhibitor) since its introduction. Together 
with the non-sofosbuvir based antiviral therapeutics there are currently seven different 
DAA-only strategies available for treatment of HCV-infected patients (Figure 1).

Sofosbuvir-based regimens
In clinical practice SOF is combined with either a NS3/4a inhibitor like simeprevir (SIM) 
as firstly explored in the phase-2 COSMOS-study 9 or with a NS5A inhibitor like daclatasvir 
(DAC), a first in-class potent NS5A inhibitor or ledipasvir (LDV), another first generation NS5A 
inhibitor. Characteristics of phase-3 studies together with outcomes are depicted in Table 1.

The randomized OPTIMIST-1 study 10 presented results on either 8 or 12 weeks SIM/SOF in 
310 treatment naïve and experienced HCV GT1 non-cirrhotic patients. The SVR12 was 97%, 
which dropped substantially to 83% with a treatment course of 8 weeks. The presence of 
a baseline Q80K polymorphism had no impact on SVR12. Subsequently, the OPTIMIST-2, 
an open-label single arm study, looked at response rates after 12 weeks of SIM/SOF in 103 
patients with cirrhosis (METAVIR score 4), the overall SVR12 was 83%, which was higher 
in treatment naïve compared to experienced patients with cirrhosis (88% versus 79%). In 
addition, subgroup analysis revealed higher responses in GT1a patients without baseline 
Q80K polymorphism compared to those who did harbor this particular RAV (92% vs. 74%) 11. 

Next, the first possible combination of SOF with a NS5A inhibitor in clinical practice 
in Europe was SOF with DAC due to the allowance by EMA as early access compound. 
Meanwhile, the ALLY-1/2/3 studies 12–14 were under way. The ALLY-2 study, a randomized 
2-arm study comparing 8 and 12 weeks of SOF/DAC in 151 treatment naive and 52 treatment 
experienced (no NS5A inhibitor) HCV/HIV GT1-4 co-infected patients, achieved a SVR12 
rate after 12 weeks of therapy of 97% in the treatment naive and 98% in the previous 
experienced group 13.
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Figure 1. All oral DAA regimens for HCV treatment with all different classes
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Abbreviations: HCV, hepatitis C virus; DAA, direct-acting Antivirals; OBV, ombitasvir; DSV, 
dasabuvir; SIM, simeprevir; SOF, sofosbuvir; LDV, ledipasvir; DCV, daclatasvir, GZR, grazoprevir; 
EBR, elbasvir; VEL, velpatasvir.

The two-arm ALLY-3 cohort study (101 treatment naive and 51 PEG-IFN/ribavirin experienced) 
achieved impressive results with a SVR12 of 90% in difficult-to-treat GT3 patients and a 
slightly lower SVR12 of 86% in those who previously failing a DAA (not NS5A) or PEG-IFN-
regimen 14. However, success rates were still compromised in GT3 patients with cirrhosis in 
comparison to those without (SVR12 63% vs. 96%). DAC has shown activity against HCV GT1 
through 6 in vitro 15 and SOF/DAC is recommended by EASL for all HCV genotypes 16.

The fixed-dose single tablet combination of SOF with LDV, was investigated in the pivotal 
ION-studies 5,17,18. In the ION-1 and -3 study 865 and 647 treatment naive patients were 
treated while the ION-2 study investigated 440 patients previously exposed to PEG-IFN 
and ribavirin with or without a protease inhibitor. In addition, the ION-3 study examined 
the possibility of shortening treatment duration to 8 instead of the common 12 weeks. 
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Table 1. Phase-3 studies of HCV-treatment with sofosbuvir-based regimens

Study name and 
author

Study
design

Size 
(n)

Patients HCV GT (%) Treatment regimen SVR12 (%)

Kwo et al. 201610

OPTIMIST-1 study
RCT 310 Treatment naive or failed P/R

No LC
1a 
1b 

75
25

1) SOF+SIM 8w
2) SOF+SIM 12w

83
97

Wyles et al. 201513

ALLY-2 study
RCT 151

52
C1: HCV treatment naive 
C2: HCV treatment experienced (no NS5A) 
All HCV/HIV-1 co-infection (LC: 15%)
No ART or stable ART + HIV-RNA <50 copies/ml

1a 
1b
2 
3
4

68
14
9
6
1

1) SOF+DCV 8w
2) SOF+DCV 12w

C1 76
97

C2 -
98

Afdhal et al. 20145

ION-1 study
RCT 865 Treatment naive 

LC: 16%
1a 
1b

67
33

1) SOF+LDV 12w
2) SOF+LDV+RBV 12w
3) SOF+LDV 24w
4) SOF+LDV+RBV 24w

99
97
98
99

Afdhal et al. 201417

ION-2 study
RCT 440 Non-responder P/R +/- PI

LC: 20%
1a 
1b

79
21

1) SOF+LDV 12w
2) SOF+LDV+RBV 12w
3) SOF+LDV 24w
4) SOF+LDV+RBV 24w

94
96
99
99

Kowdley et al. 201418

ION-3 study
RCT 647 Treatment naïve

No LC
1a 
1b 
1?

80
20
<1

1) SOF+LDV 8w
2) SOF+LDV+RBV 8w
3) SOF+LDV 12w

94
93
95

Mizokami et al. 201555 RCT 341 Treatment naive or failed IFN
Patients all Japanese. LC: 22%

1a 
1b

3
97

1) SOF+LDV 12w
2) SOF+LDV+RBV 12w

100
98

Feld et al. 20156

ASTRAL-1 study
RCT + P* 
(GT5 all 
treated)

624 Treatment naive or failed P/R
No previous NS5A or NS5B 
LC: 19%

1a
1b
2
4 
5 
6

34
19
17
19
6
7

1) SOF+VEL 12w 99

Foster et al. 20157

ASTRAL-2 study
RCT 266 Treatment naive or failed P/R

No previous NS5A/NS5B. LC: 14%
2 100 1) SOF+VEL 12w

2) SOF+RBV 12w
99
94

Foster et al. 20157

ASTRAL-3 study
RCT 552 Treatment naive or failed P/R

No previous NS5A/NS5B. LC: 30%
3 100 1) SOF+VEL 12w

2) SOF+RBV 24w
95
80

Curry et al. 201520

ASTRAL-4 study
RCT 267 Decompensated LC Child–Pugh B

No previous NS5A/NS5B 
1a
1b
2
3 
4 
6

60
18
4
15
3
<1

1) SOF+VEL 12w
2) SOF+VEL+RBV 12w
3) SOF+VEL 24w

83
94
86

Lawitz et al. 201511

OPTIMIST-2 study
cohort 103 Treatment naive or failed P/R

No previous DAA. LC: 100%
1a 
1b 

70
30

1) SOF+SIM 12w 83
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Table 1. Phase-3 studies of HCV-treatment with sofosbuvir-based regimens

Study name and 
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Study
design

Size 
(n)
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Table 1. Continued

Study name and 
author

Study
design

Size 
(n)

Patients HCV GT (%) Treatment regimen SVR12 (%)

Poordad et al. 201612

ALLY-1 study
cohort 60

53
C1: Compensated/decompensated cirrhosis
C2: Post-transplant recurrence. LC: 30%
Treatment naive or experienced

1a 
1b
2 
3
4
6

58
19
4
15
4
1

1) SOF+DCV+RBV 12w C1 83 C2 94

Nelson et al. 201514

ALLY-3 study
cohort 101

51
C1: treatment naive. LC: 22%
C2: treatment experienced (no NS5A). LC: 16%

3 100 1) SOF+DCV 12w C1 90 C2 86

Naggie et al. 201519

ION-4 study
cohort 335 HCV treatment naive and experienced (no NS5A)

All HCV/HIV-1 co-infection
Stable ART +HIV RNA <50 copies/ml

1a 
1b 
4

75
23
2

1) SOF+LDV 12w 96

Abbreviations: HCV, hepatitis C virus; DAA, direct-acting Antivirals; ART, antiretroviral therapy; 
P/R, pegylated interferon+ribavirin; PI, protease inhibitor; C1/C2, cohort 1/2; GT, genotype; RCT, 
randomized controlled trial; F, fibrosis scoring with METAVIR; LC, liver cirrhosis; SIM, simeprevir; 

SOF, sofosbuvir; DCV, daclatasvir; LDV, ledipasvir; VEL, velpatasvir; RBV, ribavirin; SVR12, sustained 
virological response 12 weeks after end of treatment; P, placebo; *, placebo group not shown. NB: 
due to rounding percentages may not total 100.

Table 2. Phase-3 studies of HCV-treatment with non-sofosbuvir-based regimens

Study name and 
author

Study
design

Size 
(n)

Patients HCV GT (%) Treatment regimen SVR12 (%)

Hézode et al. 201521

PEARL-I study
RCT 86

49
C1: treatment naive. No LC
C2: failed P/R. No LC

4 100 1) OBV+PTV/r 12w
2) OBV+PTV/r +RBV 12w

C1 91
100

C2 -
100

Andreone et al. 201422

PEARL-II study
RCT 179 Failed P/R

No LC
1b 100 1) OBV+PTV/r+DSV 12w

2) OBV+PTV/r+DSV+RBV 12w
100
97

Ferenci et al. 201423

PEARL-III study
RCT 419 Treatment naive

No LC
1b 100 1) OBV+PTV/r+DSV+P 12w

2) OBV+PTV/r+DSV+RBV 12w
99
100

Ferenci et al. 201423

PEARL-IV study
RCT 305 Treatment naive

No LC
1a 100 1) OBV+PTV/r+DSV+P 12w

2) OBV+PTV/r+DSV+RBV 12w
90
97

Feld et al. 201424

SAPPHIRE-I study
RCT + P* 473 Treatment naive

No LC
1a
1b

68
32

1) OBV+PTV/r+DSV+RBV 12w 96

Zeuzem et al. 201425

SAPPHIRE-II study
RCT + P* 297 Failed P/R

No LC
1a
1b
?

58
41
<1

1) OBV+PTV/r+DSV+RBV 12w 96

Poordad et al. 201426

TURQUOISE-II study
RCT 380 Treatment naive or experienced

No previous DAA. LC: 100%
1a
1b

69
31

1) OBV+PTV/r+DSV+RBV 12w
2) OBV+PTV/r+DSV+RBV 24w

92
96

Zeuzem et al. 201530

C-EDGE study
RCT + P* 316 Treatment naive

LC: 22%
1a
1b
4
6

50
42
6
3

1) GZV+EBV 12w
2) matched placebo 12 w 
thereafter GZV+EBV 12w

95
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Table 1. Continued

Study name and 
author

Study
design

Size 
(n)

Patients HCV GT (%) Treatment regimen SVR12 (%)
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Zeuzem et al. 201425

SAPPHIRE-II study
RCT + P* 297 Failed P/R

No LC
1a
1b
?

58
41
<1

1) OBV+PTV/r+DSV+RBV 12w 96

Poordad et al. 201426

TURQUOISE-II study
RCT 380 Treatment naive or experienced

No previous DAA. LC: 100%
1a
1b

69
31

1) OBV+PTV/r+DSV+RBV 12w
2) OBV+PTV/r+DSV+RBV 24w

92
96

Zeuzem et al. 201530

C-EDGE study
RCT + P* 316 Treatment naive

LC: 22%
1a
1b
4
6

50
42
6
3

1) GZV+EBV 12w
2) matched placebo 12 w 
thereafter GZV+EBV 12w

95
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Table 2. Continued

Study name and 
author

Study
design

Size 
(n)

Patients HCV GT (%) Treatment regimen SVR12 (%)

Roth et al. 201531

C-SURFER study
RCT + P* 122 Treatment naive or failed/intolerant P/R

Stage 4-5 CKD. LC: 6%
1a
1b

48
52

1) GZV+EBV 12w
2) matched placebo 12 w 
thereafter GZV+EBV 12w

94

Muir et al. 201556

UNITY-2 study
RCT 112

90
C1: treatment naive. 
C2: treatment experienced (DAA: only NS5B) LC: 
100%

1a
1b

74
26

1) DCV+ASV+BCV 12w
2) DCV+ASV+BCV+RBV 12w

C1 93
98

C2 87
93

Feld et al. 201627

TURQUOISE-III study
cohort 60 Treatment naive or failed P/R 

LC Child Pugh class A
1b 100 1) OBV+PTV/r+DSV 12w 100

Pockros et al. 201629

RUBY-1 study
cohort 20 Treatment-naïve.

Stage 4-5 CKD. No LC.
1a
1b

13
7

1) OBV+PTV/r+DSV+RBV 12w
2) OBV+PTV/r+DSV 12w

85
100

Manns et al. 201457

HALLMARK-DUAL 
study 

cohort + P* 205
205
235

C1: treatment naive. LC: 16%
C2: failed P/R. LC: 31%
C3: ineligible/intolerant for P/R. LC: 47%

1b 100 1) DCV+ASV 24w C1  90  C2  82  C3  82

Kumada et al. 201458

HALLMARK-NIPPON 
study

cohort$ 135
87

C1: IFN-ineligible. LC: 8%
C2: IFN intolerant/non-responder. LC: 13%

1b 100 1) DCV+ASV 24w C1 87 C2 81§

Poordad et al. 201559

UNITY-1 study
cohort 312

103
C1: treatment naive. No LC
C2: treatment experienced. (DAA: only NS5B) No LC

1a
1b

73
27

1) DCV+ASV+BCV 12w C1 92 C2 89

Rockstroh et al. 201532

C-EDGE 
COINFECTION study

cohort 218 HCV treatment naive
ART naïve + HIV-RNA <50 copies/ml or stable ART + 
undetectable HIV-RNA

1a
1b
4
6

66
20
13
1

1) GZV+EBV 12w 95

Abbreviations: HCV, hepatitis C virus; DAA, direct-acting Antivirals; ART, antiretroviral therapy; P/R, 
pegylated interferon+ribavirin; DAA, direct-acting antiviral; C1/C2, cohort 1/2; GT, genotype; RCT, 
randomized controlled trial; CKD, chronic kidney disease; LC, liver cirrhosis; OBV, ombitasvir; PTV/r, 
paritaprevir+ritonavir; 

DSV, dasabuvir; DCV, daclatasvir; ASV, asunaprevir; BCV, beclabuvir; GZV, grazoprevir; EBV, elbasvir; 
RBV, ribavirin; SVR12/24, sustained virological response 12/24 weeks after end of treatment; 
P, placebo; *, placebo group not shown; §, results are SVR24; $, all patients Japanese. NB: due to 
rounding percentages may not total 100.
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Table 2. Continued

Study name and 
author

Study
design

Size 
(n)

Patients HCV GT (%) Treatment regimen SVR12 (%)
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1) GZV+EBV 12w
2) matched placebo 12 w 
thereafter GZV+EBV 12w

94
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C1: treatment naive. 
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100%
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26

1) DCV+ASV+BCV 12w
2) DCV+ASV+BCV+RBV 12w

C1 93
98

C2 87
93

Feld et al. 201627

TURQUOISE-III study
cohort 60 Treatment naive or failed P/R 

LC Child Pugh class A
1b 100 1) OBV+PTV/r+DSV 12w 100

Pockros et al. 201629

RUBY-1 study
cohort 20 Treatment-naïve.

Stage 4-5 CKD. No LC.
1a
1b

13
7

1) OBV+PTV/r+DSV+RBV 12w
2) OBV+PTV/r+DSV 12w

85
100

Manns et al. 201457

HALLMARK-DUAL 
study 

cohort + P* 205
205
235

C1: treatment naive. LC: 16%
C2: failed P/R. LC: 31%
C3: ineligible/intolerant for P/R. LC: 47%

1b 100 1) DCV+ASV 24w C1  90  C2  82  C3  82

Kumada et al. 201458

HALLMARK-NIPPON 
study

cohort$ 135
87

C1: IFN-ineligible. LC: 8%
C2: IFN intolerant/non-responder. LC: 13%

1b 100 1) DCV+ASV 24w C1 87 C2 81§

Poordad et al. 201559

UNITY-1 study
cohort 312

103
C1: treatment naive. No LC
C2: treatment experienced. (DAA: only NS5B) No LC

1a
1b

73
27

1) DCV+ASV+BCV 12w C1 92 C2 89

Rockstroh et al. 201532

C-EDGE 
COINFECTION study

cohort 218 HCV treatment naive
ART naïve + HIV-RNA <50 copies/ml or stable ART + 
undetectable HIV-RNA

1a
1b
4
6

66
20
13
1

1) GZV+EBV 12w 95

Abbreviations: HCV, hepatitis C virus; DAA, direct-acting Antivirals; ART, antiretroviral therapy; P/R, 
pegylated interferon+ribavirin; DAA, direct-acting antiviral; C1/C2, cohort 1/2; GT, genotype; RCT, 
randomized controlled trial; CKD, chronic kidney disease; LC, liver cirrhosis; OBV, ombitasvir; PTV/r, 
paritaprevir+ritonavir; 

DSV, dasabuvir; DCV, daclatasvir; ASV, asunaprevir; BCV, beclabuvir; GZV, grazoprevir; EBV, elbasvir; 
RBV, ribavirin; SVR12/24, sustained virological response 12/24 weeks after end of treatment; 
P, placebo; *, placebo group not shown; §, results are SVR24; $, all patients Japanese. NB: due to 
rounding percentages may not total 100.
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Overall, across all studies SVR12 rates were excellent varying between 94-99% with 12 
weeks of SOF/LDV without additional benefit of ribavirin. Moreover, response rates 
continued to be excellent (SVR12 ≥93%) when the therapeutic regimen was shortened to 8 
weeks in a previously untreated group without cirrhosis and a HCV-RNA viral load below 
6 million IU/ml 18. Furthermore, the large ION-4 cohort-study included 335 treatment 
naive and experienced (no NS5A) HCV/HIV GT1 or 4 co-infected patients on successful 
combination antiretroviral therapy (cART) receiving 12 weeks of SOF/LDV which resulted 
in an impressive SVR12 of 96% 19.

The recently finished four ASTRAL-studies have preceded the approval of the once-
daily fixed-dose pangenotypic combination of SOF and velpatasvir (VEL), a second-
generation NS5A inhibitor 6,7,20. In these 4 phase-3 studies, different groups of patients were 
investigated. For example, the ASTRAL-2 and -3 included only those specific genotypes 
while ASTRAL-1 investigated 624 naive or PEG-IFN/ribavirin experienced patients GT1, 
2, 4, 5 and 6 respectively whereas the ASTRAL-4 looked at those patients with liver 
decompensation. Overall, SVR12 rates varied between 97-100% with 12 weeks of SOF/VEL 
irrespective of past treatment experience and ribavirin use 6,7. ASTRAL-3 and -4 included 
difficult-to-treat patients, extending durations to 24 weeks and addition of ribavirin 
was investigated. For GT3 infected patients, a high SVR12 rate of 95% was reached 7. For 
Child-Pugh B decompensated patients, extended treatment duration did not result in 
higher SVR12 rates (86% versus 83% for 12 weeks) whereas addition of ribavirin did have 
an incremental SVR rise up to 94% 20.

Non-sofosbuvir regimens
The first highly effective regimen not using SOF is a triple combination of a single tablet 
ritonavir-boosted paritaprevir (NS3/4A inhibitor) with ombitasvir (NS5A inhibitor) 
combined with dasabuvir (non-nucleotide NS5B inhibitor). It has been registered only for 
HCV GT1 and 4 patients based on the results of the randomized PEARL 21–23, SAPPHIRE 
24,25 and TURQUOISE studies 26,27 (details of study characteristics are depicted in Table 2). 
In a total of five phase 3 studies of 12 weeks treatment duration (PEARL-II, III and IV and 
SAPPHIRE II and III) SVR12 ranged between 95% to 100% in both HCV GT1a and GT1b 
non-cirrhotic treatment naive and PEG-IFN and ribavirin experienced patients while no 
additional benefit of ribavirin was observed 22–25. The TURQUOISE-I study investigated 
the combination of ritonavir-boosted paritaprevir/ombitasvir and dasabuvir in 63 
treatment naive or experienced (PEG-IFN + ribavirin) HCV/HIV GT-1 co-infected patients 
with suppressed HIV-1 RNA on a stable boosted atazanavir- or raltegravir-including 
HIV regimen 28. Cure rates were high, 94% and 91% after 12 or 24 weeks of treatment 
respectively. The TURQUOISE-II study included 100 treatment naive or experienced (no 
previous DAA) cirrhotic HCV GT1 (69% 1a and 31% 1b) population demonstrating a SVR12 
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of 92% after 12 weeks of treatment with ritonavir boosted paritaprevir/ombitasvir with 
dasabuvir and ribavirin in this advanced population whereas the extension to 24 weeks 
only benefitted HCV GT1a patients (SVR12 of 94% vs. 89%) 26. In GT4 patients from the 
PEARL-I study, ritonavir-boosted paritaprevir with ombitasvir and ribavirin (dasabuvir has 
no GT4 activity) resulted in a SVR12 of 100% in treatment naive and PEG-IFN + ribavirin 
experienced patients without cirrhosis irrespective of ribavirin use 21. Similarly, ribavirin 
may be omitted in HCV GT 1b patients with cirrhosis since a SVR12 of 100% (N=60) was 
achieved in the TURQUOISE-III cohort study. Furthermore, the combination was well 
tolerated in 20 HCV GT-1 patients with advanced kidney disease stage 4 or 5 (according to 
the Modification of Diet in Renal Disease (MDRD) equation) in the RUBY-1 study 29 . An 
overall SVR rate of 90% was achieved with 1 relapse and 1 patient not reaching SVR12 due 
to dying of a cardiac disease unrelated to study medication. 

Grazoprevir (GZR)/elbasvir (EBR) is the first fixed-dose single tablet regimen consisting 
of a NS3/4A and NS5A inhibitor combination. The C-SURFER and C-EDGE trials used 
a matched placebo design with deferred treatment for safety assessment. The latter 
demonstrated a high SVR12 of 95% in 316 treatment naive (22% cirrhotics) HCV GT1, 4 and 
6 patients 30. Unprecedented is the large C-SURFER study where 122 HCV GT1 patients 
with advanced stages of chronic kidney disease (stage 4-5) achieved cure rates of 94% with 
grazoprevir/elbasvir which can be used without dose adjustment because of complete 
metabolization in the liver 31. Finally, 218 treatment naive HCV/HIV GT1, 4 or 6 co-infected 
patients in the C-EDGE COINFECTION study were either naive to treatment with any cART 
or stable on cART for at least 8 weeks 32. Administration of grazoprevir/elbasvir for 12 weeks 
yielded in 96% SVR12 with also all cirrhotic patients achieving an SVR12.

Finally, the randomized UNITY-2 study investigated a 12-week regimen of DAC in 
combination with asunaprevir (a NS3 protease inhibitor currently only registered in Japan) 
and beclabuvir (a non-nucleoside NS5B thumb-1 polymerase inhibitor) with or without 
ribavirin in a cirrhotic population of 112 treatment naive and 90 treatment experienced GT1 
patients. SVR12 rates ranged between 87% and 98% with higher percentages in those arms 
including ribavirin. The larger UNITY-1 cohort trial investigated the same combination in 
a non-cirrhotic population (N=415) demonstrating similar SVR12 rates of 92% in treatment 
naive and 89% in treatment-experienced patients.

Real world cohorts
Recent publications of real-world data (Table 3) have more or less confirmed the high 
response rates reported by clinical trials indicating that a more heterogeneous population 
in clinical practice can also benefit from these new compounds. Naturally, most experience 
has been gained with the 3 longest available combinations of sofosbuvir/simeprevir, 
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sofosbuvir/daclatasvir and sofosbuvir/ledipasvir. For example, the HCV-TARGET, an US 
observational cohort consisting in majority of cirrhotic patients, reported a SVR12 of 81-
85% in 836 HCV GT1 patients treated with SOF/SIM with or without ribavirin 33. This is 
similar to the OPTIMIST-2 all-cirrhotic population despite the fact that in HCV-TARGET 
a substantial amount (45%) had a history of hepatic decompensation or protease inhibitor 
experience (12%). In addition, the TRIO-network presented a SVR12 82% with SOF/SIM 
treatment in a cohort with 703 HCV GT1 patients who were previously ineffectively treated 
with a PEG-IFN-regimen +/- a protease inhibitor 34. Furthermore, a superior SVR12 was 
described for patients without cirrhosis (87% vs. 76%) and while 20% of the cohort had 
received prior treatment with a protease inhibitor there was no difference in SVR12 (82% 
vs. 80%) compared to those without protease inhibitor exposure. Other preliminary results 
on SOF/SIM communicated by HCV-TARGET consisted of moderate cure rates of 74% in 
107 HCV GT1 patients with advanced cirrhosis (MELD score ≥10) without benefit of adding 
ribavirin (SVR12 66%, N=29) 35 while a SVR12 of 100% was achieved in a predominantly 
treatment experienced HCV GT4 population although group numbers were low (N=12) 36. 

Reports on SOF/LDV in clinical practice have shown very high efficacy of this combination 
with a SVR12 of 97%, 97% and 95% when given for 8, 12 and 24 weeks respectively in 1139 HCV 
GT1 in the TARGET-cohort 37. Patients with longer treatment duration were more likely 
to be treatment experienced (PEG-IFN or DAA) and/or have (decompensated) cirrhosis 37. 
The TRIO-network reported similarly high SVR12 rates of 96% in HCV GT1 treatment naive 
non-cirrhotic patients (N=632) who received 12 weeks of SOF/LDV +/- ribavirin. Moreover, 
an abbreviated course of 8 weeks without ribavirin in the group of patients with HCV-RNA 
viral loads below 6 million IU/ml (N=263) and less advances fibrosis resulted in a SVR12 
of 95% 38. Additionally, GECCO is a multicenter German cohort in 70 HIV/HCV coinfected 
patients with various factors previously associated with poorer response. An overall 98% 

Table 3. Real world cohorts of patients receiving HCV treatment with direct-acting antivirals

Study name and 
author

Size (n) Patients

HCV GT (%)

Treatment regimen SVR12 (%)

Sulkowski et al. 201533

TARGET study
836 Treatment naive or failed P/R +/- PI

LC: 59%
1a
1b
1?

61
29
10

1) SOF+SIM
2) SOF+SIM+RBV

85
81

Backus et al. 201560

US veteran cohort
4026 Treatment naive or failed P/R +/- PI

LC: unknown
1a
1b
1?
2

48
23
9
20

1) SOF+P/R 12w
2) SOF+SIM 12w
3) SOF+SIM+RBV 12w
4) SOF+RBV 12w

GT1 67
75
74

GT2

79

Abbreviations: PI, protease inhibitor; GT, genotype; SOF, sofosbuvir, SIM, simeprevir, P/R, pegylated 
interferon+ribavirin; RBV, ribavirin.
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SVR12 was reported after 8 weeks of SOF/LDV with only 1 person having detectable HCV 
viral load 39. Results from the NHS England Early Access Program (EAP) were presented 
from 467 HCV GT1 and 3 patients with decompensated cirrhosis (≥ Child Pugh class B) 
treated with SOF and LDV or DAC with or without ribavirin for 12 weeks. SVR12 of 71% in 
GT3 infected patients with SOF/DAC was higher compared to any combination with LDV 
without additional effect of ribavirin 40. Finally, the European Compassionate Use Program 
(CUP) reported SVR12 of 86% in 49 HCV GT3 patients (82% cirrhosis, median MELD score 
10) with 12 weeks of SOF/DAC and a group of 33 patients with additional ribavirin (90% 
cirrhosis, median MELD score 11) achieved SVR12 in 88% 41.

Table 3. Real world cohorts of patients receiving HCV treatment with direct-acting antivirals

Study name and 
author

Size (n) Patients

HCV GT (%)

Treatment regimen SVR12 (%)

Sulkowski et al. 201533

TARGET study
836 Treatment naive or failed P/R +/- PI

LC: 59%
1a
1b
1?

61
29
10

1) SOF+SIM
2) SOF+SIM+RBV

85
81

Backus et al. 201560

US veteran cohort
4026 Treatment naive or failed P/R +/- PI

LC: unknown
1a
1b
1?
2

48
23
9
20

1) SOF+P/R 12w
2) SOF+SIM 12w
3) SOF+SIM+RBV 12w
4) SOF+RBV 12w

GT1 67
75
74

GT2

79

Abbreviations: PI, protease inhibitor; GT, genotype; SOF, sofosbuvir, SIM, simeprevir, P/R, pegylated 
interferon+ribavirin; RBV, ribavirin.
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REFLECTIONS AND FUTURE DIRECTIONS

The development of DAAs has substantially increased SVR rates above 95% for several 
patient groups. Prior difficult to treat patients like HIV/HCV coinfection, post liver 
transplant and chronic kidney disease patients are now no longer exceptionally different 
from regular HCV mono-infected ones. With development of newer generations of DAAs 
like for example velpatasvir, also HCV GT3 patients are becoming less of a problem for 
successful therapy. However, different uncertainties still remain despite all performed 
trials.

First, the role of ribavirin in the different compounds is still debated. Shortly after the 
introduction of DAAs with high antiviral activity, speculation began about the additional 
benefit of ribavirin when combined with the potent new compounds 42. Many phase-2/3 
trials included treatment arms with or without ribavirin 43 with some showing a clear 
benefit while others did not. In addition, real-world data reported specific analysis on 
the benefit of ribavirin in this setting showing no additional benefit 33. However, the 
debate is still ongoing in the era of all-oral second-generation compounds. As a general 
rule, international guidelines advise clinicians to add ribavirin in treatment-experienced 
patients and/or those with cirrhosis or liver decompensation and/or those with a genotype 
3 infection 16,44. In addition, when patients have become intolerant to ribavirin, either as a 
result of past experience or during the course of a current therapy, it is advised to extend 
the treatment duration in order to optimize SVR rates in these more difficult to treat 
patient groups.

Second, the presence of resistance-associated amino acid variants (RAVs) is caused by 
the extremely fast and erroneous replication of HCV might be a complicating factor. The 
natural occurrence of RAVs varies between a) the different HCV proteins and b) between 
methods (population sequencing or deep sequencing) and is possibly directly associated 
with the replicative fitness of that particular viral strain compared to the wild type 45. 
Except for the Q80K polymorphism, single RAVs in HCV GT1 infected patients occur at 
low frequencies (0.1% - 3.1%). In contrast, RAVs in the NS5A region occur more frequently 
illustrated by the Y93H RAV which has a prevalence of 3.8 - 14.1% in HCV GT1b patients 13.

The significance of baseline RAVs still remains unclear since definite associations with 
therapy outcome are lacking 46. For example, the presence of a baseline Q80K RAV led to a 
significant decrease in SVR at 12 weeks post treatment (SVR12) in HCV genotype 1a patients 
treated with PEG-IFN/ribavirin and simeprevir (NS3/4A protease inhibitor) harboring the 
Q80K mutation compared to those GT1a patients without (53% vs. 85%) 47. To the contrary, 
no significant difference in SVR24 rate was demonstrated in HCV GT1 patients receiving 
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ritonavir-boosted paritaprevir, ombitasvir and dasabuvir with any RAV at baseline 
compared to those without measurable preexisting RAVs 48. In patients experiencing a 
relapse after DAA-therapy, RAVs were detected in the majority, depending mainly on the 
duration of treatment and used DAA class 48–51. Noteworthy, NS5A associated RAVs may 
frequently persist for ≥96 weeks in subjects who relapse to regimens containing NS5A 
inhibitors while NS3/4A variants have been shown to disappear shortly after cessation 
of DAA treatment 52. Furthermore, a re-treatment study with SOF/LDV demonstrated 
that SVR12 rates depend on the number and type of NS5A RAV at baseline 53. Therefore, 
resistance analysis by population sequencing could be useful to guide treatment choices 
after DAA failure. For deep sequencing of minor populations is not enough evidence. 
Currently, treatment guidelines advise to perform resistance mutation testing in case of 
treatment failure and to guide switching to another DAA class in case of re-treatment 16.

Several developments in the HCV field are anticipated in the near future with new DAAs 
to face remaining obstacles in difficult to treat patient groups like the GT3 infected 
with advanced cirrhosis and/or relapse after DAA treatment. First, further shortening 
of therapy, for specific patient groups, will be sought for with currently available and 
future compounds. For example, 8-week treatment with SOF/LDV is already established 
for those HCV GT1 infected patients with HCV-RNA loads below 6 million IU/ml 18. With 
the availability of newer and more potent compounds for certain patient groups even 
shorter treatment durations might be possible 54. Second, newly formed combinations with 
existing DAAs targeting multiple HCV proteins are currently being investigated to further 
enhance antiviral activity; e.g. ritonavir-boosted paritaprevir/ombitasvir/dasabuvir with 
added sofosbuvir. Finally, various new compounds are in different phases of development 
in pursuit of that potent pangenotypic, one-pill combination with good tolerability and 
high barrier to resistance targeting all available HCV proteins (i.e. perfectovir). Examples 
of drug regimens presently in phase 3 studies are: glecaprevir (or ABT-493; NS3/4A 
inhibitor) with pibrentasvir (ABT-530; NS5A inhibitor) or sofosbuvir/velpatasvir with 
GS-9857 (pangenotypic NS3/4A inhibitor); followed by additional compounds in phase 
2 like simeprevir with samatasvir or MK-1894 (NS5A inhibitor) and TMC647055 (non-
nucleoside NS5B inhibitor). When health-economic issues regarding drug pricing have 
been resolved, complete cure of HCV will be realizable for the majority of patients with 
the continuing advancements in antiviral efficacy. While progression is still made at rapid 
pace the revolution in HCV treatment has yet to come to an end.
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ABSTRACT

Introduction: Pegylated interferon-based therapy for hepatitis C virus (HCV) negatively 
impacts nutritional state and patient-reported outcomes (PROs) such as health-related 
quality of life (HRQL). Clinical trials with direct-acting antivirals (DAAs) report significant 
PRO improvement but real-world data are still scarce.

Methods: Prospective cohort study recruiting HCV patients treated with DAAs in 2015-
2016. Data at baseline, end of treatment (EOT) and 12 weeks thereafter (FU12) included: 
patient-reported medication adherence; SF-36; Karnofsky Performance Status; paid labour 
productivity; physical exercise level; nutritional state [by body mass index (BMI) and Jamar 
hand grip strength (HGS)] and Beliefs about Medicines Questionnaire. Potential factors 
predicting these PROs were evaluated with multiple regression analysis.

Results: A total of 68 patients were enrolled: 85% male, median age 57 years, 80% genotype 1, 
40% cirrhotics, 46% haemophilia. Both cure rate and patient-reported adherence were 97%. 
SF-36 Physical Component Summary did not change (43.2 ± 11.9, 44.9 ± 10.3 and 44.7 ± 10.9 
at baseline, EOT and FU12, p = 0.71). In contrast, SF-36 mental component summary (MCS) 
decreased transiently during therapy (49.2 ± 11.9, 44.6 ± 10.3 and 49.9 ± 12.6 at baseline, 
EOT and FU12, p < 0.01). Concomitant ribavirin-use was the only independent predictor of 
decreased SF-36 MCS. BMI (25.7 ± 4.5 and 25.6 ± 4.4 at baseline and EOT, p = 0.8) and Jamar 
HGS (39.7 ± 13.0, 37.4 ± 11.9 and 37.9 ± 13.8 at baseline, EOT and FU12, p = 0.56) did not change.

Conclusion: Our study reveals concomitant ribavirin as the only independent predictor of 
transient decrease in SF-36 mental HRQL during DAA therapy. In contrast to interferon-
based therapy, DAAs do not affect BMI or Jamar HGS.
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INTRODUCTION

Patient-reported outcomes (PROs) have taken central stage in the assessment of quality 
provision in hepatitis C virus (HCV) care 1. While the main goal of HCV antiviral therapy is to 
achieve a sustained virological response (SVR), which is considered a surrogate marker for 
favorable long-term hepatic and extra-hepatic clinical outcomes, 2 PROs can demonstrate 
immediate change in patient’s perceived health condition. A wide variety of PROs such as 
health-related quality of life (HRQL), labour productivity and physical exercise level are 
negatively impacted by chronic HCV infection 3–5. Even HCV patients with an early fibrosis 
stage often report impaired HRQL, predominantly attributable to fatigue or depression 4. 
Advanced hepatic disease such as cirrhosis is associated with further HRQL impairment 6. 
Interferon and ribavirin containing regimens also temporary compromise patient HRQL 
perception and may lead to a detrimental nutritional state, 7 poor therapy adherence and 
early treatment discontinuation 8. On the other hand, HCV patients who accomplished 
successful viral eradication with an interferon-based regimen exhibited improved HRQL 
following treatment compared to non-responders 9. The novel DAAs significantly reduce 
patient treatment burden because of shorter therapy courses and a superior side effect 
profile compared to interferon containing regimens. The favorable qualities of second 
generation DAAs even resulted in PRO improvement as early as 2 weeks after treatment 
initiation in clinical trials 10. However, real world data on PROs in HCV patients on DAA 
therapy are still scarce. The current study describes a variety of PROs in a real-world cohort 
of chronic HCV patients who received DAA treatment.
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PATIENTS AND METHODS

Patient selection and study design
All consecutive patients with chronic HCV who received anti-viral treatment with an 
all-oral DAA regimen at the Department of Gastroenterology of the University Medical 
Center Utrecht in 2015-2016 were eligible for inclusion in this observational prospective 
cohort study. Patients with no comprehension of Dutch or English language and with 
either HBV or HIV-coinfection were excluded.Patients received DAA therapy in agreement 
with international guidelines 11,12. Medication was dispensed according to usual medical 
practice and all DAAs were fully reimbursed by the health care insurance (with the 
exception of the obligatory deductible excess) 11,12. Follow-up visits during therapy with 
the treating physician were at baseline, after 2 and 4 weeks and thereafter at 4-week 
intervals. Both PROs and routine laboratory test results were collected at baseline, end 
of treatment (EOT) and at 12 weeks after treatment completion (FU12). It was aimed to 
offer support for the patient in case of any marked decrease in one of the selected PROs 
(e.g. sever weight loss). The Beliefs About Medicines Questionnaire (BMQ) 13 was collected 
at baseline and FU12. HCV RNA was assessed using Cobas Ampliprep & Cobas TaqMan 
HCV test, Roche (lower limit of detection 15 IU/mL). Sustained virological response 
(SVR) was defined as negative serum HCV RNA 12 weeks post-treatment. Cirrhosis was 
defined as either Fibroscan® ≥12.5 kPa) 14 or liver histology with METAVIR classification 
of F4. All patients provided written informed consent. This study is in agreement with 
the 1964 Declaration of Helsinki and was approved by the Medical Ethical Committee of 
the University Medical Center Utrecht.

Patient-reported outcomes
Health-related quality of life and performance status
The health-related quality of life (HRQL) was assessed using a validated Dutch version 
of the Short Form-36 (SF-36) 15. This questionnaire quantifies HRQL with scores ranging 
from 0 (lowest) to 100 (highest) using eight subscales consisting of: Physical Functioning 
(PF), Bodily Pain (BP), Role Physical (RP), General Health (GH), Role Emotional (RE), 
Vitality (VT), Social Functioning (SF) and Mental health (MH). The subscales of SF-36 are 
summarized as Physical Component Summary (PCS) and Mental Component Summary 
(MCS). Minimal clinically important difference (MCID) for PCS and MCS was defined as a 
change of ≥5%, in accordance with previous literature 16.

The Karnofsky performance status (KPS) scale, which ranges from 0 to 100, was used to 
evaluate performance status 17

.
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Beliefs about Medicines Questionnaire and treatment adherence
Patients’ attitude towards medicines was measured at baseline and FU12 using the Beliefs 
About Medicines Questionnaire (BMQ) 13. The BMQ consists of two sections: the BMQ-
general and the BMQ-specific, which are both, valued on a 5-point Likert scale. The BMQ-
general assesses beliefs about the harmfulness and overuse of medicine in general. The 
BMQ-specific assesses patients’ beliefs about the necessity of the prescribed DAAs for 
controlling their illness and their concerns about the potential adverse consequences of 
taking it. Mean scores for each subscale are computed and higher scores indicate stronger 
agreement. Additionally, the BMQ-specific is categorized into four different groups: 
“accepting”, i.e. necessity score ≥2.5 (high) and concerns score <2.5 (low), “ambivalent” i.e. 
necessity score ≥2.5 (high) and concerns score ≥2.5 (high), “indifferent”, i.e. necessity <2.5 
(low) and concerns <2.5 (low) and “skeptical”, i.e. necessity score <2.5 (low) and concerns 
score ≥2.5 (high).

Patients’ self-reported medication adherence was registered at each visit. Patient-reported 
treatment adherence was expressed in percentage, which was calculated using the following 
formula: the number of pills taken during the treatment period divided by the number of 
pills prescribed by the physician. 

Nutritional state
Nutritional state was assessed with the voluntary hand grip strength (HGS) according to 
Jamar. This parameter is a measure of nutritional state 18 and an independent predictor of 
complications in patients with cirrhosis 19. The HGS was measured in the dominant hand 
with a calibrated Jamar dynamometer (Biometrics, Almere, The Netherlands) adjusted 
for sex, age, and height and compared to a healthy reference population 20–23. The best of 
three consecutive measurements was recorded (1 min recovery time between attempts). In 
addition, data on weight and Body Mass Index (BMI) were collected at baseline and EOT.

Paid labour productivity
For the assessment of paid labour productivity (PLP) patients were asked to provide 
information on their productivity status. The PLP was defined as full time (≥36 hours/
week), part time (<36 hours/week) or none and further categorized as either white collar 
(physically inactive) or blue collar (physically active) labour. Work impairment was defined 
as any decrease in working hours during or after DAA therapy.

Physical exercise
At each study visit patients indicated their level of leisure physical exercise (with exclusion 
of exercise during paid labour working hours). Patients were divided into the following 
categories according to their physical exercise activity per week: (1) no significant physical 
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exercise (<60 minutes of exercise); (2) 60 to 150 minutes of low intensity exercise; (3) > 
150 minutes of low intensity exercise; (4) 60 to 150 minutes of high intensity exercise; (5) 
> 150 minutes of high intensity exercise. Low intensity exercise was defined as walking 
and leisure cycling. High intensity exercise was defined as strength training, running and 
intense cycling. 

Statistical analysis
Continuous data are reported as means with standard deviations (SD) or, in case of a non-
Gaussian distribution, as medians with interquartile range (IQR). Discrete variables are 
described as absolute and relative frequencies. Differences between subgroups were tested 
for statistical significance by independent t-test or Mann-Whitney U-test, as appropriate. 
Paired-samples t-test or in case of a non-Gaussian distribution Wilcoxon Signed Rank 
Test was used to analyze within group changes between two different time points. In 
case of three different time points, a repeated measure ANOVA or a Friedman Test was 
used in combination with post hoc analysis with Bonferroni correction for multiple 
testing. Associations between changes from baseline of different continuous outcomes 
were evaluated with Pearson’s correlation coefficient. Univariate and multivariate linear 
regression analyses were conducted to identify potential factors predicting changes in 
KPS and SF-36 Summary scores at EOT and FU12 compared to baseline scores. Potential 
predictors that were analyzed, predominantly based on previous literature, included: gender, 
age, BMI, prior treatment exposure, use of ribavirin, presence of cirrhosis or concomitant 
hemophilia 10,24,25. Factors with a p-value <0.2 in univariable analysis were included in 
subsequent multivariate analysis. Adjusted Beta coefficients with 95% Confidence Intervals 
(CIs) were calculated. A two-sided p-value <0.05 was considered statistically significant. 
SPSS version 24.0 (IBM, Armonk, New York, United States) was used for statistical analyses 
and GraphPad Prism version 6.0 (GraphPad Software, La Jolla California USA) for creating 
graphics.
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RESULTS

Patients
A total of 72 consecutive HCV patients who received a DAA-regimen were considered 
for inclusion in this study. Four patients were excluded because of language barriers. 
The remaining 68 participants (Table 1) were predominantly male (85%) with a median 
age of 57 years. Genotype 1a and 1b were most prevalent (31% and 49%, respectively) and 
40% of patients had compensated cirrhosis. Extrahepatic HCV manifestations such as 
hematologic, autoimmune or dermatologic conditions were not present in the study 
population. Concomitant inherited bleeding disorders (hemophilia A or B) were present 
in 46%. The DAA regimens were sofosbuvir-based in 85% and ombitasvir/paritaprevir/
ritonavir/dasabuvir (3D)-based in 15%. In total, 63% of all patients received treatment 
with ribavirin. On average, haemoglobin concentration declined with 1.2 mmol/L during 
DAA-treatment and haemoglobin concentration had recovered completely to baseline 
levels at FU12. Seven patients (10%) had a history of a depressive disorder of which two 
were on long-term antidepressant treatment. One patient stopped taking the mood 
stabilizer during DAA-therapy due to resolution of symptoms. During the study period, 
two patients used antidepressants for other reasons than depression such as attention 
deficit hyperactivity disorder (ADHD) and neuropathic pain. All patients completed the 
entire treatment period with follow-up 12 weeks post-treatment available. Adherence was 
100% for 66 patients (97%). The remaining two patients missed one and three dose(s) 
respectively but still achieved a SVR. Total SVR rate was 97%. Two genotype 1b patients 
with mild fibrosis (F0-F1) exhibited positive HCV RNA within 3-6 months after completion 
of a 3D-based regimen. One case was classified as a relapse and the other as a re-infection 
with genotype switch to 1a.

Health-related quality of life and performance status
At baseline, the Physical Component Summary (PCS) was impaired in comparison with the 
general Dutch population 15 however there was no subsequent change in PCS during or after 
DAA therapy (43.2±11.9, 44.9±10.3, and 44.7±10.9 at baseline, EOT and FU12, respectively, 
p=0.71) (Table 2). Patients with an inherited bleeding disorder tended to have lower PCS at 
baseline than those without an inherited bleeding disorder (40.7±10.5 vs. 45.5±9.6, p=0.06) 
and this discrepancy was also observed during and after DAA treatment. In multivariate 
analysis, higher BMI was found predictive for increase of PCS score at EOT compared to 
baseline (p<0.05). 



52

Chapter 3

Table 1. Characteristics of chronic hepatitis C patients and direct-acting antiviral treatments

N = 68

Age (yrs), median (IQR) 57 (49–64)

Male gender, n (%) 58 (85)

Ethnic descent, n (%)

Caucasian 63 (93)

North African / Middle East 4 (6)

Other 1 (1)

Baseline blood tests, median (IQR)

ALT (U/L) 74 (41–124)

Albumin (g/L) 42.2 (40.2–44.3)

Bilirubin (µmol/L) 11 (8–14)

Prothrombin time (sec) 13.7 (13.2–14.4)

Thrombocytes (109/L) 182 (135–239)

Cirrhosis, n (%) 27 (40)

Child Pugh A, n (%) 27 (100)

MELD-score, median (IQR) 7 (6-9)

Haemophilia, n (%) 31 (46)

HCV genotype, n (%)

1a 21 (31)

1b 33 (49)

2 2 (3)

3 7 (10)

4 5 (7)

Baseline HCV RNA (log 10 IU/mL), median (IQR) 6.3 (6.0–6.5)

Peg-IFN/RBV experienced, n (%) 34 (50)

DAA treatment, n (%)

Sof/RBV 3 (4)

Sof/Sim±RBV 12 (18)

Sof/Ldv±RBV 17 (25)

Sof/Dac/RBV 26 (38)

3D±RBV 10 (15)

Ribavirin, n (%) 43 (63)

Treatment duration, n (%)

12 weeks 60 (88)

24 weeks 8 (12)

Ribavirin concentration at week 8 (mg/L), median (IQR) 2.4 (1.7–3.4)

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; DAA, direct-acting antiviral; 
Dac, daclatasvir; HBV, hepatitis B virus; HIV, human immunodeficiency virus; IQR, interquartile 
range; Ldv, ledipasvir; MELD, Model for End-Stage Liver Disease; Peg-IFB, pegylated-interferon; 
RBV, ribavirin; Sim, simeprevir; Sof, sofosbuvir; 3D, ombitasvir, paritaprevir, ritonavir and dasabuvir.
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The Mental Component Summary (MCS) was similar to the general population at baseline, 
but decreased transiently during therapy (49.2±11.9, 44.6±10.3 and 49.9±12.6 at baseline, EOT 
and FU12 respectively, p<0.05) (Table 2). At baseline, patients with an inherited bleeding 
disorder had substantially higher MCS score in comparison with the non-hemophilic 
patients (54.7±10.1 vs. 44.1±11.1, p<0.05). In contrast, cirrhotic patients had significantly lower 
MCS scores at baseline (45.3±12.8 vs. 51.9±10.6, p<0.05) than those without cirrhosis. In the 
multivariate analysis, concomitant ribavirin-use was the only independent predictor of 
decreased MCS during therapy (p<0.05) (Table 3). Although ribavirin-recipients experienced a 
greater decline in haemoglobin concentration than those treated with ribavirin-free regimens 
(-1.7 vs -0.4 mmol/L, p<0.05), the haemoglobin decline was not correlated with the decrease in 
MSC during DAA-treatment (r=0.14, p=0.31). Patients not receiving ribavirin had stable MCS 
level during treatment (53.2±10.8, 50.3±11.0 and 52.9±11.2 at baseline, EOT and FU12 respectively, 
p=0.28). The eight SF-36 subscales generally decreased during treatment with improvement 
12 weeks after end of therapy (Figure 1). The SF-36 Vitality scale, (considered the most affected 
component of SF-36 in HCV patients 16), was the only subscale that demonstrated significant 
improvement at FU12 compared to baseline (+5.9, CI 1.2–10.0, p<0.05). 

The overall Karnofsky performance status (KPS) score at baseline was high (92.3±11.7), 
although patients with cirrhosis had a considerable lower KPS level than non-cirrhotics 
(87.0±13.8 vs. 96.1±7.7, p<0.05). Similar to the SF-36 MCS score, KPS showed a significant 
transient decrease during treatment with subsequent recovery (92.3±11.7, 84.2±13.7 and 
90.3±11.8 at baseline, EOT and FU12 respectively, p<0.05). No predictive factors were 
identified for decline in KPS during treatment in multiple regression analysis.

Table 2. SF36-components during DAA treatment

SF-36-components Baseline EOT FU12 p*

Physical Functioning 70.3 ±25.0 70.7±21.1 71.5±26.9 0.42

Role Physical 63.2 ±37.5 49.1±43.2& 69.0±40.6 <0.05

Bodily Pain 68.7 ±23.3 70.9±26.6 69.7±24.4 0.73

General Health 54.6 ±21.4 58.5±22.0 58.8±21.8 0.51

Social Functioning 75.7 ±24.6 72.8±24.1 79.0±23.6# <0.05

Role Emotional 75.6 ±35.6 66.1±42.1 75.7±39.8# <0.05

Mental Health 75.4 ±17.7 68.7±21.8& 76.6±18.0 <0.05

Vitality 59.8 ±21.3 54.3±24.1& 65.7±22.1$ <0.05

Physical Component Summary 43.2±11.9 44.9±10.3 44.7±10.9 0.71

Mental Component Summary 49.2±11.9 44.6±10.3& 49.9±12.6 <0.05

Data presented as mean ± SD. *The p-value is reported for the repeated measures analysis (ANOVA 
or Friedman). Reported differences in post hoc analysis (p<0.05): 
& from baseline and FU12 values; $ from baseline and EOT values; # from EOT values
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Table 3. Factors predicting decrease in SF-36 Mental Component Summary at end of DAA treatment 
compared to baseline

Univariable analysis Multivariable analysis

Beta-
coefficient

CI p Beta-
coefficient

CI p

Age -0.07 -0.37 – +0.23 0.64

Female gender 8.99 +1.09 – +16.89 0.03 7.17 -0.46 – +14.80 0.07

BMI -0.50 -1.16 – +0.17 0.14 0.00 -0.64 – +0.64 1.0

Treatment 
experienced

-4.53 -10.48 – +1.42 0.13 -2.65 -8.42 – +3.12 0.36

Cirrhosis -1.65 -7.91 – +4.61 0.60

Hemophilia -1.98 -8.05 – +4.09 0.52

Ribavirin therapy -6.03 -12.03 – -0.04 0.05 -7.74 -13.73 – -1.75 0.01

Abbreviations: CI, confidence interval. Uni- and multivariable analysis of predicting factors and 
SF-36 Mental Component Summary scores at end of treatment with reference to baseline values. 

Figure 1. Changes of SF-36 components during and 12 weeks after direct-acting antiviral therapy 
compared to baseline

Abbreviations: EOT, end of treatment; FU12, twelve weeks after end of treatment. Mean change in 
SF-36 component scores during and after treatment compared to baseline values. *p<0.05 in the 
repeated measures analysis (ANOVA or Friedman) with post hoc analyses.
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Beliefs about medicines
Paired BMQ results at baseline and three months after end of therapy were available for 
49 patients (72%). According to the BMQ specific questionnaire, 37% of all patients had an 
‘accepting’ attitude towards DAA-therapy which increased to 55% at FU12 (Table 4). This 
can be explained by a decrease in the proportion of patients with ‘high concerns’ about the 
potential adverse consequences of taking DAAs from 56% at baseline to 25% at EOT. Overall, 
changes in attitude towards DAA at FU12 compared to baseline did not reach significance 
(p=0.10). When considering beliefs about medication in general, treatment with DAAs had 
no significant impact on the beliefs about harmfulness (2.3±0.7 and 2.3±0.6 at baseline and 
FU12, p=0.65) and overuse (2.5±0.6 and 2.6±0.8 at baseline and FU12, p=0.51). 

Table 4. Attitude of patients with chronic hepatitis C infection towards direct-acting antiviral 
therapy

Baseline FU12
*

Accepting 18 (37) 27 (56)

Ambivalent 19 (39) 10 (20)

Indifferent 3 (6) 10 (20)

Skeptical 9 (18) 2 (4)

Abbreviations: FU12, twelve weeks after follow-up. Attitude towards DAA therapy assessed with the 
BMQ-Specific. Results are given for patients with complete evaluation at two time-points (N=49). 
Data presented as counts with relative frequencies. *Overall difference at FU12 compared to baseline 
was non-significant (p=0.10) (Wilcoxon signed rank Test). 

Nutritional state
Baseline BMI indicated normal weight (BMI 18.5-25 kg/m2), overweight (BMI >25-30 kg/
m2) and obesity (BMI >30kg/m2) in 44%, 40% and 16% of patients, respectively. Overall, no 
substantial BMI change was observed during therapy (25.7±4.5 and 25.6±4.4 at baseline and 
EOT, respectively, p=0.78) and severe weight loss (i.e. ≥10% of basal values) did not occur. 

In 36 patients, Hand Grip Strength (HGS) measurements according to Jamar were available 
at baseline, EOT and / or FU12. At baseline, HGS was sufficient in 52-88% of the group, 
depending on reference values that were used and this ranged between 40-78% at both EOT 
and at FU12 

21,23. Mean HGS during antiviral therapy did not change (39.7±13.0, 37.4±11.9 and 
37.9±13.8 at baseline, EOT and FU12 respectively, p=0.56). A total of 5 patients experienced 
a reduction of greater than 10% in HGS at EOT, however this returned to baseline levels 
for all but one patient at FU12 (Figure 2).
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Figure 2: Hand Grip Strength according to Jamar before direct-acting antiviral therapy, at end of 
treatment and at 12 weeks follow-up.

Abbreviations: EOT, end of treatment; FU12, twelve weeks after end of treatment. Bars indicate 
means. Black circles with connecting lines indicate individual patients. 

Table 5. Paid labour productivity and physical exercise during and after direct-acting antiviral 
therapy

Baseline EOT FU12 p#

Paid labour productivity, n (%) * 0.12

None 34 (50) 35 (51) 28 (48)

White Collar 29 (43) 26 (38) 23 (39)

Blue Collar 5 (7) 7 (9) 8 (14)

Paid labour productivity hrs/week, median (IQR) $ 36 (26-40) 36 (19-40) 40 (24-40) 0.63

Physical exercise, n (%) & 0.01

None 22 (32) 35 (52) 36 (59)

Low intensity, 60-150 min 17 (25) 10 (15) 11 (18)

Low intensity, 150-240 min 18 (27) 11 (16) 7 (11)

High intensity, 60-150 min 2 (3) 7 (10) 4 (7)

High intensity, 150-240 9 (13) 5 (7) 3 (5)

Abbreviations: EOT, end of treatment, FU12, twelve weeks after follow-up, IQR, interquartile 
range.#P-value for overall changes during treatment (Friedman test). $ Data depicted for those 
with paid labour at baseline, EOT or FU12.; * Data on paid labour productivity at FU12 was available 
for 59 patients; & Data on physical exercise at FU12 was available for 61 patients. 
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Paid labour productivity and physical exercise
Data on paid labour productivity, physical exercise and performance status are given in 
Table 5. At baseline, paid labour was performed by 50% (54% full time white collar, 6% full 
time blue collar, 32% part time white collar and 8% part time blue collar). After therapy 
completion, complete loss of labour and work impairment was reported by 8% and 19% 
of all patients with paid labour at baseline, respectively. All three patients with complete 
loss of labour had an inherited bleeding disorder. At FU12, two of these three had returned 
to working the same hours as before treatment initiation. 

Prior to antiviral therapy, 32% of all patients performed no significant leisure physical 
exercise at all and this proportion increased thereafter (52% and 59% at EOT and FU12, 
respectively). Before initiation of therapy, those HCV patients who performed exercise 
mostly trained at low intensity (76%) and a smaller proportion performed high intensity 
exercise (24%). Abandonment of all significant physical exercise during DAA treatment 
occurred in 48% of those patients who exercised before DAA therapy. At FU12 exercise was 
reinitiated by 22% of these patients. There was no difference in hemoglobin concentration 
decline during treatment in patients who had stopped exercising compared to those who 
continued (-1.3 mmol/L vs. -1.0 mmol/L, p=0.40). Overall, the level of physical exercise 
during DAA treatment changed significantly (p<0.05). 
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DISCUSSION

In addition to efficacy and safety data, PROs are important in quantifying the impact and 
value of DAA-therapy 26,27. Although clinical trial data suggest that PRO improvement in 
HCV patients can be accomplished even shortly after DAA-treatment initiation, 10 this has 
yet to be confirmed by real world evidence. 

The main finding of our study was that HRQL remained stable during and after DAA 
treatment when considering the Physical Component. Several previous clinical DAA trials 
demonstrate significant improvement of PCS at EOT and/or FU12 

28–30. However, a temporary 
on-treatment decline in PCS during sofosbuvir/ribavirin treatment has also been reported 
24. Differences between our current study and previous trials could be related to a different 
patient selection. For instance, a large proportion of our patients had an inherited bleeding 
disorder and this subgroup exhibited lower PCS scores throughout the treatment and follow-
up period compared to those without an inherited bleeding disorder. The Mental Component 
Summary (MCS) revealed an important on-treatment decline in our patients with complete 
recovery at follow-up. Concomitant ribavirin was the only independent predictor of the 
temporary decline in MCS. Previous literature reports similar and reversible on-treatment 
declines in the MCS in HCV patients treated with a ribavirin-containing regimen. Of note, 
those patients who did not receive ribavirin in these clinical trials showed an early increase in 
the MCS after start of DAA treatment 28,30. Patients in our study with a ribavirin-free regimen 
had no significant change in MCS level during therapy compared to baseline. With respect 
to the individual SF-36 domains, Vitality demonstrated the most pronounced and clinically 
important improvement at FU12 compared to baseline (+5.9) which is in accordance with 
previous literature that describes Vitality as one of the key SF-36 domains affected by HCV 16. 

Patients with an inherited bleeding disorder comprise a large proportion of our cohort 
with excellent SVR-rates of 97%, which is in agreement with other studies in this patient 
category 31,32. To our knowledge, this is the first real-world report on PROs of HCV patients 
with an inherited bleeding disorder during DAA-treatment. Patients with an inherited 
bleeding disorder had substantially lower PCS scores in comparison with the other 
patients. This could relate to the consequences of hemophilia (e.g. disabling arthropathy). 
In contrast, their MCS scores at each time-point during the study period were significantly 
higher than in the other patients. MCS scores in patients with hemophilia have previously 
been described to be relatively high in comparison with the country-specific normative 
scores 33,34. Since quality of life measurement expresses the patient’s subjective perception 
of their level of functioning compared to what they believe to be optimal, we hypothesize 
that the relatively high MSC scores in hemophiliacs in our study reflects a high degree of 
chronic disease acceptance in this well adapted patient group. 
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It has been reported that patients’ beliefs about medicines as assessed with the BMQ is 
related to medication adherence in inflammatory bowel disease and depressive disorders 
35,36. In this cohort, the selection of patients with an ‘accepting’ attitude towards DAA’s 
improved from 37% at baseline to 55% at FU12. This was mainly due to a decrease in ‘high 
concerns’ about the potential adverse consequences of taking DAAs from 56% at baseline 
to 25%. At FU12, 76% of patients scored ‘high’ on beliefs about DAA necessity and 75% 
scored ‘low’ on concerns about DAAs so both domains would have to be addressed equally 
to improve the overall patient’s acceptance of DAAs in the future. The relation between 
patients’ attitude and adherence could not be investigated since 97% of this cohort 
reported perfect adherence (=100%). This may be an overestimation of true adherence 
since adherence in this study was patient-reported and therefore subject to recall bias. 
Nevertheless, non-adherence does not appear a major problem in DAA therapy 37,38.

Malnutrition can predict complications in patients with cirrhosis 19,22 and severe weight 
loss (>10%) during treatment often occurred in the interferon-era 7. To our knowledge, our 
study is the first report on nutritional state of HCV patients during all-DAA treatment. 
In our cohort, no significant changes in mean BMI and Hand Grip Strength according to 
Jamar were found. 

Infection with HCV imposes an economic burden with impaired work productivity 3,39,40. 
Our study shows high unemployment rate of 50% in patients with chronic HCV at baseline 
which is in line with large international Health surveys (7-74%%) 3,41,42 and a previous study 
in the Netherlands (54%) 43. Work impairment (i.e. decrease in working hours) in our cohort 
occurred in 15% during treatment which is lower than previously described (26-30%) 5,41,42. 
However, actual work impairment may be higher as patients only reported on absenteeism 
and not presenteeism (i.e. being on the job but with diminished work productivity because 
of illness) which has been documented to be the predominant factor in work impairment 
in HCV patients receiving interferon-based therapy 5,41,42. About one third (32%) of all HCV 
patients performed no leisure physical exercise at baseline, comparable with previous 
literature (32-52%) 3,42.

Our study has several strengths and limitations. First of all, it provides results of a wide 
range of validated PRO measures that were prospectively collected. Secondly, it contributes 
to the scarce knowledge on PROs in HCV patients with an inherited bleeding disorder. 
On the other hand: the inclusion of patients with an inherited bleeding disorder might 
cause somewhat diminished generalizability of the results. Of further note, patients with 
decompensated cirrhosis were not included in this study. All though we put in efforts to 
minimize the amount of loss to follow-up, there still are some missing values in a number 
of outcomes variables, which may have influenced our results. Finally, the relatively small 



60

Chapter 3

number of patients may have prohibited us to demonstrate overall improvement in PROs 
and it also precluded analysis of the potential effects of different DAA-regimens on PRO-
values.

In conclusion, our real-world experience with direct-acting antivirals reveals reversible 
decline of the SF-36 Mental Component Summary without change in the Physical 
Component Summary or the nutritional state. Concomitant ribavirin therapy was the 
only predictive factor for decreased Mental Component Summary.
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ABSTRACT

Background: The Netherlands is one of the six European countries considered on track 
to eliminate hepatitis C virus by 2030. To achieve this goal, continuous efforts have to be 
put into designing efficient case-finding strategies, including the retrieval of previously 
diagnosed hepatitis C virus-infected who are lost to follow-up.

Aims: To trace and treat all lost to follow-up hepatitis C virus patients in the Utrecht 
region and create an efficient retrieval strategy that can be used in future (national) 
retrieval initiatives.

Methods: Positive hepatitis C virus diagnostic tests (anti-hepatitis C virus IgG or hepatitis C 
virus-RNA) from the laboratory of all four hospitals and one central laboratory for primary 
care diagnostics in the province of Utrecht from 2001 to 2015 were linked to clinical records. 
Untreated patients with available contact information were deemed eligible for retrieval 
and invited for reevaluation with (virology) blood tests, fibroscan measurement and 
possible direct-acting antiviral therapy.

Main results: After screening all hepatitis C virus diagnostics, 1913 chronic hepatitis C 
virus-infected were identified of which 14.1% (n = 269) were invited back into care. Overall, 
17.4% was traced with the highest yield (28.3%) in those who lived in the Utrecht province. 
Through renewed patient assessments, 42 chronic hepatitis C virus infections were re-
identified (76% with a history of intravenous drug use, 24% with Metavir F3-F4). Until now, 
59% has either scheduled or initiated direct-acting antiviral therapy.

Conclusion: The retrieval of previously diagnosed hepatitis C virus patients through 
screening of laboratory diagnostics from the past is feasible and should be pursued for 
further control and reduction of hepatitis C virus infection. Retrieval is most successful 
when performed regionally.
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INTRODUCTION

Global elimination of chronic hepatitis C virus infections (HCV) has become the final 
ambition since the introduction of highly effective direct-acting antivirals (DAAs) 1. A 
number of nations, including the Netherlands, with favorable HCV epidemiology (i.e. 
low prevalence and incidence) and universal access to healthcare including DAA-therapy, 
are at the front of countrywide HCV elimination 2. As a result, the numbers of patients 
available for treatment are decreasing whereas an increase in both treatment and 
diagnostic rate is actually necessary in order to meet with the World Health Organization 
(WHO) HCV elimination targets set for 2030 1,3,4. This trend demands for development 
and implementation of effective case finding strategies in order to prevent an impending 
‘diagnostic burn out’ in the next ten years 5. The definition of HCV case finding is twofold: 
1) identification of undiagnosed HCV patients and; 2) tracing of previously diagnosed 
however lost to follow-up (LFU) HCV patients, i.e. retrieval. In the Netherlands, the exact 
number of undiagnosed HCV-positives is estimated at around 17,000 patients (0.1% of the 
Dutch population) although experts argue that the real number may in fact be lower 3,6. 
For instance, a large high prevalence birth cohort screening project (n=3,434 patients) 
did not discover any active HCV infections 7. With respect to tracing LFU patients, 23.6% 
of the Dutch HCV/HIV coinfected patients in the Athena cohort had not been retained 
in care in 2017 8. In addition, several small local Dutch retrieval programs described up 
to 38% of LFU HCV patients 9–11. These retrieval-projects that endeavored to bring LFU 
HCV-infected patients back into care reported a relatively low yield with 0-20% of LFU 
HCV patients traced. Barriers at the physician-level (e.g. retrieval performed by general 
practitioners with limited time and knowledge on HCV) and also at the patient-level (e.g. 
the obligatory deductible excess of healthcare insurance) may explain the modest turnout. 
The high amount of LFU observed at outpatient hepatology clinics urges for further action. 
For this reason, our research-group initiated the largest retrieval project of its kind to date, 
covering the entire Utrecht province with over 1.2 million inhabitants (REACH-project) 12. 
The REACH-project aimed to investigate the feasibility of elaborate regional HCV retrieval 
and to report on the number of LFU HCV patients. Also, we aspired to design a pragmatic 
and universal retrieval and micro-elimination strategy to support future regional and 
national retrieval initiatives.
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METHODS

Province of Utrecht 
The Province of Utrecht spans 144,915 hectares and consists of 26 municipalities with a 
joint population of over 1,200,000 inhabitants 12. Utrecht is the oldest and smallest province 
in the Netherlands and is also one of the most densely populated. 

Figure 1. Detailed overview of necessary preparatory and executive steps for successful hepatitis 
C retrieval

P1
Inventory

P2
Preparation

P3
Execution

P4
Follow-up

· Write retrieval protocol
· Inform with local METC

about procedures

· Apply for METC approval
· Generate list with laboratory

HCV diagnostics
· Screen medical records to

identify LFU HCV patients
eligible for retrieval

· Extract up-to-date contact
information from population
registers

· Contact eligible HCV
patients directly or through
PCP for reevaluation

· Refer traced HCV patients
to hepatitis treatment center
for DAA treatment

· Include all HCV patients in
(national) registration
system

· Inform PCP about the
reevaluation outcome

 

Abbreviations: DAA, direct-acting antiviral; HCV, hepatitis C virus; LFU, lost to follow-up; METC, 
medical ethical research committee; P, phase; PCP, primary care physician.

REACH-project design
All four hospitals in the Utrecht province (University Medical Center Utrecht, Diakonessen 
hospital, St. Antonius hospital and Meander Medical Center, all designated hepatitis 
treatment centers) and the regional laboratory diagnostic center for primary care 
physicians (Saltro) participated in the REACH-project. A regional working group was 
established in order to reach broad consensus on the retrieval-protocol. This working-
group included Medical Microbiology, Infectious Diseases and/or Gastroenterology and 
Hepatology specialists from each center and also public health and general practitioner 
physicians. A detailed project overview describing the necessary preparatory and executive 
steps for successful regional retrieval is depicted in Figure 1. As a first step, a standardized 
computerized query of laboratory test results from the years 2001-2015 was generated 
to retrieve all positive HCV IgG, HCV immunoblot and/or HCV RNA tests. From Saltro, 
tests results were only available from 2009 onwards due to a change in the Laboratory 
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Information Management System. The test results were linked to patient clinical records 
after which a chart review followed to determine the HCV status of each individual. The 
following case-definitions were used in the screening-process: a) chronic HCV when the 
last available HCV RNA was positive; b) cured HCV infection when last available HCV 
RNA was negative with a minimum of 12 weeks after end of documented treatment in 
combination with an immunoblot confirmed positive HCV IgG (possible chronic HCV 
if HCV RNA was negative less than 12 weeks after end of treatment); c) cleared HCV 
infection in case of a positive HCV immunoblot in combination with the last HCV RNA 
being negative without a history of HCV treatment; d) false positive test results if positive 
HCV IgG was followed by a negative HCV immunoblot or if seroreversion of positive HCV 
IgG/immunoblot had occurred due to disappearance of maternal antibodies; e) possible 
chronic HCV in case of a positive HCV IgG/immunoblot without an available HCV RNA. 
Individuals with a (possible) chronic HCV were deemed lost to follow-up and eligible for 
retrieval if all the following inclusion criteria were fulfilled: 1) no documented or planned 
treatment at the last outpatient visit; 2) no scheduled follow-up appointment at any 
hepatitis treatment center in the Utrecht region and 3) available contact information in 
the Netherlands. The year of LFU was defined as the year of the last outpatient visit or 
the year in which the last HCV blood test was done. The year of the first positive HCV test 
was used as a proxy for the duration of HCV infection. All individuals eligible for retrieval 
were invited in Dutch writing to visit the outpatient clinic for a medical checkup including: 
medical history taking, physical examination, laboratory assessment (hemoglobin, 
leucocytes, thrombocytes, creatinine, albumin, bilirubin, alanine transaminase, aspartate 
transaminase, gamma-glutamyl transferase, alkaline phosphatase, partial thromboplastin 
time, quantitative HCV RNA and HCV genotype) and a fibroscan. Patients were not charged 
for this first visit, which was explicitly mentioned in the invitation letter. Any following 
hospital visits including DAA therapy were fully reimbursed by the mandatory Dutch 
health care insurance with exception of the obligatory deductible excess which amounted 
to 385 euro per year in 2017 and 2018. In case of non-response, patients received a reminder 
after a period of four weeks and, if possible, were contacted by phone two weeks thereafter. 
Case ascertainment or response rate was defined as established patient contact with a 
(verbally) confirmed HCV status and was considered failed in the event of non-response. 
All reevaluated patients were asked for the main reason for the previous loss to follow-up 
at the outpatient clinic with one open question. They were also invited to subsequently 
participate in a semi-structured interview for further qualitative analysis of the underlying 
perceptions and motives. After the outpatient visit, all patients with a confirmed chronic 
HCV infection were referred to the nearest hepatitis treatment center for DAA-therapy. 
The complete project period (from the first invitation until the last patient reassessment) 
lasted 9 months. At the re-evaluation visit, HCV RNA was qualified using Cobas Ampliprep 
& Cobas TaqMan HCV test, Roche (lower limit of detection 15 IU/mL). HCV genotype 
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was determined by sequencing the NS5B + 5’UTR region with the The DeepChek® Assay. 
The Fibroscan® (Echosens, Paris) was used for the staging of liver fibrosis according the 
METAVIR classification: <7.1 kPa no or minimal fibrosis (F0-F1); 7.1 – 9.4 kPa moderate 
fibrosis (F2); 9.5-12.4 kPa severe fibrosis (F3); ≥ 12.5 kPa cirrhosis (F4) 13.

Ethical considerations
In the Netherlands, the medical professionals’ duties of care to patients are described 
in the Medical Treatment Agreement Act (WGBO). The WGBO requires physicians to 
keep an updated patient medical record until 15 years after the end of the doctor-patient 
treatment agreement. In line with the duty of care legislation, patients were contacted 
by their hepatology / infectious diseases specialist (i.e. primary treating physician (PTP)) 
about the improved treatment options. If never referred before, patients were contacted 
by the Medical Microbiology specialist (i.e. secondary treating physician (STP) as defined 
by the Dutch Healthcare Inspectorate (IGZ)) 14). In the Netherlands, STPs are generally 
considered responsible for informing the PTP and patient about the diagnostics and/
or treatments related to their area of expertise. This definition was incorporated in our 
retrieval protocol and agreed upon by the medical research ethics committee (METC). The 
METC waived the need for informed consent in order to contact individual patients. Before 
contacting each patient, the Basic Registry of Persons (BRP) was consulted based on the 
individual’s citizen service number (BSN) to obtain up-to-date contact information. The 
patient’s general practitioner received notification of the invitation. 

Statistical analysis
Continuous data are reported as medians with interquartile range (IQR). Discrete variables 
are described as absolute and relative frequencies. Differences between subgroups were 
tested for statistical significance by Mann-Whitney U-test or Chi-square test, as appropriate. 
A two-sided p-value <0.05 was considered statistically significant. SPSS version 24.0 (IBM, 
Armonk, New York, United States) was used for statistical analyses and GraphPad Prism 
version 6.0 (GraphPad Software, La Jolla California USA) for creating graphics.
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Figure 2. Flowchart of screening positive hepatitis C diagnostics from the years 2001-2015 and 
reevaluation outcome of traced patients
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RESULTS

Results of screening positive HCV laboratory diagnostics
Microbiology analysis resulted in a total of 2,487 unique HCV-positive tests (Figure 2). 
After chart review, 1913 (possible) chronic HCV patients were identified of which 14.1% (269 
persons) were identified as LFU and eligible for retrieval and were invited for reevaluation 
at the outpatient clinic. Of those, 67.3% (181 persons) were native to the Netherlands, 30.5% 
(82 persons) had a migration background and of 2.2% (6 persons) the country of birth was 
unknown. Of the 269 invited patients, nearly half still resided in the Utrecht province (47.4 
%, 127 persons) during the REACH-project whereas the remaining persons lived outside 
the Utrecht region. 

Figure 3. Year of loss to follow-up of all invited and traced patients

Black bars: lost to follow patients eligible for retrieval. White bars: all traced patients.

Results of retrieval
At the end of the project, case-ascertainment was established in 43% (N=116) of all invited 
patients. The response rate was significantly higher for the Utrecht residents in comparison 
to individuals from outside the region (61% vs. 28%, p<0.05) and males 
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Figure 4. Follow-up of 42 traced patients with persistent chronic hepatitis C infection
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up	

* 3 patients with SVR, 19 with current and 3 with scheduled treatment.

were more likely to respond compared to females (51% vs. 40%, p=0.10). A total of 47 
HCV patients (17.4% of those invited) were reevaluated at our outpatient clinic (Figure 
2). Reevaluated patients had a median age of 54 years (IQR 48-62) and a median BMI of 
24.5 (IQR 22.8-29.1), 66% was male, 2% had a concomitant chronic hepatitis B virus (HBV) 
infection and none had a history of a Human Immunodeficiency Virus (HIV) infection. 
The yield of HCV retrieval was substantially higher in those HCV infected still living in 
the Utrecht region, of whom 28.3% was traced (36/127 persons), compared to those residing 
outside the Utrecht area (7.7% reevaluated, 11/142 persons; p<0.05). Reevaluated patients 
living outside the Utrecht province were substantially more often male in comparison with 
the individuals with a residency situated in the Utrecht province (100% vs. 56%, p<0.05). 
Retrieval of HCV infected was equally effective amongst Dutch-born HCV infected (16.6% 
traced, 30/181 persons) compared to those with a migration background or unknown 
country of birth (19.3% traced, 17/88 persons; p=0.61). Finally, the occurrence of LFU in 
HCV patients was equally distributed over the retrieval period (2001-2015) (Figure 3). Yet, 
more than half of all of traced patients (53.2%) were LFU during the most recent five years 
(2011-2015) and the remaining reevaluated HCV patients had their last outpatient visit 
before 2011. 
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Table 1. Patient characteristics of chronic hepatitis C infections at time of 
reevaluation

N = 42

Age (yrs.), median (IQR) 55 (50 - 62)

Male gender, n (%) 27 (64)

BMI (kg/m2), median (IQR) 24.3 (22.8 – 28.4)

Country of birth, n (%)

Netherlands 29 (69)

Other 13 (31)

Years of HCV infection, median (IQR) 9 (5-12)

Fibrosis stage, n (%)

F0-F1 21 (50)

F2 11 (26)

F3 4 (10)

F4* 6 (14)

HCV genotype, n (%)

1a 20 (48)

1b 10 (24)

1c 1 (2)

2 2 (5)

3 4 (10)

4 5 (12)

Baseline HCV RNA (log 10 IU/mL), median (IQR) 6.27 (5.9 – 6.5)

Peg-IFN/RBV experienced, n (%) 7 (17)

 Mode of transmission, n (%)

Intravenous drug use 32 (76)

Blood products 5 (12)

Vertical transmission 1 (2)

Unsafe sexual activities 1 (2)

Needle prick injury 1 (2)

Unknown 2 (5)

Baseline blood tests, median (IQR)

ALT (U/L) 51 (26 - 86)

Albumin (g/L) 42 (39 – 44)

Bilirubin (µmol/L) 10 (8 – 13)

Prothrombin time (sec) 13.6 (13.1 – 14.0)

* Child Pugh score A = 5 patients, Child Pugh score B = 1 patient. Due to 
rounding, percentages may not exactly reflect the absolute figures.
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Results of assessment
After all 47 outpatient assessments, 42 individuals turned out to have a persistent chronic 
HCV infection. The three main reasons for previous loss to follow-up, as indicated by the 
patients, included: 1) treatment deferral in anticipation of DAAs becoming available (41%); 
2) substance abuse problems (19%) and 3) no available treatment options at the time (10%). 
Of these 42 patients, 76% had a history of intravenous drug use and 69% was born in the 
Netherlands. The median duration of HCV infection was 9 years (IQR 5-12 years) and 24% 
had reached an advanced fibrosis stage (Metavir F3-F4) (Table 1). Median follow-up time 
from the moment of the first outpatient assessment to the writing of this manuscript was 
8 months (IQR 6-10). In the follow-up period, 25 of the retrieved chronic HCV patients 
(59%) were either cured after DAA therapy (N=3), had pending treatment results (N=19) 
or were scheduled for DAA therapy (N=3) (Figure 4). Prescribed regimens were mainly 
sofosbuvir-based (86%, 19 patients), 10 combined with ledipasvir and 9 with velpatasvir. 
The remaining 3 patients were treated with the elbasvir / grazoprevir combination. Of 
the 17 patients who have not initiated treatment, 5 did not attend further appointments, 
10 were still in outpatient follow-up and in 2 cases the treating physician refrained from 
therapy due to the patient’s comorbidity.
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DISCUSSION

The REACH-project investigated the feasibility of (regional) HCV retrieval of previously 
diagnosed patients by means of reviewing positive HCV diagnostics from the past 15 years. 
To our knowledge, it constitutes the largest HCV retrieval project ever conducted. The overall 
response rate of 43% was deemed satisfactory and significantly better in individuals still living 
in the Utrecht province (61% vs. 28%). In total, 17.4% of those patients eligible for retrieval 
were traced and reevaluated. Retrieval restricted to the region demonstrated a substantially 
higher yield (28.3%) compared to retrieval pursued outside of the province (7.7%). Our 
regional retrieval results of 28.3% exceed the efficacy of previous retrieval efforts executed 
in the Netherlands (0-20%) that have all been performed locally 9–11. More importantly, it 
resulted in (scheduled) DAA therapy initiation in the majority of patients brought back 
into care: 25 patients (59%) were either cured (N=3), had pending treatment results (N=19) 
or were scheduled for DAA therapy (N=3). Of all re-identified chronic HCV-infected, 24% 
had already progressed to an advanced fibrosis stage (Metavir F3-F4). In order to prevent 
further liver-related complications it is essential that these LFU HCV patients be retrieved 
and provided with DAA-treatment and adequate follow-up. Therefore, HCV patient retrieval 
through screening of past test-results constitutes an effective case-finding strategy that can 
substantially contribute to final HCV elimination. The framework of REACH, depending 
on national privacy regulations, can be used for other regional or nationally coordinated 
retrieval aspirations. The REACH-initiative served as a micro-elimination pilot-study and 
subsequent nationwide roll-out (CELINE) is scheduled to start in 2018 15. 

In its core design, REACH did not greatly differ from preceding retrieval attempts as all 
designs included retrieval of patients based on past positive HCV tests. In contrast to other 
endeavors that requested general practitioners to reevaluate HCV carriers, REACH-project 
patients were invited directly at the outpatient clinic without interference of the general 
practitioner. By minimizing the number of links in the chain of care in this manner, and 
offering the first check-up visit free of charge, the success rate of renewed linkage to clinical 
care has been increased. Patients could be contacted directly by either their primary or 
secondary treating physician and, if possible, contact details were updated prior to this 
through checking of the Basic Register of Persons (BRP) 14. 

In order to achieve complete HCV elimination, a 100% case ascertainment rate and retrieval 
success was aspired. However, a considerable proportion of the ever (possible) chronic 
HCV-infected (10.7%) was not eligible for retrieval as no contact details were registered 
in the BRP. A possible explanation may be that these patients are currently homeless or 
have moved abroad since a substantial number of them (45.6%) were asylum seekers or had 
been tested in detention previously. In the retrieval project of Beekmans et al., prisoners 
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and asylum seekers were also identified as important groups in the LFU population 9. Both 
refugees and those imprisoned are to be considered target populations for enhanced case 
finding efforts. Case-finding is already recommended by the National Health Council for 
individuals in detention, based on a high HCV prevalence in Dutch detainees 16. Dutch 
National restrictions on reimbursement of DAA therapy for asylum seekers and prisoners 
currently however diminish the feasibility of such efforts. 

In the REACH-project, response rate was 43% and tended to higher in males compared 
to females (51% vs. 40%, p=0.10). In contrast, retrieval success was not related to gender 
differences (21% of females traced vs. 16% of males, p=0.38). Female gender however has 
been previously associated with diminished HCV treatment uptake 17,18. Higher physician 
awareness of barriers to therapy assessment and uptake may improve future diagnosis, 
referral and treatment of HCV infection. 

About one third (30.5%) of all patients eligible for retrieval had a migration background. 
This proportion is relatively small since several studies estimate that first-generation 
immigrants account for the majority of chronic HCV infections (41-71%) in the Netherlands 
6,19. A possible explanation could be that a large number of HCV-infected persons with 
a migration background remain undiagnosed. On the other hand, past estimates on 
Dutch HCV prevalence have high uncertainty and the total number of HCV-infected in 
the naturalized Dutch populations may actually be smaller than previously assumed. 
The majority of all traced patients had a history of intravenous drug use (IDU) (76%). 
This suggests that barriers to HCV therapy among persons who (have ever) inject(ed) 
drugs (PWID) have yet to be resolved in spite of several Dutch initiatives to increase the 
awareness of HCV and uptake of testing among PWID 20. Of the five patients (12%) who 
did not attend further follow-up appointments after the REACH project, three persons 
had an active substance abuse problem. Interventions such as community-based nurse led 
programs have been shown to enhance linkage to care and therapy uptake in PWID and 
should be considered for implementation 21. 

When considering different case-finding strategies (retrieval vs. screening), retrieval seems 
more efficient as the REACH-project identified a substantial higher absolute number of HCV 
patients in comparison with various regional Dutch HCV screening projects performed in 
both the general population as well as in high-risk groups (0-10 persons per project, i.e. 
0.1-4.8%) 7,22–28. This can partly be explained by the high number needed to screen in a low 
prevalence region like the Netherlands. A nationwide information campaign identified 257 
HCV carriers in a PWID population all though it was not specified what proportion had 
been newly or previously diagnosed. The referral rate was high with 76.8% 20. Treatment rate 
however was not described in previous projects and could not be compared with REACH.
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The REACH-project had some limitations. One drawback of logistical nature was that 
the reevaluation of traced patients, for pragmatic (i.e. facilitating full reimbursement of 
outpatient visit) and organizational (i.e. availability of fibroscan) reasons, took place at 
only one of the four participating hepatitis treatment centers. All though the first visit was 
offered free of charge, some patients perceived this as a barrier to attend the outpatient 
clinic due to a (relatively) larger traveling distance and unfamiliarity with the specific 
hepatitis treatment center. Again, also taking into account the higher rate of non-response 
in patients who lived out of the Utrecht province (72% vs. 39%, p<0.05), it seems that HCV 
retrieval would be most feasible if performed locally and perhaps even at the primary 
healthcare level. A second drawback of REACH was the time and financial investment 
that was required (i.e. full-time PhD-student salary for a year and costs of laboratory tests 
and fibroscan). A study on the cost-effectiveness of REACH is currently underway for 
further evaluation. In the future, retrieval projects may also be nurse-driven in contrast 
to the physician-managed REACH-project. Under supervision of an Infectious diseases or 
Hepatology specialist, a nurse specialist could be in charge of all phases of the retrieval 
process which may be more economical compared to the current REACH-project.

In conclusion, lost to follow-up HCV patients can effectively be retrieved through 
screening of past laboratory diagnostics (even up to 15 years back). It is essential to pursue 
treatment for all HCV patients, both from the individual’s perspective as well as from an 
epidemiological point of view since further reduction of the reservoir will contribute to 
the goal of final HCV elimination. Retrieval should especially be aspired by low endemic 
countries like the Netherlands who might face a diagnostic burn out in the near future.
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ABSTRACT

Background: In the Netherlands, approximately 200 patients die annually from a chronic 
hepatitis B (CHB) infection, even though effective antiviral treatment is available. There 
are an estimated 49,000 Dutch CHB patients. Many of these patients have been lost to 
follow-up (LFU) over time. The study aimed to trace LFU CHB patients in the province of 
Utrecht and bring them back into care.

Methods: Positive hepatitis B surface antigen (HBsAg) tests from 2001-2015 were collected 
from the four hospitals in the Utrecht province and were linked to medical records. The GPs 
were requested in writing to evaluate LFU CHB patients and to refer patients when needed. 
In addition, GPs were asked to fill out a questionnaire on the patients’ characteristics and 
also to indicate reasons for not being able to perform an evaluation.

Results: A total of 2,242 chronic CHB patients were identified based on HBsAg positive 
serology. After review of their medical records, 599 (27%) patients were eligible for retrieval. 
Of those, the GP response rate was 49% (n = 292) and 62 patients (10%) of the eligible 
CHB patients could be evaluated. Of these, 20 patients (3%) were referred to a hospital 42 
patients (7%) did not have an indication for referral. 

Conclusion: Lost to follow-up CHB patients can be traced through screening of past 
positive HBsAg tests. There was willingness among GPs to participate in the retrieval of 
CHB patients. This may contribute to the reduction of the CHB related burden of disease.
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INTRODUCTION

In the Netherlands, approximately 200 people die annually from the consequences of 
hepatitis B virus infection 1. With an estimated prevalence of 0.34% for chronic hepatitis B 
(CHB) in the Netherlands, there are roughly 49,000 patients who are chronically infected 
2. The current availability of new and effective treatment modalities for CHB leads to 
more patients being eligible for treatment, which reduces liver-related morbidity and 
mortality. However, many patients who were once diagnosed with CHB are no longer in 
care and are therefore, unaware of these new treatments 3 . Several regional CHB retrieval 
projects described a loss to follow-up (LFU) rate up to 65% 4-6. For this reason, in 2014, the 
Dutch National Institute for Public Health and the Environment (RIVM) requested that the 
various parties involved retrieve and evaluate patients once diagnosed with CHB and offer 
them treatment 7. This aligns with the goals of the Dutch national plan on viral hepatitis 
and the World Health Organization (WHO) targets to prevent or even eliminate further 
distribution and burden of disease as a consequence of viral hepatitis 8,9. 

In September 2016, the University Medical Centre Utrecht (UMCU) partnered with the 
hepatitis treatment centres and the Public Health Services (GGD) in the Utrecht region 
and initiated the REACH (REtrieval And Cure of Chronic Hepatitis C) project. This project 
entailed retrieval of patients with chronic hepatitis C who were no longer in care to provide 
them with a (serologic) evaluation and an appropriate treatment plan 10. Following the 
REACH project, the GGD started with the retrieval of patients who were previously 
diagnosed with CHB but were LFU. In contrast to patients with hepatitis C, not every 
patient with hepatitis B qualifies for treatment. This made the retrieval project for these 
patients less applicable. As the decision to begin treatment is dependent on multiple 
parameters such as the HBV viral load, liver fibrosis stage, and degree of inflammation, 
adequate care for a patient with CHB includes not only treatment in a hepatitis treatment 
centre, but also periodic follow-up by the general practitioner (GP) 11,12. This article describes 
the results of this hepatitis B retrieval project in the Utrecht region in the Netherlands, 
which constitutes the largest CHB retrieval project to date.
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MATERIALS AND METHODS

The four hospitals in the Utrecht region (University Medical Centre Utrecht (in 
collaboration with Gelderse Vallei Hospital), Diakonessenhuis, St. Antonius Hospital, and 
Meander Medical Centre; all designated hepatitis treatment centres) participated in this 
project. For each hospital, a list was compiled of all patients with a positive HBsAg result 
in the period from 2001 to 2015. The chosen 15-year time period was based on the care 
provider’s duty of care, which includes keeping patient medical records for 15 years after 
the end of treatment and informing the patient when new treatments become available. 
In accordance with this duty of care legislation and the Dutch Medical Treatment Act 
(WGBO), the medical microbiologists directly involved in the treatment were allowed to 
exchange information with the patient’s GP 7. Electronic medical records were reviewed to 
determine whether a patient qualified for (serologic) evaluation by the GP. Patients qualified 
if they (1) had a chronic hepatitis B infection (i.e., the last available HBsAg was positive 
and measured between January 1st, 2001 and December 31st, 2015); (2) were not currently 
undergoing treatment or being followed-up by a medical specialist (i.e., no appointment 
was scheduled after January 1st, 2016); (3) lived in the Utrecht region; and (4) the name and 
address of their GP was available. Other relevant information on demographic, clinical, 
and laboratory data, such as country of origin and hepatitis A status, were extracted from 
the electronic medical records. Of the patients who qualified based on the predefined 
inclusion criteria, the GP was requested in January 2018 in writing, to evaluate the patient 
in agreement with the ‘guideline on viral hepatitis’ from the Dutch College of General 
Practitioners (NHG) and to refer the patient accordingly if necessary (i.e., in case of raised 
ALT levels, a positive HBeAg or an HBV-DNA ≥2000 IU/mL) 11. Moreover, GPs were asked to 
fill out a questionnaire with questions on patient characteristics (see Table 1) and hepatitis 
A status, and to indicate reasons for not being able to perform a re-evaluation. If a patient 
was no longer registered at the GP’s practice, the GP was asked to contact the investigator 
and, if known, provide the name of the current GP. Both data from the questionnaires and 
information from contact with the GPs via telephone or email were collected. The GPs 
were asked to evaluate the patient and/or return the questionnaire within six months. 
Thereafter, it was ascertained whether the patients who were referred by the GP did indeed 
visit the hospital. 
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The execution of this retrieval project took approximately 350 hours. The majority of time 
was spent on the review of the patients’ electronic medical records. The Medical Research 
Ethics Committee (METC) of the University Medical Centre Utrecht (METC code 041, file 
number 12-409) declared that the Dutch Medical Research Involving Human Subjects Act 
(WMO) did not apply to this project and had no objection to the execution of this study.

Statistical analysis 
Continuous data are reported as means with standard deviation (SD) and discrete variables 
in absolute and relative frequencies. Descriptive statistics were generated with IBM SPSS 
Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp.
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RESULTS

Initially, 3,240 unique positive HBsAg test results between the years 2001 and 2015 were 
extracted from the laboratory records of the four participating hospitals (Figure 1). After 
review of the patients’ medical records, 2,641 patients were not suited for retrieval: 998 
patients (38%) did not have a chronic hepatitis B infection (e.g., seroconversion or false 
positive), 912 patients (35%) never lived or no longer lived in the Utrecht region, and 359 
patients (14%) had visited a specialist for their CHB after January1st, 2016 and were therefore 
not considered to be LFU. 

A total of 599 evaluation requests and questionnaires were sent to GPs and 14 letters were 
resent after having received updated contact information of the GP. The demographic and 
clinical characteristics for the 599 patients who qualified for evaluation are summarized 
in Table 1. The patients had an average age of 46 years (± 13 SD) and 50% were male. The 
country of origin was known in 53% (n = 316) and this group predominantly consisted of 
Dutch (17%, n = 55), Turkish (13%, n = 42), and Chinese (12%, n = 39) patients. The hepatitis 
A status was determined in 343 patients (57%) and 287 (84%) of those were found immune 
for this viral infection.

The GP response rate was 49% (n = 292) and the replies consisted of 147 filled out 
questionnaires and 145 emails and phone calls. Of those, 79% (n = 230) could not be 
evaluated, mainly because the patient had relocated (29%, n = 67) or was no longer registered 
with the GP (23%, n = 52), and follow-up information was unavailable. The remaining part 
(21%, n = 62) was evaluated by the GPs. 

Of the evaluated patients, 42 patients (68%) did not have an indication to be referred to 
a hospital according to the NHG guideline and 20 patients (32%) were referred. Of the 
referred patients, 14 had visited a hepatitis treatment centre, an appointment was planned 
for two patients, and four patients had made an appointment but did not attend. Of the 14 
patients who have already visited the outpatient clinic, one started treatment. For the other 
13 patients, at the writing of this manuscript, there is either no indication to start treatment 
(n = 10) or they are still awaiting the results of additional laboratory testing (n = 3). 
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Figure 1. Flowchart patient selection process

Abbreviations: HBsAg, Hepatitis B surface antigen; HBV, hepatitis B virus; GP, general practitioner.
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Table 1. Patient characteristics

Patient characteristics Patients who qualified 
for evaluation 
n = 599

Average age, years (SD, range) 46 (13, 11-91)

Male sex, n (%) 299 (50)

Country of origin, n with known country of origin n = 316

The Netherlands, n (%) 55 (17)

Turkey, n (%) 42 (13)

China, n (%) 39 (12)

Morocco, n (%) 31 (10)

Suriname, n (%) 14 (4)

Other, n (%) 135 (43)

Hepatitis A, n immune / n with known hepatitis A status (%) 287/343 (84)

Abbreviations: n, number; SD, standard deviation.
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DISCUSSION

This study aimed to trace all LFU CHB patients in the Utrecht region in the Netherlands 
by means of screening past positive HBsAg results. At the end of the study, 10% of all LFU 
CHB patients eligible for retrieval had been evaluated by their GP and 3% were referred to a 
hepatitis treatment centre. The GPs were willing to participate in CHB care and retrieval as 
is reflected by the response rate of 49%. To our knowledge, this is the largest CHB retrieval 
project that has been conducted to date. Other Dutch CHB retrieval projects previously 
achieved response or evaluation rates of 44-70% but these cannot be directly compared 
with the current study due to different methods and LFU definitions that were used in 
each project 4-6. In the study of Beekmans et al., 44% of the invited patients were finally 
evaluated at the hospital. However, deceased patients and patients with an unknown GP 
had been completely excluded from the analysis, which could partly explain the higher 
success rate 6. The study of Spruijt et al. reported a GP response rate of 70% but this involved 
both hepatitis B and C patients and also included false-positive results 4. Beekmans et al. 
described that three CHB patients had an indication for antiviral therapy but not how 
many actually started treatment. One patient initiated treatment in the current study 
but this number may still increase since three patients were still awaiting the results of 
additional investigations 6. 

A total of 2,242 CHB patients were identified in the Utrecht province after evaluation 
of a 15-year time period. However, almost double the number of CHB-infected patients 
would be expected based on the prevalence of 0.34% and the Utrecht population size 
of almost 1.3 million inhabitants. Our numbers align with the nationwide notification 
data on CHB from the RIVM who also report a ~ 50% diagnosis rate when compared to 
the total population size estimates 13. All though differences in our study population size 
may partly be explained by local CHB prevalence differences and the exclusion of GP 
laboratory records from this project, it also suggests that a substantial number of CHB 
infected remain undiagnosed.

Because this project focused on the Utrecht region, 912 (41%) of the identified CHB patients 
who currently reside outside of Utrecht were excluded. This high number of non-Utrecht 
residents is probably inherent to the large total adherence area of the four hospitals 
combined. Also, GPs described asylum seekers as a very dynamic population as they were 
often relocated after initial testing for CHB had been performed by a nearby asylum 
seekers’ centre. Retrieval projects specifically targeting this risk group would therefore 
be a worthwhile future endeavour in our opinion. These could complement the Health 
Council’s (HC’s) recommendations to screen all asylum seekers from endemic countries 
for CHB 14. First-generation migrants are also included in the HC’s advice as they are, by 
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far, the largest subgroup affected by CHB in the Netherlands 2. More specifically, Turkey, 
Somalia, and China are the main countries of origin in Dutch CHB-infected first-generation 
migrants 15. This is also reflected in our population eligible for retrieval which included 83% 
of non-Dutch individuals and Turkey and China as the largest migrant groups. Only the 
Somalis seemed underrepresented in our study population compared to the nationwide 
estimates, however this could be due to the high proportion of unknown countries of 
origin in our group.

This retrieval had a positive effect on the renewed linkage to care of CHB patients and 
possible treatment initiation among GPs in the Utrecht region. In addition, a reinstituted 
periodic follow-up of CHB patients without referral indication is also considered a positive 
outcome of this retrieval effort. Through this project, the GPs have become reacquainted 
with the 2016 updated NHG guideline on viral hepatitis which now recommends indefinite 
periodic control of alanine aminotransferase and HBsAg in “inactive CHB carriers” 11. We 
anticipate that an increased number of GPs will resume this regular follow-up of CHB 
patients after this reintroduction.

Another positive effect that was expected from this project is the raised awareness of 
CHB among GPs, which may result in evaluation of other LFU CHB patients and also 
increased screening practices. Indeed, preliminary notification data of the GGD suggest 
enhanced screening efforts: the number of reported CHB in the six months after this 
project had increased to 44 in comparison with 32 notifications during the same period in 
2017. However, subsequent studies may need to confirm this assumption by following-up 
with the participating GPs over a longer period of time. A final positive side effect of this 
project was the multidisciplinary collaboration for this project, leading to a reinforcement 
of the regional healthcare network. 

The main drawback of this project was that the GPs’ laboratory records at the medical 
diagnostic centre Saltro, could not be included. Therefore, the LFU CHB patients who had 
never been referred to a hepatitis treatment centre could not be retrieved. Future retrieval 
initiatives should focus on tracing these specific LFU CHB patients and bringing them 
back into care. 

For the benefit of future HBV retrieval efforts, the key lessons learned were distilled from 
this project. First, written evaluation invitations should be short and straightforward 
and additional information for research purposes is preferably requested separately in 
order to optimize the evaluation response rates. For further time saving purposes, the 
NHG referral guidelines may best be summarized in the invitation letter. Second, it 
could be beneficial to offer the GP remote (tele-) supervision from a hepatitis specialist 
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since they often perceive hepatitis B serology as difficult to interpret and only have a 
few chronic HBV patients in their practice. Third, in order to optimize the GPs’ response 
rate, it is essential to learn more about the GPs’ perceived barriers and facilitators to 
participation in HBV retrieval projects.
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CONCLUSION

Lost to follow-up CHB patients can be traced through screening of past positive HBsAg 
tests and GPs are willing to participate in the retrieval of CHB patients. This may contribute 
to the reduction of the CHB related burden of disease.
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ABSTRACT

Background: In the foreseeable future, hepatitis C virus (HCV) patients with good 
healthcare access will all have been cured and the lost to follow-up (LFU) HCV-population 
will increasingly exist of hard-to-reach patients. Efforts to retrieve these HCV patients 
have been moderately successful so far. A deeper understanding of the reasons for loss to 
follow-up and the underlying processes is lacking.

Aim: To explore reasons for previous loss to follow-up in HCV patients who have been 
brought back into care.

Methods: In 2017, fifteen HCV patients who were evaluated at the University Medical 
Center (UMC) Utrecht Infectious diseases outpatient clinic as part of the “REtrieval 
And cure of Chronic Hepatitis C” (REACH)-project were included in this study through 
convenience sampling. Face-to-face semi-structured in-depth interviews were conducted 
and a qualitative analysis based on the grounded theory was applied.

Results: A basic socio- psychological process named “maintaining the achieved balance” 
was uncovered in LFU HCV patients. This “achieved balance” is the result of a transformative 
process following the initial HCV diagnosis. It is a steadfast stance in which participants 
keep HCV out of sight and in the margin of their lives in order to reestablish an optimal 
state of well-being. The balancing perspective is subsequently defended by repeated 
evasive behavioral patterns to avoid confrontation with the disease. 

Conclusion: The balancing perspective gives insight into why HCV patients were not 
retained in care but also why they remained LFU thereafter. Physicians should realize 
that this mindset can be persistent and repeated efforts may be needed to finally trace 
and retrieve these patients.
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INTRODUCTION

Over the past few years, treatment possibilities of the hepatitis C virus (HCV) have reached 
their full potential with highly efficient and tolerable pangenotypic direct-acting antivirals 
(DAAs) now being available 1,2. In order to achieve the World Health Organization (WHO) 
2030 elimination targets 3, focus in the field of HCV healthcare has shifted towards 
increasing the diagnosis rate, improving linkage to care but also promoting adherence 
and preventing loss to follow-up 4. Next to those undiagnosed, lost to follow-up (LFU) 
HCV-infected patients are an important source of untreated HCV patients 5. Following 
several small Dutch pilot retrieval projects, the REACH (REtrieval And cure of Chronic 
Hepatitis C) study aimed to bring LFU HCV patients back into care, describing that over 
the past 15 years up to 14% of all HCV patients were LFU and eligible for retrieval 5–8. 
The REACH-study achieved the highest retrieval yield with 28% of all local LFU HCV 
patients traced but this final turnout was still moderate at most. This may partially be 
explained by the abundant healthcare access barriers that occur in HCV risk groups and 
have extensively been described in both quantitative and qualitative studies 9–14. These 
barriers include unstable housing, limited knowledge on HCV, perceived stigma by HCV 
patients, lack of financial resources, competing (health) priorities, concomitant psychiatric 
disease, injection drug use, insufficient physician awareness and lack of referral. Limited 
studies are still available on patients’ perceived reasons for loss to follow-up and more 
importantly, the underlying processes have not been elucidated. Understanding why some 
patients stop attending the HCV outpatient clinic is essential to effectively target this LFU 
HCV population and also to improve retention-in-care. This is of particular importance in 
the near future when HCV patients with good healthcare access will all have been cured 
and the LFU HCV-population will increasingly exist of hard-to-reach patients for whom 
engagement strategies remain unclear.

The aim of this qualitative study is to explore reasons for previous LFU from a patient’s 
perspective in HCV patients that have been brought back into care through the REACH-
project. Furthermore, we aim to identify the key strategies that can be adopted in order to 
facilitate linkage to care in the remaining hard-to-reach HCV population and contribute 
to future HCV elimination. 
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METHODS

Study population
Between March through December 2017 HCV patients who were evaluated at the Infectious 
diseases outpatient clinic of the University Medical Center Utrecht (UMCU) as part of the 
REACH-project 5 were sampled conveniently. Sampling stopped after theoretical saturation 
was achieved 15. In short, the REACH-project aimed to retrieve and treat all LFU HCV patients 
in the Utrecht region. Positive HCV diagnostics from the past were screened and linked to 
clinical records. Those patients who were LFU and eligible for retrieval were invited to attend 
the outpatient clinic for reevaluation. Exclusion criteria for this study were: age<18 years and 
insufficient understanding of the Dutch language. The REACH-project identified 42 LFU 
HCV patients of which 3 were not eligible for inclusion due to language barriers. A total 
of 28 individuals were invited to participate in this study before theoretical saturation was 
achieved and 15 individuals agreed to be interviewed for this study. The reasons for refusal 
comprised of: memory defects (N=2), too emotional (N=2) and not otherwise specified (N=9).

Data collection
Face-to-face semi-structured in-depth interviews were conducted to elucidate the (main) 
reason for previous loss to follow-up and to clarify experiences, perceptions and attitudes 
towards HCV care and therapy. Conversations were guided by a pre-defined topic list. All 
qualitative interviews opened with the same introductory question: ‘What do you think is the 
reason that you have not been visiting the outpatient clinic of a hepatitis treatment center for 
your hepatitis C?’ The average interview duration was 30 minutes. If possible, interviews were 
combined with regular (reevaluation) outpatient visits at the Infectious diseases department 
in order to maximize the participation rate in this hard-to-reach group. Interviews were 
conducted by one female researcher of the study team (P.K.) who was initially supervised and 
trained by a health researcher specialized in qualitative research (S.V.). 

Data analysis
A qualitative approach based on the grounded theory 16 was adopted to explore reasons for 
previous loss to follow-up in LFU HCV patients who have been brought back into clinical care.
Digitally recorded interviews were transcribed verbatim and entered into the software 
program NVivo V.11 (NVivo qualitative data analysis Software; QSR International Pty 
Ltd. Version 11, 2017) to support the analysis process. The interview transcripts were 
systematically analyzed through a process of substantive and theoretical coding assisted 
by memos and visual aids such as tables and diagrams. Three consecutive coding phases 
were adopted: open, axial and selective. First, the interviews were read out in full and 
reread to grasp the details. Through initial open coding meaningful paragraphs were 
selected and coded and categories were named based on similarities. Related concepts 
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were identified from the different codes through subsequent axial coding. Finally, selective 
coding integrated all categories within a core category, which led to the formulation of 
our substantive theory. The analysis was performed by two researchers (P.K. & S.V.) who 
compared coding decisions and discussed any differences until consensus was reached. 
Theoretical saturation 18 was achieved through constant comparison of the designated 
codes and derived concepts until sufficient understanding of the emerged concepts and 
themes had been acquired. During the data analysis process, additional expert review was 
conducted by an Infectious diseases specialist ( J.A.) to evaluate if the derived concepts were 
fitting with clinical practice. The verbatim quotations in the result section were translated 
into English for the purpose of this manuscript. The index of qualitative variation (IQV) 19 
was calculated (0.00 = no variation, 1.00 = maximum variation) to measure the variability 
in the study sample in terms of gender, country of birth (Dutch vs. non-Dutch), fibrosis 
degree distribution, history of (I)DU and treatment experience.

Ethical considerations
This study (protocol No. 17-019/C) was found not to be subject to the Medical Research 
Involving Human Subjects Act (WMO) by the Medical Research Ethics Committee of the 
UMC Utrecht. Written informed consent was obtained from all study participants. 
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RESULTS

Participant characteristics and background
Characteristics of the 15 participants are presented in Table 1. There was high diversity in 
the study sample in terms of gender, fibrosis degree distribution and treatment experience 
(IQV of 0.96, 0.92 and 0.78 resp.) and moderate variation when considering history of (I)
DU and country of birth (IQV 0.64 for both). Those 13 patients who declined to participate 
were comparable with the interviewees in terms of age, gender, country of birth (Dutch 
vs. non-Dutch), history of (intravenous) drug use (IDU), fibrosis degree distribution and 
treatment experience (all p ≥ .05; data not shown). Previous intravenous drug use had been 
the main mode of transmission (N=12) in the study population and eight participants 
continued to use methadone replacement therapy. In addition, seven participants were 
still using hard and / or soft drugs on a regular basis at the time of the interview. Some 
had been incarcerated or homeless and eight participants were currently unemployed, 
incapacitated or retired.

Maintaining the achieved balance as the basic process to explain loss to follow-up
This study uncovered ‘maintaining the achieved balance’ as the basic socio-psychological 
process for HCV patients who were lost to follow-up in our population (Figure 1). This 
‘achieved balance’ is the result of the process that patients have gone through after initially 
having been diagnosed with chronic hepatitis C. This achieved balance means that these 
patients, in a certain way, have come to terms with the fact that they are HCV-positive 
but want to keep it out of sight and in the margin of their lives. It is a state of relative 
comfort in which they do not want to act upon their chronic infection or be confronted 
with it. This stance elucidated why patients were lost to follow-up and further on, this 
attitude continued to manifest itself in the way that patients dealt with HCV related issues 
that crossed their path. ]First, the process from the initial HCV diagnosis to the achieved 
balancing perspective is described. Second, the current practices that patients employ in 
order to maintain the achieved balance are outlined.

From receiving the diagnosis to achieving a state of balance
Following the HCV diagnosis, patients went through a transformative process during 
which they compartmentalized their thoughts and feelings. Participants described 
initial emotional reactions upon receiving the HCV diagnosis such as “shock,” “fear” and 
thinking that “this can’t be right.” They experienced stigmatization and were confronted 
with feelings of guilt for having been at risk for the infection. In addition, they had to 
deal with disappointing treatment prospects. In each of these areas, the participants 
exhibited balance seeking behavior and made important choices in order to adapt to this 
life changing event and to finally achieve a new balance.
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Figure 1. How lost to follow-up hepatitis C patients achieved and maintained a balancing perspective

Dealing with stigma and feelings of guilt
From the beginning onwards, perceived stigma associated with the hepatitis C infection 
vastly influenced the participants’ attitude towards the disease and they were subjected 
to negative opinions and prejudices, frequently from within their (personal) environment. 
Some spoke about people associating the liver infection with injecting drug use, HIV and 
homosexuality. 

“Of course people are going to think: Whoa, hepatitis C, drug use, dangerous disease, we don’t 
want to… They associate it with HIV... because people know nothing about hepatitis C, B and A. 
That’s what they compare it with, because you are a drug user.”

Participants reacted to these preconceptions by keeping the infection hidden from the 
outside world. Usually only their most inner circle was informed about their HCV but also in 
this safe setting they still encountered judgement. By stowing the HCV far away in the back 
of their mind and by avoiding any confrontation with the disease, a relative peace of mind 
and sense of balance was eventually obtained. Feelings of guilt seemed to further contribute 
to their state of acquiescence. Some participants gave the impression to be struggling with 
these emotions thinking “I have done this to myself and should be glad to even be alive” 
and “It’s my own fault, so if there’s no drug then that’s that.” It motivated them to accept 
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the consequences of the infection but it also reinforced their determination to bury their 
thoughts of HCV and move on. Both stigmatization and feelings of guilt thus constituted 
part of the reasons that the interviewees got out of touch with the healthcare system.

No acceptable therapeutic options available
Another major factor that accelerated the pace towards achieving a new balance included 
the (lack of) available therapy options. At a certain point, for many participants, treatment 
had been deferred for a variety of reasons including unstable social and living conditions, 
progressive liver disease and the prospect of the DAAs potentially becoming available. 
Not receiving treatment had been disappointing for some who said they “really wanted to 
receive therapy” or felt “shunted off” by their doctor. On the other hand, other participants 
had refused treatment because of the (unacceptable) side-effects and cure rates of 
pegylated-interferon (PEG-IFN) and consequently concluded there was no (tolerable) HCV 
therapy available: “I thought to myself: “I have got it and there is no drug.” Yeah, there is 
something but it will make you sick as a dog so…” Feeling forced to come to terms with 
such an undesirable situation greatly affected their disease management and propelled 
them into a balance where the HCV was marginalized. Altogether, participants finally 
managed to deal with the life altering HCV diagnosis by creating a tolerable but also 
resistant balance life where the thought of HCV was kept firmly out of sight. After months 
or years of living with HCV, participants became accustomed to being chronically infected 
as “these feelings (of shock) wear out,” “the HCV has moved to the background” or emotions 
are “suppressed.” 

Hepatitis C became a way of life with behavioral interventions
Over time, participants more or less acclimatized to the HCV and most of them made certain 
lifestyle adjustments that took their infectious state into account. For instance, concerns 
about transmitting HCV to their children, roommates and sexual partners prompted some 
interviewees to incorporate general preventative measures including keeping “razors and 
toothbrushes to myself” and preventing anyone to come in contact with their blood in case 
of cuts and wounds. In addition, participants attempted to negate the detrimental effects 
of the chronic infection through optimization of their general health and liver condition by 
“reading how to keep the liver healthy”, “refraining from alcohol and drugs,” “exercising and 
eating healthy” and also by taking homeopathic remedies. These precautions became a way of 
life and brought about a (false) sense of comfort in which they need not worry about the HCV.

Maintaining the achieved balance
In spite of their clear comprehension of the possible repercussions of chronic hepatitis C, 
participants seemed adamant about maintaining their relatively tranquil state of balance. 
They realized that the hepatitis C “eats away your liver” and “prevents the blood from being 



105

In-depth interviews REACH

6

purified.” In addition, the HCV infection was perceived as “a ticking time bomb” and some 
interviewees “knew people who had died from it.” Even so, the participants exhibited a wide 
variety of evasive behavior to avoid confrontation with the HCV including: prioritizing 
other social issues, clinging to past treatment images, misuse of misconceptions to justify 
behavior, explaining away signs and symptoms and persisting in the passive patient role. 
These different conducts were all directed at keeping the balance in their daily life by 
consciously sidelining the HCV.

Prioritizing other social issues
Many participants deprioritized the HCV below their other social responsibilities in order 
to keep the infection muffled away and to sustain the state of balance. They spoke about 
various matters that dictated their everyday life and overshadowed having chronic HCV. 
The topics that they referred to included having multiple young children, managing 
ongoing dependent drug use and having several comorbidities, which caused a more 
substantial burden of disease compared to the HCV. The HCV was made subordinate to 
these issues and put on hold so the balance would be intact. 

Image of past treatment determines current ideas about treatment
A negative image of the available treatment and the necessary investigations for HCV 
prevailed among the participants. They persisted in this belief which facilitated them 
staying in their undisturbed balancing state. Even though only two interviewees had 
previously received PEG-IFN therapy, the majority was well informed about the side effects, 
either through their physicians or by peers who had received treatment. They also knew 
what chance of cure to expect from PEG-IFN treatment. Some had refused PEG-IFN therapy 
in the past: 

“I know someone who got interferon and it was a bad experience for him. Like mood swings. And 
it affects your fitness of course and maybe also your immune system. It is a kill or cure drug really 
and I wasn’t up for that in my situation.”

Three participants who underwent a liver biopsy experienced this as quite painful and said 
it prevented them from coming back out of fear of having to repeat the procedure. A liver 
biopsy constitutes an invasive diagnostic procedure and for long has been the method of 
choice to determine the stage of liver fibrosis in HCV patients. 

“That is when I checked out. It was really unpleasant, that was no joke. I really thought… well, I 
had two good liver biopsies but the last one was just terrible. I don’t know how it happened but 
I didn’t want to do that anymore.”
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The cumulative effect of such an unpleasant experience in addition to the negative image 
of PEG-IFN therapy made participants more determined to maintain the balance and avoid 
a new confrontation with their disease. 

Behavior is justified through misconceptions and by lingering in ignorance
Overall knowledge on HCV was low among the interviewees and misconceptions 
concerning the infection were common. Several of these misconceptions downgraded 
the severity of chronic hepatitis C and made it less important, which helped participants 
to maintain the balance. This was a recurrent pattern that was observed. Some individuals 
were under the assumption that they had cleared the chronic infection in the past but 
still came to the outpatient clinic to affirm this notion. This particular misconception had 
sometimes been instigated by general practitioners who had only determined antibodies 
and subsequently concluded that the infection had been cured. Another believed that his 
HCV was not “active” so he could not transmit it to others. This notion legitimized the 
participant not reaching out for care.

“I think my hepatitis C is not active so I believe I cannot transmit it to others. But I am not 
completely sure if that’s the case.”

The majority seldom actively sought updated information about HCV treatment probabilities 
and most were uninformed that novelties were to be expected. In addition, some did already 
learn about new HCV drugs with a shorter treatment course being available but had not 
looked into it deeper or followed-up on this information. In this manner, participants 
protected their balance and also avoided (new) disappointments. Again, misconceptions 
regarding the DAAs among the participants reinforced their stance as they thought it was 
all still “experimental” or that it was not available for their type of HCV. 

Explaining away possible signs and symptoms and persisting in the passive patient 
role
Participants were familiar with the predominantly asymptomatic course of chronic 
hepatitis C that could culminate in a notorious symptomatic end phase. Indeed, they 
frequently reported feeling physically well and denied having any HCV related symptoms 
at the time of the interview. However, whenever any (physical) complaints occurred in 
the past, participants often preferred to explain away the signs in order to safeguard their 
uncomplicated balance. Non-specific symptoms such as “fatigue” or a “general feeling 
of being unwell” were mostly assigned to other causes including “ageing,” “lack of sleep 
or exercise,” or “stress.” Some participants felt supported in this stance since they were 
repeatedly told everything was fine and that “the HCV was at rest or sleeping” during 
previous check-ups. For this reason, these outpatient visits were sometimes experienced 
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as superfluous. Worries about the chronic infection could thus easily be shrugged off and 
the balance would be secured. Some participants indicated that they would be alarmed 
by obvious signs of disease progression including “yellow eyes” and “changed stool” but 
also realized that these symptoms indicated that the disease had reached an end stage. 
Still, they preferred to sustain the balance by sidetracking the HCV and not visiting the 
outpatient clinic while these signs were still absent. In the same way, participants would 
reason away the concerns from their family and friends: 

“I think it was because of her that I had the previous investigations done. But in the end I will 
do what I want. She asked me if I didn’t need to visit the doctor for check-ups anymore. And I 
always said I would get to it”

Many interviewees had taken on a passive patient role and a recurrent explanation for 
not having attended the hepatology / infectious diseases outpatient clinic involved them 
awaiting a call from their physician. Not receiving notice from their doctor was interpreted 
as a reassuring sign. They did not take matters into their own hands but favored the 
comfortable balancing state instead. Others had been requested to make a follow-up 
appointment themselves within a couple of years or were encouraged to make inquiries 
about new therapy options. Participants however admitted that they probably would not 
have sought contact themselves had it not been for the reevaluation invitation letter. 
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DISCUSSION

When widespread implementation of universal DAA access has been realized, it will become 
increasingly important to identify and treat the LFU HCV patients in order to achieve final 
elimination 5. The LFU HCV population can only efficiently be targeted if reasons for loss 
to follow-up and underlying processes are sufficiently understood. This study identified 
‘maintaining the achieved balance’ as the basic socio-psychological process for LFU 
hepatitis C patients. Participants arrived at this balance through a transformative phase 
that followed the initial HCV diagnosis and they ended up marginalizing the HCV. The 
state of balance was shaped and influenced by different factors such as the natural history 
of HCV, the mode of transmission and the availability and burden of treatment. Further 
along the road, the balancing perspective was defended by repeated evasive behavioral 
patterns such as downplaying natural history of the disease or positively interpreting 
doctors’ messages. We hypothesize that the balance will be more unwavering in those 
patients who refused reevaluation (5%) and those who did not respond to the reevaluation 
request (57%) in the REACH-project 5. Health care employees involved in HCV care may 
need to go the extra mile and employ additional targeted interventions in order to bring 
these hard-to-reach LFU HCV patients back into care. The optimal approach to get LFU 
HCV out of their steadfast stance remains to be investigated. Strategies may be aimed at 
improving the patients’ disease and treatment knowledge while removing misconceptions. 
In addition, outreach programs may be utilized to target and engage individuals who 
remain in the passive patient role.

Prior studies in LFU HCV patients were predominantly of quantitative nature and aimed at 
identifying independent predictors for loss to follow-up (e.g. a history of substance abuse, 
psychiatric illness, undocumented liver fibrosis stage and absence of a life partner) 20–22, but 
seldom analyzed the patients’ perspective on the subject. Balkhy et al. performed a phone 
survey in LFU viral hepatitis B and C patients during which the far majority indicated that 
they were unaware that a follow-up appointment had been scheduled (69%) or declared to 
be uninformed about the need for follow-up (15%) 23. The current grounded theory-based 
qualitative study is the first to clarify the underlying process and to describe the balancing 
perspective in LFU HCV patients. A balancing mindset had been previously described in 
the overall HCV population in the qualitative study of Faye et al. who reported on HCV 
infected patients passing through a changing stage after which they proceeded to the 
consolidating balancing perspective 24. This process was set in motion in response to the 
overall feeling of “being condemned” by the HCV diagnosis, which was accompanied by a 
consequential reactive depression. The current qualitative study confirms the existence of 
a state of balance in HCV patients but rather than defending against HCV condemnation 
it was employed to consciously sidetrack the infection in this specific HCV population 
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that was LFU. The behavioral response in the current study population might best be 
appreciated in light of Lazarus and Folkman’s (1984) 25 transactional theory of stress and 
coping. First of all, participants readily labeled the HCV as potentially harmful after their 
initial appraisal of the diagnosis. Next, the lack of acceptable therapeutic options prompted 
many to conclude that resources to tackle this disease were unavailable. Feelings of lack of 
control more easily induce an ineffective emotion-focused coping response 26 which can 
also be observed in this specific patient group. Participants turned to different emotion-
focused coping strategies such as exercising self-control (i.e. adapting life-style to limit 
detrimental effects of HCV), escape-avoidance (e.g. persisting in the passive patient role, 
explaining away signs and symptoms) and positive reappraisal (“the HCV is sleeping”). 
These coping strategies finally led to the conclusive act of sidelining the disease and thus 
becoming lost to follow-up.

The main strength of this study is the robust analysis that included double-coding, 
verbatim quotes and expert review of the outcomes to increase the reliability of the 
results. The findings of this study are applicable to settings with highly accessible HCV 
care and to HCV patients who have been diagnosed in the PEG-IFN era. There were also 
some limitations to this study. The interviews were conducted after the participants had 
been brought back into care, which may have introduced recall bias. In order to maximize 
the participation rate, interviews were conducted by the physician who was responsible for 
the HCV reevaluation and consequential social desirability bias cannot be ruled out. Last, 
solely HCV patients who were brought back into care were interviewed for the purpose 
of this study and an extended inclusion of those HCV patients who refused participation 
in the REACH project and remained LFU could have increased the transferability of the 
results. 
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CONCLUSION

The balancing perspective gives insight into why HCV patients were not retained in care 
but also why they remained LFU thereafter. It has important implications for clinical 
practice, as physicians should realize that this mindset can be persistent and that repeated 
efforts may be needed to finally trace and retrieve these patients. 
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SUMMARY

The Netherlands is striving to achieve national elimination of the hepatitis C virus (HCV) 
as one of the first countries worldwide. The favorable HCV epidemiology with both low 
prevalence and incidence, together with access to care and treatment, present excellent 
conditions to further build on towards this objective. The Dutch national plan on viral 
hepatitis, introduced in 2016, defines targets in the HCV healthcare cascade and provides 
a structural framework for the development of elimination activities. Since many different 
stakeholders are involved in HCV care in the Netherlands, focus has been placed on micro-
elimination initiatives as a pragmatic and efficient approach. These numerous micro-
eliminations projects have brought the Netherlands closer to HCV elimination. In the 
near future, efforts specifically have to be made in order to optimize case-finding strategies 
and to successfully accomplish the nationwide implementation of the registration and 
monitoring system of viral hepatitis mono-infections, before this final goal can be reached. 
The upcoming years will then elucidate if the Dutch’ hands on approach has resulted 
in sufficient progress against HCV and if the Netherlands will lead the way towards 
nationwide HCV elimination.
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INTRODUCTION

Global elimination and eradication of the hepatitis C virus (HCV) has become the ultimate 
endeavor and final objective ever since the introduction of highly effective direct-acting 
antivirals (DAAs). The once fatal disease has thus been transformed into an infection that 
can effortlessly be cured, provided that one has access to care and therapy. Consequently, 
the World Health Organization (WHO) even envisioned universal elimination of the HCV 
to be accomplished by the year 2030 1. To this end, the WHO urged countries to develop 
and implement national policies on viral hepatitis. However, the European Liver Patients 
Association (ELPA) Hep-CORE study revealed that 14/27 countries still did not have a 
written national plan for the management of hepatitis C and / or hepatitis B (HBV) in 
2016. The Netherlands therefore subsequently introduced a national plan on viral hepatitis 
in 2016 defining targets for each step in the Dutch HCV healthcare cascade: 1) awareness 
and prevention; 2) testing and diagnosis; 3) linkage to care; 4) access to medication and 
5) monitoring and evaluation, in order to eventually achieve HCV elimination 2. National 
coordination of HCV elimination however is complicated by (regional) differences in 
HCV patient subpopulations and the high number of stakeholders involved in HCV care. 
Considering these diversities, a uniform nationwide strategy targeting all HCV patients 
is unlikely to be the key solution to finally eliminate HCV. A more pragmatic approach 
would be to apply more focus and work towards ‘micro-elimination’ in different HCV 
subpopulations (e.g., individuals with HIV or hemophilia, (ever) injection drug users, 
migrants from high endemic countries, health care workers, prisoners). Micro-elimination, 
by way of targeting smaller and clearly delineated HCV risk groups, allows for faster and 
more efficient delivery of interventions. For this reason, micro-elimination as a ‘bottom-
up’ approach may be a more feasible and efficient path to nationwide HCV elimination 3. 
Various stakeholders involved in HCV care have devoted their efforts to micro-elimination 
initiatives in the Netherlands, including: a) awareness campaigns directed at (ever) 
injection drug users and migrants but also health care workers; b) screening strategies in 
risk-groups to find undiagnosed persons with HCV, as recommended by the national Health 
Council 4; c) regional and nationwide retrieval projects of lost to follow-up previously 
diagnosed patients; d) HCV healthcare pathways in addiction clinics and primary care to 
promote and guide linkage to care; e) registry and close monitoring of HCV subpopulations 
(registry of HIV/HCV coinfected managed by the Dutch HIV monitoring foundation and 
the hemophilia treatment center follows all HCV patients with hemophilia). However, 
the success of all (micro-) elimination efforts hinges on solid epidemiologic data on HCV 
prevalence and incidence in all HCV risk groups. Adequate registration and monitoring 
is an imperative element of HCV elimination and achieving this may be one of the most 
difficult obstacles to overcome in the elimination process. 
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This paper will describe (trends in) HCV epidemiology in the Netherlands, the micro-
elimination progress in different HCV risk groups and also outline the strategies that 
have been employed by different stakeholders to improve uptake and retention in each 
step of the Dutch HCV healthcare cascade. Finally, we will elaborate on the Dutch progress 
towards nationwide HCV elimination and elucidate if the Netherlands may be among the 
first countries to achieve this final ambition in the near future. 

Hepatitis C prevalence and incidence in the Netherlands
Although it is generally accepted that the Netherlands is a low prevalence region for HCV, 
only a few studies have ever been performed to ascertain its prevalence in the general 
population. Two cross-sectional serosurveys in 1996 and 2007 calculated a national 
prevalence of 0.1% and 0.3%, respectively 5,6. Of note, groups from HCV endemic regions 
were considered underrepresented in the ’96 survey and therefore a higher proportion 
(70%) of non-Dutch nationalities were included in the ’07 survey. In 2012, Vriend et al. 
applied a different approach (i.e. the Workbook method) to estimate HCV prevalence in the 
Netherlands. The Workbook method incorporates lowest and highest available risk group 
based prevalence estimates which are subsequently multiplied by the different population 
sizes to generate an absolute number of HCV infected individuals per risk group. This 
study reported an estimated HCV seroprevalence of 0.22% which had been averaged from 
the lowest and highest total estimate of 0.07% and 0.37% respectively 7. A recent update 
of this estimate, with more extensively defined prevalence estimates in different migrant 
populations, reported a 0.16% HCV seroprevalence in the Netherlands in 2017, which is 
still very similar to the older estimates from ’96 and ‘07. This would correspond to 23,000 
anti-HCV positive individuals in the Netherlands 8. From a global perspective, it shows that 
the aforementioned HCV prevalence rate of 0.16% in the Netherlands is not only among 
the lowest in Western Europe but also one of the lowest worldwide 9–11. Considering the 
HCV prevalence in distinct risk groups, the Dutch situation to some extent mimics the 
distribution in North America, Western Europe, and Australia, meaning that HCV infection 
is hyper endemic among people who (ever) inject(ed) drugs (PWID) (seroprevalence 39-
74%) 12–16. However, ongoing viral transmission of hepatitis C in the Dutch PWID group 
seems virtually non-existent: 44 cases of acute HCV were reported nationwide in 2016 
of which <5 were associated with intravenous drug use 17. Nevertheless, underreporting 
due to an asymptomatic disease course cannot be ruled out. The low HCV incidence in 
PWID can also in part be explained by the decline in injection drug use (IDU) after the 
problematic 1960-1970’s as a consequence of overall diminished popularity but also due 
to the availability of physician-prescribed methadone treatment, needle exchange and 
other harm reduction programs 18,19. In 2015, the national number of recent injecting drug 
users was historically low (±500 i.e. 6% of all opiate users in addiction care) 20. In the 
Netherlands, the first generation migrants emerge quantitatively as the major contributor 
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to the Dutch national HCV burden (41-70%) 6–8. However, the number of new infections 
due to immigration is not considered to have great impact on the total pool of chronically 
infected since the annual Dutch population growth as a cause of immigration is <0.5% 
at the time of writing 21. Also, the HCV prevalence in migrant populations in different 
nations has been described to be lower in comparison to the country of origin prevalence 
estimates 22. The Netherlands, next to having a low prevalence, is also characterized by a 
low incidence of HCV infections that are mainly observed in the subgroup of HIV-infected 
persons (49 acute HCV infections in HIV-infected in 2016, i.e. 5.5/1000 person years, 95% CI 
4.1-7.2). It was recently reported that the Dutch incidence rate of acute HCV in this group 
has decreased considerably, which is illustrative of an effective “treatment as prevention” 
approach 23. However, current re-infection rates in HIV-infected (34/1000 person years 
in 2016) are still high and predominantly related to the involvement of men who have 
sex with men (MSM) in high-risk sexual activities (including ‘chemsex’, i.e. sex under the 
influence of psychoactive drugs) 24.

Hepatitis C treatment effectiveness in different subpopulations 
Various Dutch subpopulations with increased risk and/or prevalence of HCV can be 
identified as possible target groups for micro-elimination: the ‘low risk population’, 
migrants from high endemic countries, PWID, individuals with HIV, prisoners, MSM, 
patients with hemophilia, hemodialysis patients and health care workers (Table 1). As 
mentioned previously, to determine the success of HCV therapy uptake in subpopulations 
or otherwise assess the HCV micro-elimination progress, adequate patient monitoring 
systems are essential. In the Netherlands, several risk groups are closely monitored and 
(detailed) information on HCV therapy uptake is available in subpopulations such as 
HCV/HIV coinfected and HCV patients with an inherited bleeding disorder 24,25. With 
regard to the Dutch HIV population, annual screening for HCV infection is performed in 
those HIV positives with ongoing risk factors / behavior, irrespective of the presence of 
symptoms. Data from the Dutch HIV monitoring foundation (SHM), that includes 98% of 
all HIV-infected individuals who are retained in care, indicated that virtually all patients 
(N=1439; 96.6%) had been screened at least once for HCV infection in 2017 24. Of note, the 
number of undiagnosed HIV/HCV coinfections is believed to be low (6% of the estimated 
1750 undiagnosed Dutch HIV-infections) 24,26. Of those monitored HCV/HIV coinfected 
patients, 76% had been cured by February 2017 and from another 6% DAA therapy results 
were pending, totaling more than 80% clearance rate for this population 27. Secondly, the 
van Creveldkliniek hemophilia treatment center (University Medical Center Utrecht, The 
Netherlands) reported that 27% of all 700 chronic HCV patients with an inherited bleeding 
disorder from a combined Dutch and UK cohort had been cured in April 2012 25. This 
proportion of cured patients, like in the HCV/HIV co-infected population, is expected to 
have increased dramatically since DAA-therapy became available. Also, the transmission 
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of HCV to hemophilia patients due contaminated blood products has been halted with 
the introduction of anti-HCV testing in blood donors and of recombinant clotting factors 
28. Finally, data obtained from the Drug Information System of the National Health Care 
Institute (GIP) illustrate that between the years 2009 until the availability of DAAs in 2015 
an estimated 4,427 persons with HCV have been cured in the Netherlands (i.e. 19% of the 
±23,000 estimated HCV antibody positive individuals) 29. With regard to the remaining 
HCV risk groups, exact data is lacking and no reliable estimate of DAA therapy uptake in 
these subpopulations could be made. A HCV prevalence estimate was available in a number 
of groups (Table 1).

Dutch hepatitis C healthcare cascade: strategies towards micro-elimination
Awareness and prevention 
A summary of the main Dutch strategies towards HCV elimination is depicted in Figure 
1. In the Netherlands, several institutions involved in public healthcare are dedicated to 
increasing awareness and knowledge of HCV in risk groups and as well as in the general 
population. To this end, a large nation-wide multimedia HCV awareness campaign was 
implemented in 2009/2010, targeting individuals attending methadone clinics and also 
risk groups in the general population. In participating methadone clinics HCV test uptake 
was 62% during the campaign. At the end of the project, 257 additional HCV-carriers had 
been identified in methadone clinic attendees and the intervention was judged to be cost-
effective in this group. In contrast, the intervention was not cost-effective in the general 
population although the number of anti-HCV tests in 25 laboratories had increased by 
12.9% in comparison with previous years 30. At the annual Dutch National Hepatitis Day 
in November 2017, another compendious media campaign with both radio and television 
broadcasts was launched by the Dutch Liver Patient Association (NLV) to raise awareness 
among patients, physicians but also health policy-makers for the increasing Dutch 
mortality rates as a cause of viral hepatitis 31. This campaign has reached over ten million 
persons in the Netherlands (personal communication José Willemse, Executive director 
NLV). 

Testing and diagnosis: screening and retrieval projects
A key factor in achieving HCV elimination lies in augmenting the case finding rate. Case 
finding can be further classified as: i) the identification of undiagnosed HCV patients (i.e. 
screening) and ii) tracing of previously diagnosed patients who are no longer in clinical 
care (i.e. retrieval). Since migrants have been shown to account for the majority of HCV 
infections in the Netherlands, several large screening projects in migrant groups from 
high endemic countries (a.o. Afghanistan, China, Egypt, Iraq, Turkey, Poland) have been 
performed. The yield of these projects however was low, despite the use of peers in some 
projects, and only a handful of viremic HCV (1-10 persons per project, i.e. 0.1-4.8%) were 
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identified of which also a small number was already aware of their disease 32–38. These 
low results could be explained by a ‘healthy volunteer’ effect which indicates that the 
participants of screening projects are in fact healthier than the index population 39. Further 
initiatives are therefore still needed to encourage more individuals with a migration 
background to get tested for HCV. This is also supported by the Dutch National Health 
Council (HC) who as of November 2016 recommends HCV screening in all first generation 
migrant populations with a known HCV prevalence in the country of origin of ≥2%. At the 
moment however, screening projects targeting migrant populations at locations other 
than primary care practices, require approval from the Ministry of Health, Welfare and 
Sport (VWS) 4. This prerequisite poses a barrier for renewed screening efforts in migrant 
subgroups (last project dates from 2013) in the present DAA-era in which therapeutic 
options have improved immensely. Consequently, HCV screening in first generation 
migrants currently falls under the responsibility of Primary Care Physicians (PCPs) in 
the Netherlands, who are guided by their evidence-based professional ‘guideline on viral 
hepatitis’, from the Dutch College of General Practitioners (NHG) 40. The NHG guideline 
in addition promotes screening in individuals with an increased ALT (≥1.5 times the upper 
limit of normal) in the general population who may have been at risk for HCV infection. 
However, due to the small number of hepatitis patients in each PCP practice and the 
limited knowledge on hepatitis, screening of hepatitis in PCP practices is suboptimal. 
Another subgroup with high HCV prevalence (Table 1) deserving enhanced screening 
efforts is the detention population. Although the Dutch Custodial Institution Agency 
introduced updated guidelines on HCV screening in 2016, non-compliance with those 
guidelines occurs regularly and the frequent relocation of detainees further complicates 
treatment initiation and adherence. In addition, the Ministry of Justice finances the Dutch 
prison healthcare system and reimbursing DAA-therapy poses a heavy burden on its total 
health care budget. This constitutes another barrier for testing and treating HCV-infected 
detainees.

Figure 1. Dutch HCV care cascade

Abbreviations: LFU, lost to follow-up; PCP, primary care physician. *Implementation of mandatory 
report of chronic HCV is advised.
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Table 1. Hepatitis C micro-elimination progress in target populations in the 
Netherlands in 2017

Population 
size 
(N)

HCV 
seroprevalence 

(%)

Chronic HCV 
infections (HCV 

RNA +) (N)

HCV infections 
cured 

(N) / (%)

Source / 
Comments

Actions / interventions to facilitate HCV elimination

HIV-infected 22,900 12% 1,471 (R) 1124 / 76% 24,27 •	 Behavioral counseling.
•	 Once in a lifetime or frequentb screening (depending on 

risk behavior).

Hemophilia patients (born <1992) NA NA 700 (R) 190 / 27.1% 25 d •	 Once in a lifetime screening.
•	 Treatment scale-up.

High-risk MSM (HIV-negative)a NA 4,8% NA NA / NA 57 •	 Behavioral counseling.
•	 Frequentb screening 
•	 Early treatment in case of (re) infection.

Migrants from high endemic countries 1,527,032 NA 13,819 (E) NA / NA 58 •	 Raise awareness of HCV through local / multimedia 
information campaigns.

•	 Once in a lifetime screening for first-generation 
migrants with HCV prevalence ≥2% in country of origin.

PWID 14,000 39 – 74% 4,040 – 7,666 (C) NA / NA 7,12–16,59 •	 Once in a lifetime or frequentb screening (depending on 
risk behavior).

•	 Treatment scale up.

Prisoners 10,194 / 
each day

7.4 – 13.9% 558 – 1049 (C) NA / NA 60–62 •	 Educate prison doctors on HCV.
•	 Once in a lifetime or frequentb screening (depending on 

risk behavior).
•	 Include detainees in regular health insurance.

Hemodialysis patients 17,116 NA NA NA / NA 63 •	 Once in a lifetime screening.

Health care workersc NA NA NA NA / NA - •	 Once in a lifetime screening by employer.

General Dutch population 17,081,507* 0.1 – 0.4% 12,640 – 50,561 (C) 4427 / 8-35% 7,29 •	 Raise awareness of HCV through multimedia 
information campaigns.

•	 Educate general practitioners on HCV to increase 
compliance with viral hepatitis screening and referral 
guidelines.

•	 Trace and treat HCV infected lost to follow-up.

Abbreviations: PWID, people who (have ever) inject(ed) drugs; MSM, men who have sex with men; 
NA, not available. (R)= reported numbers from publications of registries; (E)=estimated numbers 
reported in studies; (C)= calculated from seroprevalence estimates multiplied by .74 (assumed 
spontaneous clearance rate of 26%). 

* https://opendata.cbs.nl/statline/#/CBS/nl, Dutch population numbers in 2017; a MSM with high-
risk sexual activities; b One to four times per year; c Health care workers who perform hazardous 
tasks, putting them at risk for acquiring of transferring a hepatitis C infection (definition from the 
National Health Council) 4; d (Combined Dutch & UK cohort).
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tasks, putting them at risk for acquiring of transferring a hepatitis C infection (definition from the 
National Health Council) 4; d (Combined Dutch & UK cohort).
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Next to screenings projects, several retrieval projects of diagnosed patients who have been 
lost to follow-up have been executed in various regions in the Netherlands. Projects were 
initiated by different physicians involved in care for hepatitis patients: hospital based 
specialists (Gastroenterology, Infectious Diseases and Microbiology), PCPs, but also Public 
Health physicians. The most commonly applied method in those retrieval projects was the 
reevaluation of positive HCV diagnostics from the past 10-15 years from microbiological 
laboratories in order to identify untreated patients. Patients with presumed persistent 
HCV would then be reevaluated by their PCP and, if appropriate, invited back into clinical 
care. The proportion of chronic HCV patients who were lost to follow-up was reported to be 
as high as 38% 41–43. Results of the main (published) Dutch retrieval projects are summarized 
in Figure 3. The largest retrieval effort in the center of the Netherlands (REACH-project) 
has been the most successful thus far with 28.3% of all lost to follow-up patients traced 
44. One of the success factors may be that, in contrast to other endeavors, in the REACH-
project patients were invited directly at the outpatient clinic without interference of the 
general practitioner. The REACH-project served as a pilot and subsequent nationwide 
roll-out of HCV retrieval is scheduled to start in 2018 (CELINE). The CELINE initiative 
constitutes a collaboration between hepatologists and Infectious diseases physicians of all 
eight Dutch Academic Medical Centers (HepNED) and aims to realize case ascertainment 
in >50% those who previously tested positive for HCV in the next three years and also to 
include 95% of retrieved patients in a national registry 45.

Linkage to care
The Dutch national plan on viral hepatitis underlined the importance of regional, multi-
stakeholder, healthcare networks (i.e. hepatitis teams) in order to monitor and safeguard 
the local identification and linkage to care of HCV patients from all different risk group 2. 
Such hepatitis teams have been installed successfully in various regions (Arnhem, Utrecht) 
and may serve as an example for other districts 32. The “Breakthrough Project”, initiated by 
the Netherlands Institute of Mental Health and Addiction (Trimbos Institute) is another 
example of a collaborative between various stakeholders. The Trimbos Institute aspired 
to structurally improve the detection and linkage to care of HCV in Dutch addiction care 
clinics and to develop sustainable HCV referral cascades. To this end, two implementation 
projects based on the Breakthrough methodology (Breakthrough Project) were initiated 
between 2013 and 2016. Multiple multidisciplinary teams, including Gastroenterology 
specialists from a (nearby) hepatitis treatment center and nurses, medical doctors and 
managers from the local addiction care center, created a local and sustainable HCV referral 
pathway to secure linkage to care. Final results of the project are pending.
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Figure 2. Dutch HCV healthcare stakeholders 
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Access to medication and qualified health services
In the Netherlands, virtually all patients have good access to healthcare and also, once 
diagnosed with HCV, to DAA therapy. As of November 2015, all available DAAs are 
reimbursed by basic health care insurance (which is obligatory in the Netherlands) 
irrespective of fibrosis stage, alcohol or drug use status. Basic healthcare insurance in 
the Netherlands however includes obligatory deductible excess, which added up to 385 
euro per year in 2017 and 2018. This amount has to be paid by the policy holder before an 
insurance providers covers any expenses and may negatively affect one’s willingness to get 
tested for HCV, especially in individuals with lower socio-economic status. On average, the 
obligatory deductible excess is fully spend by 50% of all insured individuals annually 46. 
As described previously, the Ministry of Justice pays DAA therapy costs for individuals in 
detention. Asylum seekers can be considered for HCV treatment, but only when a residence 
permit is granted. Although a wide variety of stakeholders is involved in the detection of 
and care for patients with a chronic HCV infection in the Netherlands (Figure 2), until 
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now treatment of HCV remains under the responsibility of hospital-based-physicians 
(specialists in hepatology or infectious diseases physicians working in designated hepatitis 
centers). There are 45 designated hepatitis centers in the Netherlands (Figure 3), which can 
all be attended to on referral by the PCP. Physicians in all hepatitis treatment centers can 
consult the Dutch national “guidebook” on HCV treatment (www.HCVrichtsnoer.nl) that 
summarizes the recommendations of the main international guidelines on HCV treatment 
in light of the national. The ‘HCV richtsnoer’ provides guidance for the appropriate DAA 
regimen selection with an update being published after each major international guideline 
revision 47.

Monitoring and evaluation
Adequate monitoring and registration of all patients in each step of the HCV healthcare 
cascade is essential to achieve HCV elimination. When drop out at any of the stages of the 
HCV healthcare cascade has been reduced to zero, elimination will have been achieved. By 
the Dutch public health act, in 1999 it became mandatory to report acute HCV infections 
to the local Public Health Services and hence incident infections are recorded since then. 
Until now, chronic HCV infections do not require notification but this is about to change 
in 2018. In addition, a pilot project was initiated in 2017 by the Dutch Association of 
Internal Medicine (NIV) and Gastroenterology and Hepatology (NVMDL) specialists with 
8 participating hospitals aiming to create a registry for treatment uptake and outcome of 
all viral hepatitis B & C mono-infections. This project was able to benefit from the existing 
registration system of the HIV Monitoring Foundation (SHM) that has already been used 
to monitor both HIV-mono and HIV/hepatitis B or C co-infected patients for decades 
48. The previously mentioned national retrieval project CELINE aspires to further, both 
retrospectively and prospectively, complete this registry in the upcoming years.

The Dutch Central Bureau of Statistics (CBS) collects data on the primary cause of death in 
the general population and based on this information, the annual viral hepatitis C and B 
related mortality was estimated at +/- 500 deaths per year between 2002-2015 31. The viral 
hepatitis related mortality has not yet decreased as a consequence of the introduction of 
DAA-therapy. The van Creveldkliniek hemophilia treatment center reported a mortality 
rate of 28% in patients with hemophilia and chronic HCV of which 28% was liver-related 
(median follow-up of 31 years since HCV infection) 25. These numbers however date from 
the pre-DAA era. The SHM registers the cause of death in HIV mono- and HIV/HCV 
coinfected however viral hepatitis related mortality in HIV/HCV coinfected individuals 
has not been explicitly described 24.
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Figure 3. All 45 hepatitis treatment centers in the Netherlands

Retrieval projects of previously diagnosed patients (in red)

Region Years screened Eligible for 
retrieval (N)

Evaluated (N)

Beekmans et al. 40 Alkmaar 15 20 4 

Spruijt et al. 41 Groningen 10 110 18

Wevers et al. 42 Arnhem 15 1 0

Kracht et al. 43 Utrecht / 
Nieuwegein / 
Amersfoort

15 269 47
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FUTURE DIRECTION FOR HEPATITIS C 
MICRO-ELIMINATION IN THE NETHERLANDS

The present Dutch situation with low HCV seroprevalence (0.1-0.4%) 7,11 and a limited number 
of new infections 17,23, is an excellent starting point for final HCV elimination. Also, the true 
HCV prevalence in the Netherlands might be even lower since current estimates lack precision 
6,7. Some experts argue that the proportion of undiagnosed or ‘hidden’ HCV patients may 
actually be smaller than previously estimated as exemplified by a large high prevalence birth 
cohort screening project in the South of the Netherlands (N=3,434 patients) that did not 
identify any active HCV infections 49. A study modeling the future HCV burden of disease 
in the Netherlands estimated an 85% reduction in chronic HCV infections by the year 2030, 
if treatment rate can be scaled up adequately 50. In the past years, numerous Dutch micro-
elimination projects have consequently put their efforts into enhancing the screening, linkage 
to care and finally the HCV treatment uptake in various risk group populations 27,30,32–35,37,38,41–43. 
Taking all endeavors into account, a drastic future reduction in the Dutch pool of chronic 
HCV-infected can be envisioned. Important caveats however do remain in various stages 
of the Dutch HCV continuum of care, which will have to be addressed before HCV micro-
elimination can be achieved. First of all, the proportion of chronic HCV patients who has been 
lost to follow-up is substantial 41–43. The nationwide roll out of the pilot project for retrieval 
but also registration of viral hepatitis C mono-infections (CELINE) therefore constitutes an 
important challenge to complete in the near future 45. Secondly, as can be observed in the 
micro-elimination table, data on exact prevalence and therapy uptake is still unknown for 
many target groups (Table 1). The progress against HCV can thus not be tracked appropriately. 
When successfully executed, CELINE will substantially contribute to overcoming this issue 
by entering the data of >95% of previously diagnosed HCV patients who have been retrieved 
in a central registry. Thirdly, despite the existence of various professional HCV screening 
guidelines, current screening strategies do not adequately target several high prevalence risk 
groups and a considerable group might still be unaware of their disease. Specific improvements 
have to be made in the identification and linkage to care of HCV patients in addiction care 
centers, those originating from high endemic HCV countries immigrating to the Netherlands 
and also the general population as they constitute the major contributors to the Dutch HCV 
burden of disease (although overestimation of the HCV prevalence cannot be ruled out) 7. 
Also, HIV-negative MSM who engage in high-risk sexual behavior (e.g. those receiving HIV 
Pre-Exposure Prophylaxis or PrEP) recently emerged as another subgroup with a relatively 
high HCV incidence (0.7-1.3 per 100 person-years) 51–53. In the SHM HIV/HCV coinfected cohort, 
high DAA-therapy uptake of 76% has led to a decrease in HCV incident infections by half (from 
11.2 to 5.5 per 1000 person-years) but a substantial (re-) infection rate remains 23. Modeling 
studies describe that behavioral counseling in addition to treatment scale-up may be effective 
in further reducing the long-term HCV prevalence 54,55.
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With the current diminishing prevalence, the upcoming challenge will be to improve 
case finding strategies in order to accomplish higher treatment rates and to avoid a 
‘diagnostic burn-out’ (i.e. the amount of treatments is reduced to zero because patients 
remain unaware of their disease and therefore will not receive therapy) 56. This diagnostic 
endeavor is preferably taken on by the PCPs as they encounter the majority of the Dutch 
population at risk for HCV in their practices. Since knowledge of HCV in Dutch PCPs is 
deemed insufficient, focus should shift towards educating PCPs about viral hepatitis C. 
With the current simplified DAA therapy regimens, treatment of patients with none to 
mild fibrosis may even be transferred to the PCPs in the future.

In conclusion, the current Dutch HCV epidemiology with both low prevalence and 
incidence in combination with universal access to DAA therapy, favors a future HCV 
elimination scenario. The micro-elimination method, that delivers targeted interventions 
at pre-defined HCV risk groups, is frequently applied to improve the Dutch HCV healthcare 
cascade and constitutes a pragmatic and efficient approach. To avoid an eventual diagnostic 
burn-out, efforts towards case-finding should be intensified. Although challenges remain, 
the Netherlands continues to be one of the global frontrunners in its efforts to national 
viral hepatitis C elimination. Whether this goal may actually be achieved by the year 2030, 
remains to be elucidated in the next couple of years. 
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ABSTRACT

Background: People who inject drugs (PWID) are disproportionally affected by hepatitis C 
virus (HCV) infection. In the Netherlands, active HCV transmission in PWID has practically 
been halted but uptake of HCV testing and linkage to care remains insufficient in this risk 
group. A national HCV in Addiction Care (HAC) quality improvement project based on the 
Breakthrough methodology (i.e. Breakthrough project) aimed to secure proper linkage to 
care in PWID by introducing local HCV healthcare screening and treatment pathways in 
addiction care units. 

Aim: To qualitatively appraise the local HCV healthcare pathways, to evaluate the yield in 
terms of number of PWID screened, diagnosed, referred and treated and to identify best 
practices and barriers to successful participation in the HAC Breakthrough project.

Methods: Between 2013 and 2016, twelve units of addiction care centers throughout 
the Netherlands participated in two series of a HAC Breakthrough project. Local 
multidisciplinary teams created HCV healthcare pathways. Quality assessment of HCV 
healthcare pathways was performed retrospectively and data on screening results was 
collected. In-depth interviews were conducted to elucidate best practices and essential 
elements for successful participation. 

Results: In total six HCV healthcare pathways were submitted by ten teams of which 83% 
was judged to be of “good” or “sufficient” quality. Uptake of HCV-antibody screening was 
40% (N=487/1219) and uptake of HCV-RNA in HCV-antibody positives was 59% (N=107/181). 
The project resulted in 76 (6%) newly detected cases of persistent HCV viremia. Of all 
HCV-RNA positives, 92% was referred to a hepatitis treatment center. In 39% (N=27/70) of 
those referred, treatment initiation was documented and 82% (N=22/27) achieved a SVR. 
Teams identified several best practices including: motivational counselling training, oral 
swabs for anti-HCV testing, facilitating complementary HCV RNA testing and supervised 
hospital visits.

Conclusion: The HAC Breakthrough project has brought about good quality HCV healthcare 
pathways in the majority of participating addiction care centers and has successfully linked 
PWID with ongoing HCV viremia to care. Uptake of HCV-screening and treatment after 
referral were identified as the main gaps to be closed in the HCV cascade of care to achieve 
final HCV elimination in Dutch PWID (i.e. micro-elimination).
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INTRODUCTION

In the Netherlands, the epidemic of heroin use during the 1970s contributed to the creation 
of a cohort of about 28,000 substance users in the early 1990s and up to 89% of those 
reported to have ever injected drugs 1–3. In this period, a widespread (global) parenteral 
transmission of non-A, non-B hepatitis was observed and since 1989 the culprit could be 
identified as the hepatitis C virus (HCV) 4,5. As a result, people who inject drugs (PWID) 
are disproportionally affected by this predominantly blood-borne infectious disease 6. This 
is illustrated by the high prevalence of HCV-antibodies among Dutch PWID, which is 
estimated to range between 26-74% 7–11. At the moment, Dutch PWID are confronted with 
the long-term consequences of chronic HCV which causes cirrhosis (16% over a period of 
20 years) but also hepatocellular carcinoma (1-3% per year after 30 years) 12,13. 

Over the past decades, “harm reduction” has gradually become one of the main treatment 
paradigms for substance use disorders (SUD) in addiction healthcare in the Netherlands. 
Partly due to such harm reduction practices, including needle-exchange programs, 
methadone maintenance therapy and the use of prescription heroin in a controlled setting 
14,15, ongoing HCV transmission in the PWID high-risk group has practically been reduced 
to zero 16. This low transmission rate can further be explained by the overall decreasing 
popularity of injecting drug use which has diminished from 12% (+/-1616 of 13,468 
individuals) in 2006 to a historically low proportion of 8.1% (+/- 740 of 9,093 individuals) of 
all nationally registered individuals with an opiate use disorder in addiction care in 2015 17.

The specific subpopulation of people with an opiate use disorder who attend addiction 
care with high HCV prevalence but negligible transmission and regular contact with 
healthcare providers constitutes a well-defined high-risk group that could greatly benefit 
from targeted HCV micro-elimination efforts, even in the pre-DAA period when the project 
described in this paper started. Unfortunately, even though the Dutch guidelines on opiate 
maintenance treatment (RIOB) recommend systematic screening for infectious diseases, 
HCV testing is not routinely facilitated in Dutch addiction care 18. In addition, the uptake of 
HCV testing in addiction clinics is still insufficient (53-66%) 7. The most recent and targeted 
HCV information campaign reached a linkage to care rate of 77% in opioid substitution 
clinics (OSTs). However, many organizational barriers for proper and structural linkage 
to care were identified in this project 19. Due to local differences in the organization of 
(HCV) care in addiction clinics, a ‘bottom-up’ approach was deemed the most feasible 
method to implement improvements. For this reason, the Trimbos Institute (the National 
institute on Mental Health and Addiction) initiated a national implementation project 
based on the Breakthrough method in order to develop local sustainable HCV referral 
cascades that adequately safeguard linkage to care from addiction care centers to hospitals. 
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The Breakthrough method is an implementation model developed by The Institute for 
Healthcare Improvement in Boston. This method specifically focuses on organizational 
issues in health care systems that may prevent health care professionals from complying 
with current evidence based practice guidelines 20. It has been adopted in various health 
care improvement projects all over the world but not to address HCV related topics in an 
addiction care setting 21,22. 
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STUDY AIM

The main aim of the Dutch HCV in Addiction Care (HAC) Breakthrough project was to 
achieve comprehensive and clearly defined local HCV healthcare pathways that are firmly 
integrated in daily practice in at least 80% of the participating addiction care units and 
hospitals. With the local HCV healthcare pathways, the HAC Breakthrough project intends 
to secure proper linkage to (hospital) care of PWID who are diagnosed (in addiction care) 
with HCV. This study assessed: 1) the quality of the implemented healthcare pathways and; 
2) the yield of the HCV healthcare pathways in terms of number of clients screened and 
HCV cases detected, referred and treated. This will be compared with the period before the 
Breakthrough project; 3) best practices that prevent drop-out in the HCV cascade of care 
and essential elements for successful participation in the Breakthrough project.
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METHODS

HCV in Addiction Care Breakthrough project
The Breakthrough method was the implementation model of choice due to its ability 
to achieve substantial health care improvements in a relatively short period of time 
(approximately 9 to 18 months) 20. This method has frequently been adopted to facilitate 
the diffusion of existing knowledge into the daily clinical routine 21,23,24. First of all, a 
‘gap’ between evidenced based practices and clinical care’ is identified. Subsequently, 
multidisciplinary teams, all involved in the topic of interest, are formed. These so-called 
Breakthrough collaboratives repeatedly implement small-scale interventions to improve 
the quality of care and regularly measure change by using a continuous quality improving 
technique: the ‘Plan-Do-Check-Act’ (PDCA) cycle. In this manner, health care interventions 
can be further refined and finally optimized. During this process, participating teams are 
educated and coached by experts on the topic of interest and on the Breakthrough method. 
Also, they attend centrally coordinated conferences that bring together all teams to 
exchange ideas and experiences. A detailed description of the HAC Breakthrough method 
is depicted in Figure 1.

Between 2013-2016, two series of the HAC Breakthrough project were initiated by the 
Trimbos Institute. The incentive for this project had been the evident gap between 
existing guidelines on HCV care in PWID and current clinical practice in addiction health 
care that had been identified during a previous HCV information campaign 19. The HAC 
Breakthrough project aimed to close this gap by implementing joined HCV healthcare 
pathways in addiction care centers and the nearby hepatitis treatment centers. The 
Trimbos Institute launched and coordinated both projects. The expert team consisted of 
experts on the Breakthrough method and experts on HCV care for PWID.

A total of twelve local care units throughout the Netherlands (representing eight 
addiction care centers) participated in the two series of the HAC Breakthrough project 
(both lasted between 1-1.5 years). Addiction care centers willing to participate in the 
Breakthrough project were recruited through the government funded Dutch Network 
of Infectious diseases & Harm reduction. Local care units willing to participate were 
required to obtain approval and support from their management boards prior to final 
inclusion in the HAC Breakthrough project. All twelve care units formed their own 
Breakthrough team consisting of at least: an addiction specialist, a hepatology specialist, 
a member of the addiction care management staff, and specialized nurses in both 
addiction care and hepatology. The multidisciplinary teams were encouraged to create 
sustainable and systematic HCV healthcare pathways to guide the future HCV screening 
and referral of PWID. During both series of the HAC Breakthrough project, all teams, 
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including the expert team, gathered at four comprehensive central conferences (i.e. one 
starting, two working and one concluding conference). The teams implemented health 
care interventions during the “action periods” that followed the central conferences. 
By the repeated reassessment of all incorporated steps and/or changes in the HCV 
healthcare pathway at the central conferences, the implementation of improvements 
took place in a cyclical PDCA-fashion. 

Figure 1. Hepatitis C in addiction care Breakthrough method

Abbreviations: SC, starting conference; WC, working conference; AP, action period; PDCA, Plan-Do-
Check-Act cycle. Adapted from the Breakthrough Series: IHI’s Collaborative Model for Achieving 
Breakthrough Improvement. IHI Innovation Series white paper. Boston: Institute for Healthcare 
Improvement; 2003. (Available on www. IHI.org). * Local intake at addiction care units to identify 
barriers; Management consultation to optimize conditions in terms of available fulltime equivalent; 
Compilation of project maps & supporting materials.

Quantitative data collection
To support the HCV healthcare pathway implementation process, local teams were 
requested to monitor the local progress from HCV screening towards treatment by 
anonymously collecting data from each client in a designated database. This database 
included information on: age, sex, HBV and human immunodeficiency virus (HIV) status, 
anti-HCV and HCV-RNA results, HCV genotype, hospital referral, HCV treatment and 
sustained virological response (SVR, defined as negative serum HCV RNA 12 weeks post-
treatment) status. Available HCV test results for each individual step of the HCV cascade 
of care are described. Because of the high level of missing data on the HBV- and HIV-
status, were excluded from the analyses. Retrospectively, HCV test results from both before 
and during the HAC Breakthrough period were compared. Lastly, each team was asked to 
present their final HCV healthcare pathway at the concluding central conference.
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Scoring of HCV healthcare pathways
Quality assessment of all HCV healthcare pathways was performed retrospectively and was 
based on a 10-item scoring system from the guidebook on Healthcare pathways which is 
used in mental healthcare institutions in the Netherlands (GGZ) 25. This scoring system 
included six criteria from Huiskes et al. 26 and was complemented with another four criteria 
of the European Pathway Association (EPA) 27,28. Since these criteria were put together after 
the finalization of the two projects, teams were not informed on these criteria during 
drafting of the pathways. The quality of the HCV healthcare pathways was classified 
as “Excellent” (score 9 or 10/10), “Good” (score 7 or 8/10), “Sufficient” (score 5 or 6/10), 
“Insufficient” (score 3 or 4/10) or “Poor” (score 1 or 2/10). Scoring of the HCV healthcare 
pathways was performed independently and by two professionals of the Trimbos Institute 
(EG and AP). In the case of different scoring results (which were few), consensus was sought 
through discussion. 

Statistical analysis of client data
Continuous data are reported as mean with standard deviations (SD) and discrete variables 
are described as absolute and relative frequencies. Both the non-missing as well as the 
missing descriptive count data are reported. Differences between subgroups were tested 
for statistical significance by a complete case-analysis with the independent t-test, Pearson 
Chi-square test or Fisher’s exact test, as appropriate. A two-sided p-value <0.05 was deemed 
statistically significant for all analyses. SPSS version 24.0 (IBM, Armonk, New York, United 
States) and GraphPad Prism version 6.0 (GraphPad Software, La Jolla California USA) were 
used for statistical analyses and creating graphics respectively. 

Interviews and conference summary reports
Face-to-face semi-structured in-depth interviews were conducted individually with three 
addiction care members (two nurses and one nurse policy adviser) of different Breakthrough 
teams to identify best practices and main barriers for successful participation in the HAC 
Breakthrough project. Interview duration varied between 45-60 minutes. Interviews were 
transcribed verbatim and entered into the software program NVivo V.11 (NVivo qualitative 
data analysis Software; QSR International Pty Ltd. Version 11, 2017) for thematic content 
analysis which was performed by two researchers (PK and AP).

Another source from which best practices were extracted comprised a comprehensive 
summary of the most successful interventions and contributing factors that were discussed 
during the central conferences. The summary was drafted by the HAC Breakthrough team 
of the Trimbos Institute who attended the conferences.



143

Breakthrough project

8

RESULTS

HCV healthcare pathways
At the concluding central conference, 10/12 (83%) Breakthrough teams presented their final 
HCV healthcare pathway. The remaining two teams did not submit their end product to 
the Trimbos Institute, since they did not succeed to finalize a final draft of their pathway 
within the timespan of the project. Different teams from the same addiction care center 
ended up creating a mutual pathway. This resulted in ten teams submitting a total of six 
HCV healthcare pathways. The quality assessments of the six finalized HCV healthcare 
pathways are delineated in Table 1. None of the appraised pathways achieved a perfect 
score by meeting all ten quality requirements. In total, 5 out of 6 (83%) were judged to be 
of either “good” or “sufficient” quality. One HCV pathway was considered below standard 
and was scored as “insufficient”. A specification of the “aspired lead time of the steps in the 
pathways” and also the “monitoring of the compliance of health care professionals with 
pathway steps” was not included in any pathway.

HCV screening results
At the end of the HAC Breakthrough project, 10/12 teams submitted their database with 
information on the local screening progress, hospital referral, HCV treatment and SVR, 
with a total of 1.219 registered clients. These PWID were predominantly male (79%) 
with a mean age of 50 years (±9.7). Not all variables were documented completely for 
all clients. In total, 40% (N=487/1219) received HCV-antibody testing (Figure 2) of which 
37% (N=181/487) were positive. HCV-antibody testing was performed relatively more often 
during the HAC Breakthrough period (6.1% each year between 2013-2016) than before (2.1% 
each year between 2002-2012) while in 47% the date of screening was unknown. Subsequent 
HCV-RNA testing took place in 59% (N=107/181) of the HCV-antibody positives and 71% 
(N=76/107) of all HCV-RNA diagnostics were positive (Figure 2). The genotype distribution 
(as recorded by the addiction care) was as follows: 1 (20%), 2 (5%), 3 (11%), 4 (5%) and missing 
in 59% (N=76). Finally, 92% (N=70/76) of the viremic patients was referred to a nearby 
hepatitis treatment center and of the 39% (N=27/70) patients with a registered treatment 
initiation, 82% (N=22/27) achieved a SVR. A summary of all screening results per individual 
team is delineated in Table 2. 
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Table 1. Scoring of HCV healthcare pathways

Criteria

Pathways Nr. of 
teams 

involved

1
Target disease 

& pathway 
described?

2
Reference 

to Evidence 
base?

3
Roles 

& tasks 
described?

4
Patient 

involvement 
specified?

5
Goal 

defined?

6
Care process 
in sequential 

activities & key 
decision stages 

indicated?

7
Deviations 

from pathway 
evaluated?

8
 Resources 
identified?

9
Lead time 

steps 
characterized?

10
Monitoring 

of 
compliance?

Final HCV 
pathway 
scoring.

1 2 Yes Yes Yes Yes Yes Yes Yes Yes No No Good

2 2 Yes No No Yes Yes Yes Yes Yes No No Sufficient

3 1 Yes Yes No Yes Yes Yes No Yes No No Sufficient

4 1 Yes No Yes No No Yes Yes Yes No No Sufficient

5 3 Yes Yes Yes Yes Yes Yes No Yes No No Good

6 1 Yes No Yes No Yes No No No No No Insufficient

The scoring system is based on the guidebook on Healthcare pathways 23 and included six criteria 
from Huiskes et al. 24 and was complemented with another four criteria of the European Pathway 
Association (EPA) 25,26.

Table 2. HCV cascade of referral results in the individual teams 

ID N Age
mean (SD)

Male gender
(%)

HCV antibody tested
n (%)

HCV antibody (+) in 
HCV antibody tested

n (%)

HCV RNA tested in 
HCV antibody (+)

n (%)

HCV RNA (+) in HCV 
RNA tested

n (%)

HCV RNA (+) 
referred to hospital

n (%)

1. 380 46.8 (10.9) 75 110 (29) 13 (12) 10 (77) 10 (100) 9 (90)

2. 75 47.3 (8.1) 80 25 (33) 7 (28) 3 (43) 3 (100) 2 (67)

3. 134 50.9 (8.8) 84 61 (46) 21 (34) 15 (71) 10 (67) 9 (90)

4. 25 51.9 (8.8) 72 25 (100) 14 (56) 13 (93) 10 (77) 9 (90)

5. 115 49.4 (8.2) 84 64 (56) 32 (50) 18 (56) 11 (61) 11 (100)

6. 61 50.0 (7.4) 80 47 (77) 14 (30) 11 (79) 9 (82) 9 (100)

7. 119 52.0 (6.2) 77 71 (60) 47 (66) 8 (17) 7 (88) 7 (100)

8. 88 50.1 (9.5) 77 27 (31) 8 (30) 7 (88) 4 (57) 4 (100)

9. 59 48.0 (7.9) 83 34 (58) 17 (50) 15 (88) 8 (53) 4 (50)

10. 163 55.6 (9.4) 84 23 (14) 8 (35) 7 (88) 4 (57) 4 (100)

total 1219 50 (9.7) 79 487 (40) 181 (37) 107 (59) 76 (71) 70 (92)
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Table 1. Scoring of HCV healthcare pathways

Criteria

Pathways Nr. of 
teams 

involved

1
Target disease 

& pathway 
described?

2
Reference 

to Evidence 
base?

3
Roles 

& tasks 
described?

4
Patient 

involvement 
specified?

5
Goal 

defined?

6
Care process 
in sequential 

activities & key 
decision stages 

indicated?

7
Deviations 

from pathway 
evaluated?

8
 Resources 
identified?

9
Lead time 

steps 
characterized?

10
Monitoring 

of 
compliance?

Final HCV 
pathway 
scoring.

1 2 Yes Yes Yes Yes Yes Yes Yes Yes No No Good

2 2 Yes No No Yes Yes Yes Yes Yes No No Sufficient

3 1 Yes Yes No Yes Yes Yes No Yes No No Sufficient

4 1 Yes No Yes No No Yes Yes Yes No No Sufficient

5 3 Yes Yes Yes Yes Yes Yes No Yes No No Good

6 1 Yes No Yes No Yes No No No No No Insufficient

The scoring system is based on the guidebook on Healthcare pathways 23 and included six criteria 
from Huiskes et al. 24 and was complemented with another four criteria of the European Pathway 
Association (EPA) 25,26.

Table 2. HCV cascade of referral results in the individual teams 

ID N Age
mean (SD)

Male gender
(%)

HCV antibody tested
n (%)

HCV antibody (+) in 
HCV antibody tested

n (%)

HCV RNA tested in 
HCV antibody (+)

n (%)

HCV RNA (+) in HCV 
RNA tested

n (%)

HCV RNA (+) 
referred to hospital

n (%)

1. 380 46.8 (10.9) 75 110 (29) 13 (12) 10 (77) 10 (100) 9 (90)

2. 75 47.3 (8.1) 80 25 (33) 7 (28) 3 (43) 3 (100) 2 (67)

3. 134 50.9 (8.8) 84 61 (46) 21 (34) 15 (71) 10 (67) 9 (90)

4. 25 51.9 (8.8) 72 25 (100) 14 (56) 13 (93) 10 (77) 9 (90)

5. 115 49.4 (8.2) 84 64 (56) 32 (50) 18 (56) 11 (61) 11 (100)

6. 61 50.0 (7.4) 80 47 (77) 14 (30) 11 (79) 9 (82) 9 (100)

7. 119 52.0 (6.2) 77 71 (60) 47 (66) 8 (17) 7 (88) 7 (100)

8. 88 50.1 (9.5) 77 27 (31) 8 (30) 7 (88) 4 (57) 4 (100)

9. 59 48.0 (7.9) 83 34 (58) 17 (50) 15 (88) 8 (53) 4 (50)

10. 163 55.6 (9.4) 84 23 (14) 8 (35) 7 (88) 4 (57) 4 (100)

total 1219 50 (9.7) 79 487 (40) 181 (37) 107 (59) 76 (71) 70 (92)
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Figure 2. HCV cascade of referral in 10 addiction care units after the Breakthrough project

2A: Completion of each step in the referral cascade in relative frequencies.

First bar: percentage of HCV antibody uptake in all methadone clinic clients; second bar: percentage 
of HCV RNA uptake in all methadone clinic clients with positive HCV antibodies; third bar: 
percentage of hospital referral in all methadone clinic clients with positive HCV RNA.

2B: Completion of each step in the referral cascade in absolute numbers. 

Abbreviations: HCV, hepatitis C virus; IgG, immunoglobulin G; RNA, ribonucleic acid.
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Interviews and conferences
Situation before the Breakthrough project
Participants often described somatic (i.e. ‘of the body’) and / or infectious diseases as 
“only a small part of the job” or perceived them as “extra responsibilities” that frequently 
got neglected if their regular tasks were too time-consuming. They indicated that 
awareness of HCV had sometimes peaked during participation in different projects but 
often faded thereafter. Participants spoke about contributing factors such as “outdated 
protocols” and “a high workload.” A renewed incitement had been the biannual somatic 
screening, including possible HCV screening, that was made obligatory by inclusion in the 
professional guideline in 2012 18. These updated guidelines had been part of the motivation 
to participate in the Breakthrough project for some.

Experiences with the Breakthrough project
The Breakthrough project had been an overall good experience for the participants. The 
interviewees expressed their content about a stimulating team-spirit and the inspiring 
central conferences with high educational value. They learned that their knowledge of 
HCV had been insufficient prior to the project.

“It occurs much more often than you would assume based on symptoms only or than those 
diagnosed by coincidence.” […] “A lot of clients say: “No, testing is not necessary for me because 
I do not inject!” Well, we know better by now so we dispute that argument.”

Participants specifically praised the motivating feedback they received from the expert 
team. They indicated that some tempering of their enthusiasm had contributed to setting 
more realistic goals and that they had actually felt over-demanded during previous projects. 

“The experts were very helpful. Most of all during the roll-out: “So when you start, what group 
will you target first and how will you go about this?” Then it quickly became clear we were taking 
on way too much. This was very insightful.”

Essential elements for successful participation in the Breakthrough project constituted 
full support of both the management and a committed hepatology specialist, as indicated 
by the different team members. Because teams consisted of specialists and nurses of both 
addiction care and hepatitis centers, broad support was created within organizations. The 
close collaboration with the hepatitis treatment center had made it easier to consult with the 
specialized hepatology nurse about individual clients and to refer them when needed. A further 
expansion of the multidisciplinary team through involvement of healthcare partners outside of 
the addiction care center such as mental health services, sheltered housing or other outpatient 
care service providers or even a neighborhood policeman was also positively evaluated. 
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Two interviewees affirmed that the HCV healthcare pathways had blended in completely 
with their daily activities after the Breakthrough project. To secure this final integration, 
several teams had incorporated the HCV healthcare pathway in an overall somatic 
screening protocol. 

“I’m proud of what we’ve achieved - we have a hepatitis C pathway. It’s not only about actually 
having one, […], but mostly that it’s a part of the usual care we provide.

Naturally, all teams also experienced difficulties in the implementation of the pathway 
such as “changes in staff,” “limited capacity of the hepatitis treatment center for which 
reason implementation was phased” and “a shortage in addiction care specialists who were 
responsible for the somatic screening.” ‘Registration’ was a key limiting factor, both before 
as well as during the project. For instance, many teams experienced problems in finding 
results of previous hepatitis C screenings in patient files. The HAC Breakthrough project 
members put emphasis on the need and benefits of proper registration.

HCV healthcare pathway: best practices and points of improvement
During the central conferences, a wide variety of tips and best practices were summarized 
that helped to limit drop out of PWID in the HCV cascade of care according to the 
participants. The main finding was that – from addiction care and hepatitis center working 
together – played a key role in making the project a success.

To optimize the pre-screening phase, several teams organized training in (motivational) 
counselling for the addiction care staff in order to inform clients about their risk behavior 
and to persuade them to get tested. Also, hepatitis nurses were trained on the subject of 
addiction, so that they would have a better understanding of patients’ behavior. In the 
screening phase, a number of teams had positive experiences with the use of oral swabs 
for anti-HCV testing. Team members felt that clients were more inclined to have an oral 
swab test and were more motivated to have further blood tests if the oral swab test came 
out positive. Other teams choose for direct blood testing because of the advantage to 
simultaneously test for HBV or HIV. Some addiction care units facilitated complementary 
HCV RNA testing in case of a positive anti-HCV test by storing some extra blood. As a 
solution for the difficult-to-reach clients who are often a “no-show” at the outpatient 
laboratory service, teams suggested “on-site venipuncture” or “supervised visits of 
laboratory facilities.” Both solutions however would require extra financial resources 
for the additional tasks and / or training of the addiction care workers, which was not 
always an option. During the work-up and treatment phase, a psychiatric consultation and 
the evaluation of current birth control measures were found relevant by various teams and 
this was organized upon indication. Several addiction care units coordinated hospital visits 
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accompanied by the addiction care nurse, outpatient care services or a sheltered housing 
supervisor during treatment on the basis of the clients’ specific needs. Naturally, clients 
preferred a fibroscan over a liver biopsy and a one-stop-shop appointment over multiple 
hospital visits as was reported by the team members. A number of teams reported positive 
results on the employment of peer support during HCV therapy. A barrier for the addiction 
care workers to follow up on the client’s treatment progress at the hepatitis treatment 
center was that following up on treatment progress is not the main responsibility of 
the addiction care specialist but that of the hepatology specialist and / or the general 
practitioner. 
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DISCUSSION

To our knowledge, this is the first study to assess the Breakthrough method for a quality 
improvement project in addiction care in order to contribute to final HCV elimination in 
PWID. Prior to the HAC Breakthrough project, most of the participating addiction care units 
had no organized HCV care at all. The HAC Breakthrough project aimed to ensure linkage 
to care of HCV-infected PWID by introducing comprehensive and clearly defined local HCV 
healthcare pathways in 80% of all participating addiction care units. After retrospective 
quality assessment, 83% of all six pathways, submitted by a total of 10 teams, were deemed 
of either “good” or “sufficient” quality. This was deemed an encouraging result of the HAC 
Breakthrough project, still taking into account that 2 out of 12 teams failed to present 
their final healthcare pathway and were excluded from the critical appraisal. Considering 
the excellent referral rate of 92% in the HAC Breakthrough project, it appears that the 
healthcare pathways have contributed to the realization of the other main project aim, 
which was to achieve adequate linkage to specialist care. Full support of the management 
and a committed hepatology specialist were considered essential elements for successful 
participation in the Breakthrough project. In addition, addiction care and hepatitis center 
nurses working together made the project a success; they were important in making and 
implementation of the local pathways.

Uptake of HCV screening seemed to have improved during the HAC Breakthrough project: 
6.1% of all registered HCV antibody tests were performed each year during the limited 
time-span of the two series of the HAC Breakthrough project (2013-2016) compared to 2.1% 
annually in the 11 years before start of the project (from 2002 until 2012). These results suggest 
an increased efficiency of the HCV screening process even though not all anti-HCV tests 
could be accounted for due to missing screening dates. These missing test results probably 
explain the relatively low HCV test uptake in our project compared to two other Dutch 
studies in PWID (53-66%) 7,30. There was an incremental relative yield in the outcomes of 
each step of the HCV referral cascade: 40% HCV-antibody screening uptake (in all clients at 
risk), 59% HCV-RNA testing uptake (in all HCV- antibody positives) and 92% referral rate (in 
all HCV-RNA positives). This referral rate in the HAC Breakthrough project is considerably 
higher in comparison to the large Dutch information campaign in PWID in 2009-2010 (92% 
vs. 77%) 19. Best practices that contributed to this accomplishment, according to the teams, 
included training in motivational counseling, oral swabs for anti-HCV testing, facilitating 
complementary HCV RNA testing and supervised hospital visits. Outside of the Netherlands, 
a number of interventions including facilitated referral and scheduling of specialist 
appointments have been investigated in a randomized clinical trial setting and successfully 
improved linkage to care (51-82%) in HCV-infected PWID 31. Differences in design, setting and 
outcome measures however complicate direct comparison between studies. 
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The treatment completion rate in HCV-RNA positives in this study seemed rather low 
with 39%, however the project was predominantly run in the pre-DAA era (DAAs became 
reimbursed by the healthcare insurance as of November 2015) and patients without 
advanced fibrosis of cirrhosis often remained in outpatient care until the DAAs became 
available (i.e. DAA-warehousing). Treatment uptake might be improved if evidence-based 
best practices, such as employment of peer workers 32 or dedicated local facilitators 33, 
are more broadly implemented in all participating addiction care units. The high rate of 
persistent viremia (42%) in anti-HCV positives underlines the necessity of QIC initiatives, 
like the HAC Breakthrough project, in order to achieve final micro-elimination in this 
high risk-group. With referral tackled as shown by this study, the largest gap to be closed 
in the HCV referral cascade in Dutch PWID appears to be the uptake of HCV-antibody 
screening. An absent risk of (possible) exposure to HCV, as indicated by the patient, was the 
main argument to abstain from anti-HCV screening during the HAC Breakthrough project. 
However, self-reported exposure or risk behavior has been described as an unreliable 
parameter to estimate the true risk of HCV. For instance, several studies report high HCV 
prevalence (41%-66%) among people who use drugs who declared never to have shared 
needles 34–36. To sidestep this uncertainty, we advocate a “once-in-a-lifetime screening 
practice” for the presence of HCV-antibodies in PWID without further risk behavior, as 
an absolute minimum. Other explanations for the high drop-off at the anti-HCV testing 
uptake included clients repeatedly not showing up for blood testing and incomplete 
registration.

This study has a few limitations. First of all, quality assessment of the HCV healthcare 
pathways was done retrospectively. Even though teams were educated on the content 
and creation of a healthcare pathway, the specific scoring system to assess the pathways 
was put together after the end of the project, which may have led to lower final scores 
of the pathways. On the other hand, it can be argued that the current design of HAC 
Breakthrough project is a better reflection of daily practice and that its results are 
therefore more generalizable. Secondly, even though the number of variables was 
limited, data collection was challenging in this study with a high proportion of missing 
values. Specifically, information on follow-up in the hepatitis treatment center was not 
always available due to lack of the client’s consent but also since following-up on HCV 
treatment was not considered the main responsibility of the addiction care staff during 
this project. Consequently, differential attrition across the HCV cascade of care cannot 
be ruled out and may have biased the results in this study. The registration issues are 
partly inherent, as indicated by several Breakthrough teams, to outdated and unstructured 
electronic patient files, which complicated the data extraction and also made it more time 
consuming. Moreover, data collection on test results had not been the main focus of the 
HAC Breakthrough Project. This might have led to an underestimation of the absolute 
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numbers of HCV-infected patients who were diagnosed, referred and completed treatment. 
As mentioned previously, treatment uptake and completion in PWID is expected to 
have increased drastically with the current availability of highly efficient DAA-therapy. 
Finally, the number of qualitative in-depth interviews was relatively small but these could 
fortunately be complemented with the conference summary reports. The findings of this 
study are applicable to settings with highly accessible HCV and SUD care.
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CONCLUSION

The HCV in Addiction Care Breakthrough project has brought about good quality HCV 
healthcare pathways in the majority of the participating addiction care centers and has 
led to improved collaboration between addiction care and hepatitis treatment centers. 
Furthermore, it has been very successful in linking HCV-infected PWID to care considering 
the high referral rate. The design of the HAC Breakthrough project in combination with 
the best practices could be of use for other addiction care centers that aim to improve 
local HCV care. Uptake of HCV antibody screening and treatment after referral have been 
identified as the main gaps to be closed in the HCV cascade of referral in order to achieve 
final micro-elimination in this high-risk group.
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INTRODUCTION

This year we mark the 30th anniversary of the discovery of the hepatitis C virus (HCV) and 
the treatment landscape could not have changed more for any infectious disease. The 
accelerated evolution of HCV therapy finally culminated with the launch of potent direct-
acting antivirals (DAAs) which inspired the vision to eliminate the disease as a public 
health threat 1. National response towards HCV elimination is gaining momentum and 
an increasing number of countries have installed hepatitis elimination committees and 
set local elimination targets (WHO 2017). The recognition of the therapeutic advances but 
also the threat of HCV, of which the mortality is projected to surpass that of HIV/AIDS by 
the year 2040, 2 helped to create a sense of urgency for action and many believe the WHO 
HCV elimination targets to be achievable with sustained and coordinated effort 1. Before 
low-endemic countries like the Netherlands can transition to elimination, gaps that exist 
across the HCV cascade of care need to be closed in each specific risk-group, i.e. micro-
elimination For this reason, this thesis investigated strategies to enhance engagement 
in care of HCV patients in order to promote final micro-elimination. In this chapter, the 
clinical implications of the studies will be discussed first, together with the main gap in 
the HCV cascade of care, followed by an elaboration on two main (research) directions 
that are important in order to achieve hepatitis C micro-elimination in the Netherlands.

Optimizing hepatitis C care delivery by involving the patient
The performance of the DAAs in phase 3 clinical trials and daily practice up until 2016 was 
reviewed in chapter 2 and it was illustrated that several second-generation all-DAA regimens 
achieved viral eradication in ≥95% in different type of patients other than those with prior 
NS5A-inhibitor exposure or decompensated cirrhosis. In the following years, the treatment 
of HCV continued to be a rapidly progressing field in the following years and the scientific 
communities are currently dotting the i’s by pursuing even shorter DAA therapy courses 
of 8 weeks, including for patients with liver cirrhosis 3. Nevertheless, the HCV treatment 
revolution has factually come to an end. Naturally, the outstanding cure rates that the DAAs 
offer boosted anticipation of an increasing future healthcare engagement among HCV 
patients. However, contrarieties emerged between these raised expectations and the delivery 
of care and treatment that was finally achieved across the Dutch HCV cascade of care in 
several studies in this thesis. In chapter 8, the results of a national HCV micro-elimination 
initiative in addiction healthcare (Breakthrough project) were described and although 
92% (N=70/76) of all the identified chronic HCV infected clients was referred to a hepatitis 
treatment center, only 39% (N=27/70) of those referred, initiated treatment. In addition, 
the ‘REtrieval And cure of Chronic hepatitis C’ (REACH) project in the Utrecht province 
in chapter 4 that aimed to bring back into care lost to follow-up (LFU) HCV patients by 
means of screening positive HCV diagnostics from the past obtained a modest yield by 
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tracing 17.4% of the overall LFU HCV study population. Both yields were somewhat lower 
than anticipated beforehand and probably reflect ongoing barriers to care delivery. The latter 
discrepancy between prior retrieval expectations and final results may be better appreciated 
in light of the results in chapter 6 in which in-depth interviews were adopted to investigate 
reasons for previous loss to follow-up in retrieved HCV patients. The qualitative analysis 
uncovered the transformative process that patients went through after their diagnosis and 
it was deduced that several factors, including stigma, guilt and a lacking prior treatment 
perspective, finally led to participants achieving a new balance in which they marginalized 
having chronic HCV. The existence of such an (persistent) underlying process in LFU HCV 
patients warrants for more active case-finding efforts with intensified outreach strategies 
from (primary) healthcare services in this group in the future. Learning more about the 
patients’ perspective on the current HCV care and treatment (prospects) can thus offer novel 
insight about existing barriers to care and lead to optimization of intervention strategies. 
Further onwards, HCV patients should also be invited to participate in the development 
process of targeted interventions across the HCV cascade of care. Such a strategy is certainly 
fitting with the current value-based and patient-centered healthcare paradigm 4 that aspires 
to maximize health outcomes which are most relevant to the patient. Value-based healthcare 
models put emphasis on measuring patient-reported outcomes (PROs) as has been done in 
the prospective cohort in chapter 3. This study revealed that many PROs during and after 
HCV treatment, including the health-related quality of life (HRQL), are no longer negatively 
affected by the all-DAA regimens. This is essential since, even though DAA treatment 
improves important clinical outcomes 5,6 it is the improved psychological wellbeing that 
perhaps has the most effect on patients’ lives 7. To optimize HCV care delivery, existing 
clinical outcomes should be complemented with patient-generated measures of HCV disease 
and the selection process of these outcomes requires a multidisciplinary effort and patient 
involvement. As a final step, the patient-reported health data should be firmly integrated in 
daily clinical care practice. By taking into account the patients’ perspective on the observed 
suboptimal HCV care uptake, interventions aiming to diminish existing gaps across the HCV 
cascade of care might be more effective in the future.

The main gap in the hepatitis C cascade of care: finding the (un)diagnosed patients
Both in the Netherlands as well as in other parts of the world, the identification of (un)
diagnosed chronic HCV patients is considered one of the major challenges that should 
be given the highest priority if diagnostic and treatment levels required for elimination 
scenarios are to be achieved 8. In chapter 4, the retrieval of previously diagnosed LFU HCV 
patients proved relatively straightforward and moderately feasible as 28.3% of the LFU HCV 
patients in the Utrecht region could be traced. Since HCV retrieval has a higher relative and 
absolute yield and lower time and financial investments compared to many HCV screening-
projects 9,10, case-finding by means of retrieval should definitely be pursued with priority. 
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To this end, the Dutch nationwide ‘Hepatitis C Elimination in the Netherlands’ (CELINE) 
retrieval initiative was launched in 2019, adopting the REACH-framework and also its best 
practices, including direct patient contact without interference of the general practitioner 
(GP), and will try to match the results of REACH during its three year running time 11. Case 
finding of the undiagnosed HCV patients will constitute the subsequent challenge, as the 
proportion of unscreened HCV positives in the Netherlands remains unclear. International 
estimates vary between 50-78% 12–14 and one Dutch study estimated that 66% of HCV 
positive patients remained hidden in to care in 2012 15. Since HCV case-finding campaigns 
that target the general population were found not to be cost-effective in the Netherlands 
16, screening strategies are currently directed at populations with an increased risk-profile 
17. Some of these risk-groups such as HIV-positives, people who inject drugs (PWID) and 
prisoners, who are in regular contact with specialized health-care providers, can readily be 
reached provided that there is sufficient awareness, coordination and financial means in the 
local health system. While the monitoring of the HIV-population constitutes an exemplary 
setting, these conditions are unfortunately often not met in Dutch addiction health care 
and penitentiaries. As a consequence, systematic screening for HCV is still not firmly 
integrated in daily practice in these health care systems, even though this is recommend 
by their professional guidelines 18,19. The detainees are particularly disadvantaged since the 
compulsory Dutch health insurance is canceled upon imprisonment and all health care 
costs from then on are covered by the Ministry of Justice. This is an undesired situation 
that should be abolished since the high DAA-prices can easily put a strain on this budget, 
which can be a disincentive for treatment, while HCV screening and treatment during 
detainment might even be cost-effective from a societal perspective. The latter however 
remains to be confirmed by studies. So far, the prison environment has been overlooked 
as a high-risk HCV (research) setting and more ‘attention for detention’ is warranted. 
In addiction health care, the HCV epidemic appears ongoing as 42% of those with HCV 
antibodies present had persistent viremia. As specified previously, achieving linkage to 
care and final treatment uptake seems to be the most challenging (92% referral but 39% 
DAA treatment initiation (chapter 8). While many evidence-based strategies to improve 
HCV treatment uptake exist, organizational and financial barriers in the Breakthrough 
project frequently hindered implementation of these practices. Prolonged efforts, in design 
much like described in chapter 8, with decentralized, bottom-up interventions and central 
coordination are still necessary to improve the HCV cascade of care in these groups. 

Other individuals who have been at risk for HCV, such as those in whom transmission 
occurred through unsafe invasive procedures or infected blood products (with the exception 
of individuals with an inherited bleeding disorder) are more difficult to target especially since 
up to 17% of the HCV infected do not report exposure to blood or injections 20. Many of these 
‘difficult-to-identify’ patients are probably first-generation migrants who are disproportionally 
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affected by HCV through unsafe invasive procedures in their country of origin 21. A recent 
study described HCV screening in migrants to be cost-effective even in a low-endemic setting 
like the Netherlands 22. Risk-based HCV screening in migrants at the GP’s office however is 
insufficiently performed due the lack of awareness of and experience with HCV, which is 
inherent to the relative rarity of the disease. Contemplating that the prevalence is anticipated 
to diminish further in the future, it cannot be expected from GPs to gain expertise on a subject 
with which they will decreasingly be confronted. On-site, specialized (technological) support 
should rather be offered, e.g. by hospital-trained hepatitis nurse specialists or physician 
assistants who are trained in point-of-care testing, diagnostic algorithms that analyze risk-
profiles or automated decision making tools in case of positive test-results. At the same time, 
risk-population screening-projects outside of the GP’s office could be of value but these are 
currently held up at the gate due to the Population Screening Act-based regulations. These 
restrictions are scheduled to be uplifted in 2019, which would allow for expanded screening-
efforts to take place again, including in first-generation migrants. To further close the net on 
HCV affected migrants, an HCV entry screening should also be considered. The feasibility of 
integrating migrant focused HCV screening programs with other diseases that have a common 
transmission route such as HIV and HBV or overlapping endemicity like tuberculosis has 
been investigated but since the yield was low a prescreening selection based on risk-factors 
other than the country of birth is probably necessary 23. Finally, the elusive Dutch native HCV-
infected in whom transmission occurred through isolated exposure incidents presumably do 
not receive regular care and therefore are difficult to target and their contribution to the total 
HCV burden of disease remains uncertain 24. Non-targeted screening for HCV, for instance at 
the emergency department (ED), has not been investigated in the Netherlands but it was found 
not to be cost-effective for HIV 25. In a Belgian non-targeted ED screening project a viremic 
HCV prevalence of 0.5% was observed but the majority of the identified chronic HCV patients 
had been previously diagnosed 26. In light of the declining Dutch HCV epidemic, non-targeted 
screening at the ED is therefore probably not feasible. National HCV information campaigns 
directed at the general public, broadcasting through different (social) media and taking into 
account different education and literacy levels are presumably most suitable to reach these 
individuals. 

Besides finding the prevalent chronic cases, early identification and treatment of acute HCV 
is paramount for further harm reduction and control. Since ongoing HCV transmission 
in the Netherlands is clustered in HIV-positive but also increasingly in HIV-negative men 
who have sex with men (MSM) 27–29, with a high proportion of re-infections, they should 
be targeted accordingly with prevention and screening practices and early treatment 
initiation 30. Last, even though HCV incidence in Dutch PWID has been drastically lowered 
among others due to extensive harm reduction practices, continuous efforts should be put 
into maintaining these levels.
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Hepatitis C burden of disease estimation in the Netherlands
“To measure is to know” is a well-known quote and this certainly applies to the estimations 
on the Dutch HCV burden of disease since these are subject to considerable uncertainty 
and also frequently based on outdated (input) data. Illustrative is the most recent estimate 
on the Dutch viremic HCV population size that predominantly adopted pre-DAA data for 
the largest risk-groups and failed to acknowledge that the elaborate retrospective clinical 
record review of HCV patients in Chapter 4 revealed that at least 50% of the diagnosed 
group was either cured or deceased in 2017 24 as was confirmed by other retrieval projects 
31. In addition, the amount of undiagnosed HCV patients with an active infection may 
generally be overestimated since both a large birth cohort screening project in the South 
of the Netherlands as well as the last national serosurvey (PIENTER-2) did not identify any 
new chronic HCV infections in Dutch natives 21,32. It is therefore that I believe the actual 
national viremic HCV population not to be even be half the reported point estimate of 
22,885 (low-high estimate 8,461 to 37,809) 24. Updated high quality epidemiological data are 
necessary to better estimate the HCV prevalence and incidence and the HCV associated 
mortality but also to monitor the progress towards elimination in the Netherlands. 

Prevalence estimates are preferentially derived from biomarker surveys (in contrast to 
modeling studies) that also report on the HCV RNA positive fraction since this best 
reflects the proportion of patients who are in actual need of treatment. These surveys 
are inherently more costly and carry more uncertainty in low endemic areas like the 
Netherlands as is reflected in the 2006-2007 PIENTER-2 national survey that identified a 
weighted seroprevalence of 0.17% in indigenous Dutch inhabitants (in contrast to a 2.12% 
seroprevalence in first-generation migrants) but 0/4 patients had an active infection 
which can hardly be extrapolated to the general population born in the Netherlands 21. 
Acquiring updated information through national biobanks (PIENTER-3 collected data 
between 2016-2017) will be increasingly difficult in light of an anticipated decrease in the 
viremic prevalence as a consequence of DAA treatment but also because of the declining 
willingness to participate in these surveys 33. Another source could be the mandatory 
notification data of the Municipal Health Service (GGD) which as of 2019 once again 
includes chronic HCV however only the newly diagnosed cases require notification. An 
extended notification involving previously diagnosed chronic HCV patients would be 
of great value but unfortunately this oversteps the responsibilities of the public health 
authorities. Considering the low-endemic nature of the Dutch epidemic, the most 
appropriate solution would be a national prospective registry of newly diagnosed and 
untreated HCV patients that would both provide knowledge on the number of active 
infections but also allow for monitoring on the progress towards HCV elimination. The 
review on Dutch hepatitis C elimination in chapter 7 describes that the latter is hardly 
possible since data on DAA treatment uptake is not available for any specific high risk-
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groups but those with a HIV-coinfection or with an inherited bleeding disorder 28,34. A 
registry, together with retrospective information on the follow-up status of previously 
diagnosed Dutch HCV patients which will be obtained by the nationwide CELINE retrieval 
project 11, would provide a comprehensive overview on the total number of HCV patients. 
Although a pilot project for prospective registration was run in several hospitals linked 
to the Dutch HIV monitoring foundation (SHM) 35, nationwide implementation up until 
now has not been realized but should still be pursued. 

In contrast to the prevalent infections, the HCV incidence is typically more difficult to 
estimate, especially since in chronic conditions prevalence cannot be used as a proxy for 
acute infections. Specific complicating factors include the largely asymptomatic course 
of disease and the lack of biomarkers that indicate recent infection. The national HCV 
incidence is monitored through mandatory notification and appears steadily low with 
30-80 annual acute HCV infections 27 and there even has been a declining incidence in the 
closely monitored longitudinal cohort of HIV-infected, suggesting that DAA-treatment 
as prevention is effective in populations at risk but these results cannot unequivocally 
be generalized to the general population 30. Even though cohort-derived incidence trends 
only reflect a selected population and notification data suffer from underreporting, these 
methods are still generally preferred over different modeling based estimates (e.g. using 
prevalence data disaggregated by age groups) and are thus considered the best available 
evidence at this time. 

Optimizing the Dutch national hepatitis C elimination plan
Taking into account that the Netherlands has one of the highest qualities of healthcare 
in Europe with top rankings in European Indices for many years, the system should be 
fully equipped to successfully follow through a national HCV elimination plan 39. There 
are several steps essential to creating a comprehensive elimination plan and these 
among others include: a) defining measurable targets; b) setting time-limits; c) creating 
accountability; d) specifying funding sources and also a budget plan; e) building a coalition 
with wide representation to ensure political and financial support and f) generating data 
to assess the HCV burden of disease and monitor the program performance. Unfortunately 
the Dutch NHP does not meet with all these vital criteria.

First of all, the formulation of the main goals of the NHP, which are to reduce the 
transmission of HCV and the associated morbidity and mortality, are neither numerical, 
nor are they time-limited. The lack of these defining aspects complicates the evaluation 
of the NHP and outcome targets should be redefined to facilitate assessment of the NHP’s 
accomplishments in the future. Another unspecified key element constitutes a budget 
plan or the funding sources. At the moment, the NHP has no dedicated funding which 
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is unfortunate since financed national plans are making the most progress towards 
HCV elimination 42. The WHO recently urged nations to develop country-specific HCV 
elimination investment cases, expressing the estimated resources needed, a plan for 
filling any resource gaps and including an estimation of the final returns on investment 
40. Lessons can be learned from those combatting the HIV/AIDS-epidemic who, among 
others through an active patient community, ensured a high awareness level, public and 
political support but also funding throughout the years 41. This also touches on the point 
of building a strong coalition since, even though extensive deliberation took place with 
different patients’ and specialists’ associations, funding organizations or financial experts 
were not involved in the NHP development process. In conclusion, it is safe to say that 
the Dutch NHP is in need of a revision in order to more effectively work towards its main 
objective in the future, which is micro-elimination of hepatitis C.
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CONCLUSIONS

At the start of this thesis, the excellent performance of DAAs (chapter 2) provided 
the scientific feasibility of future HCV micro-elimination which should be aspired in a 
comprehensive, patient-centered setting, taking into account patient-relevant outcomes 
(chapter 3). Several studies in this thesis contributed to the reduction of the viral hepatitis 
reservoir in the Netherlands by enhancing (our understanding of) engagement in care and 
promoting micro-elimination in different risk-groups (chapter 4, 5, 6 and 8). Hepatitis C 
care delivery should be further optimized by taking into account the patients’ perspective 
on barriers to the healthcare and through patient involvement in the development of 
intervention strategies across the HCV cascade of care. Remarkably, the retrospective 
analysis of REACH in chapter 4 revealed that the HCV burden of disease might have 
already diminished further than previously expected since approximately half of the 
diagnosed population had already been treated or was deceased. However, the overview 
of the progress towards micro-elimination in chapter 7 elucidated that without high-
quality epidemiological surveillance data, we are flying blind towards this final goal. 
What we need is a revision of our national hepatitis plan in order for it to include novel 
numerical and time-limited targets with assigned accountability. To support this ambition, 
different stakeholders in the field should look to join forces to obtain dedicated funding 
by creating a Dutch HCV elimination investment case that needs to be substantiated by 
high quality surveillance data, which will preferably be derived from a prospective national 
HCV registry. With such combined and coordinated efforts, the WHO 2030 elimination 
goals may still be attainable.
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INTRODUCTIE

Het hepatitis C virus (HCV) is een RNA virus dat met name de lever infecteert en de 
voornaamste wijze van overdracht is direct bloed-bloedcontact, op grote afstand gevolgd 
door seksuele overdracht in mannen die seks hebben met mannen (MSM). Bij een nieuwe 
HCV besmetting is er gemiddeld 75% kans dat de infectie chronisch wordt en op de lange 
termijn geeft een chronische HCV risico op het ontwikkelen van levercirrose (16% na 20 jaar) 
en een hepatocellulair carcinoom (1-3% per jaar vanaf 30 jaar na de infectie). Wiskundige 
modellen schatten dat er wereldwijd 71.1 miljoen mensen chronisch geïnfecteerd zijn met 
HCV en in Nederland ligt dit aantal rond de 23.000 ooit chronisch geïnfecteerde personen 
(lage en hoge schatting tussen de 8000 - 38.000 personen). De behandelingsmogelijkheden 
zijn sinds de ontdekking van HCV in 1989 spectaculair verbeterd en de genezingspercentages 
van rond de 10% die werden behaald met de allereerste interferon alfa therapie hebben nu 
de 95% bereikt door nieuwe direct-werkende antivirale middelen (DAAs). Het voordeel 
van de DAAs is dat alle patiënten, onafhankelijk van het genotype of fibrose-stadium, 
nu behandeld kunnen worden terwijl in het interferon-tijdperk hier nog restricties 
in waren. Het hoofddoel van een HCV behandeling is het bereiken van een sustained 
virological response (SVR), oftewel een ondetecteerbaar HCV RNA, 12 weken na staken 
van behandeling omdat dit geassocieerd is met een verbeterde lange-termijn overleving. 
Echter is er, aangezien de hoge kans op genezing nu een gegeven is en de DAAs een heel 
gunstig bijwerkingsprofiel hebben, ook meer aandacht gekomen voor het verbeteren 
van de HCV gerelateerde morbiditeit. Deze morbiditeit wordt veelal veroorzaakt door de 
extrahepatische verschijnselen van de HCV (o.a. depressie en vermoeidheidsklachten) en 
kan onderzocht kan worden met verschillende patiënt-gerapporteerde uitkomsten (PROs) 
zoals de gezondheidsgerelateerde kwaliteit van leven (HRQL). 

De uitstekende behandelingsperspectieven van de DAAs hebben HCV getransformeerd 
tot een infectieziekte met mogelijkheden tot (wereldwijde) eliminatie. Om dit te 
bewerkstelligen heeft de World Health Organization (WHO) doelstellingen geformuleerd 
met betrekking tot de dekkingsgraad voor HCV gerelateerde zorg die zouden moeten 
leiden tot een 90% reductie in het aantal nieuwe HCV infecties en een 65% afname in 
de HCV gerelateerde mortaliteit in het jaar 2030. Alhoewel het aantal behandelde HCV 
patiënten gedurende de laatste jaren wereldwijd evident is toegenomen, in Nederland 
met name sinds DAAs in november 2015 volledig zijn opgenomen in het basispakket van 
alle zorgverzekeringen, neemt de HCV gerelateerde mortaliteit nog niet af en blijven veel 
patiënten nog onbehandeld. Deze thesis onderzoekt daarom verschillende interventie- 
en implementatie strategieën om te realiseren dat zoveel mogelijk gediagnosticeerde en 
ongediagnosticeerde HCV patiënten toegang krijgen tot adequate zorg en een potentieel 
levensreddende behandeling.
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DE BELANGRIJKSTE BEVINDINGEN 
VAN DEZE THESIS

•	 Tweede generatie ribavirine vrije DAA regimes bereikten een SVR in 95% van de 
behandelingen in verschillende typen HCV patiënten in 2016

•	 Ribavirine vrije DAA behandelingen hebben geen nadelig effect meer op diverse PROs 
in tegenstelling tot de eerdere interferon therapie

•	 Retrieval van chronische virale hepatitis patiënten kan bijdragen aan het micro-
eliminatie-proces en is het meest succesvol wanneer regionaal uitgevoerd

•	 Chronische HCV patiënten die lost to follow-up (LFU) zijn geraakt bewaken een 
‘balans’ waarin zij de ziekte marginaliseren om hun welzijn te behouden

•	 De voortgang van HCV micro-eliminatie in Nederland kan niet goed worden 
vastgesteld wegens gebrek aan epidemiologische data
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SAMENVATTING RESULTATEN

Allereerst is in hoofdstuk 2 de effectiviteit van de DAAs gereviewd zoals die tot en 
met 2016 waren onderzocht in fase 3 studies en real life prospectieve cohorten. Uit het 
resultatenoverzicht van in totaal 20 gepubliceerde gerandomiseerde klinische trials (RCTs), 
10 cohorten en 2 real life cohorten kan opgemaakt dat de tweede generatie ribavirine vrije 
DAAs een SVR bewerkstelligen in meer dan 95% van de behandelingen in verschillende 
type patiënten maar de SVR was maximaal 86% in patiënten met gedecompenseerde 
levercirrose. 

In hoofdstuk 3 wordt een real life prospectief observationeel cohort beschreven waarin 
verschillende PROs en ook proxies voor de voedingstoestand van de patiënt voor, tijdens 
en na het stoppen van DAA therapie worden vergeleken. In de multivariabele analyse was 
ribavirine de enige onafhankelijke voorspeller voor een voorbijgaande daling in de mentale 
component van de HRQL die werd geobserveerd aan het eind van de DAA behandeling 
en deze was weer hersteld bij follow-up. Patiënten die DAA regimes zonder ribavirine 
gebruikten, hadden geen daling in hun HRQL en dit is overeenkomstig met wat er in de 
literatuur wordt beschreven. Verschillende RCT’s rapporteerden echter ook een significante 
stijging van de HRQL in HCV patiënten met ribavirine vrije behandeling, een verbetering 
die al significant werd in de eerste weken van de DAA behandeling en welke doorzette tot 
na het staken van de therapie. Deze resultaten konden niet worden bevestigd met dit real 
life cohort. Verder werd er in dit cohort aangetoond dat DAA behandeling geen effect had 
op de voedingstoestand proxies (BMI en handkrachtmeting) in tegenstelling tot de eerdere 
therapie met interferonen.

De uitkomsten van het ‘‘REtrieval And cure of Chronic hepatitis C’ (REACH) project in 
Utrecht zijn beschreven in hoofdstuk 4. Tijdens dit project zijn medische dossiers van alle 
patiënten die in de periode 2001-2016 een positieve HCV-test (anti-HCV, HCV immunoblot 
danwel HCV RNA) hadden in de vier regionale ziekenhuizen of het diagnostisch 
centrum voor huisartsen (Saltro), gescreend om reeds gediagnosticeerde maar LFU HCV 
patiënten te identificeren. Deze patiënten werden uitgenodigd voor een herevaluatie 
in het Universitair Medisch Centrum Utrecht en 42 chronische HCV patiënten werden 
aldus getraceerd. Retrieval was regionaal het meest succesvol aangezien 28.3% van alle 
patiënten woonachtig in de regio Utrecht werd teruggezien tegenover 7.7% van diegenen 
die daarbuiten woonden. Opvallend was van 24% van de geherevalueerde patiënten reeds 
leverfibrose had in een vergevorderd stadium (Metavir classificatie F3-F4). Na een mediane 
follow-up van 8 maanden was 59% van de patiënten gestart met DAA therapie of had een 
geplande startdatum. 
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Om nader te onderzoeken waarom de HCV patiënten in het REACH-project LFU zijn 
geraakt, werd een deel de getraceerde patiënten uitgenodigd voor een diepte-interview 
over dit onderwerp en de bevindingen hiervan staan in hoofdstuk 6. Een kwalitatieve 
analyse van de interviews, gebaseerd op de grounded theory, onthulde ‘het bewaken van de 
balans’ als onderliggend psychosociaal proces in HCV patiënten die lost to follow-up waren 
geraakt. De ‘balans’ die deze patiënten bewaakten, is een mindset waarin zij het hebben van 
HCV marginaliseren en confrontatie met de ziekte proberen te vermijden om zo het welzijn 
te herstellen. Patiënten bereikten deze balans door een transformerend proces dat volgde 
op het ontvangen van de initiële HCV diagnose. Vervolgens trachtten patiënten deze balans 
te bewaren door middel van ontwijkende gedragingen met betrekking tot de HCV. Voor 
een chronische infectie met het hepatitis B virus (HBV) is er geen genezing mogelijk maar 
bij een bestaande behandelindicatie, verlagen antivirale middelen ook evident de lever-
gerelateerde mortaliteit en morbiditeit. Om deze reden werd er ook een HBV retrieval 
project opgezet in de regio Utrecht waarvan de resultaten zijn terug te vinden in hoofdstuk 
5. De opzet was vergelijkbaar met REACH echter het voornaamste verschil was dat de 
huisartsen in de regio Utrecht werd gevraagd om LFU HBV patiënten te herevalueren die 
ook geïdentificeerd waren aan de hand van positieve HBV testen van de laatste 15 jaar. In 
totaal werden 599 herevaluatie verzoeken verstuurd en van 49% van de huisartsen werd 
een respons ontvangen wat inhield oftewel een uitkomst van de herevaluatie of nieuwe 
informatie over de follow-up status van de patiënt. Zes maanden na het verzenden van 
de brief aan de huisarts was 10% (N=62) van de geïdentificeerde patiënten geherevalueerd 
van hen werd 32% (N=20) verwezen naar het ziekenhuis

In hoofdstuk 7 worden strategieën gereviewd die HCV micro-eliminatie in Nederland 
nastreven. Hoewel vele activiteiten zijn ontplooid om dit te bewerkstelligen, werd duidelijk 
dat over de voortgang van micro-eliminatie geen conclusies getrokken kunnen worden omdat 
de epidemiologische data met betrekking tot retentie in HCV zorg veelal ontbreekt voor de 
verschillende risicogroepen met uitzondering van patiënten met een HIV/HCV coinfectie 
die nauwgezet gevolgd worden door de Stichting HIV Monitoring (SHM). Desalniettemin 
lijkt Nederland als laag endemisch land en met universele toegang tot DAA behandeling 
een goede uitgangspositie te hebben om HCV mirco-eliminatie in de (nabije) toekomst 
te bereiken. De uitkomsten van een HCV micro-eliminatie initiatief in de verslavingszorg 
staan beschreven in hoofdstuk 8. Dit kwaliteitsverbeteringsproject gebaseerd op de 
Doorbraak methodologie had als voornaamste doel om evidence based practices door te 
voeren in de dagelijkse praktijk en slaagde er in om HCV zorgpaden te introduceren die 
van “goede” danwel “voldoende” kwaliteit waren in 83% (N=10/12) van de deelnemende 
verslavingsklinieken. Van alle geregistreerde cliënten in de verslavingsklinieken werd 
40% gescreend op HCV. Van alle geïdentificeerde chronische HCV patiënten werd 92% 
(N=70/76) verwezen naar een nabijgelegen hepatitis behandelcentrum. In 39% (N=27/70) 
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van de verwezen patiënten was gedocumenteerd dat een behandeling was gestart. Hiervan 
bereikte uiteindelijk 82% (N=22/27) een SVR. In het HCV zorgproces in de verslavingszorg 
is de meeste winst te behalen als in de toekomst meer cliënten gescreend worden en een 
hoger percentage van de verwezen patiënten een DAA behandeling ondergaan.

In de algemene discussie in hoofdstuk 9 worden onderzoeksrichtingen voor de toekomst 
besproken zoals het verkrijgen van betere epidemiologische data met betrekking tot de 
HCV prevalentie en incidentie en HCV gerelateerde mortaliteit. Tevens verdient het de 
aanbeveling om numerieke en tijdgelimiteerde doelstellingen te formuleren en op te 
nemen in het nationaal hepatitis plan welke verder ook voordeel zou kunnen hebben van 
een specifiek investeringsplan voor het bereiken van HCV micro-eliminatie in Nederland.
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DANKWOORD

Dit proefschrift had niet tot stand kunnen komen zonder de onmisbare bijdrage en 
steun van een groot aantal mensen waarvan ik er een aantal graag in het speciaal wil 
bedanken.

Mijn promotor professor dr. A.I.M. Hoepelman, beste Andy, allereerst hartelijk 
dank voor de mogelijkheid om mijn promotieonderzoek te kunnen doen binnen de 
afdeling Infectieziekten. Ik waardeer enorm de vrijheid die ik heb gekregen om hier 
een eigen invulling aan te geven. Er was veel ruimte voor persoonlijke ontwikkeling 
en jouw begeleiding hierin, die gepaard ging met het overbrengen van een aantal 
levenswijsheden, heb ik erg gewaardeerd. We delen een voorliefde voor het waterpolo 
en eigenlijk ben je, en ik quote: ‘een topsporter met als hobby het hoogleraarschap.’ 
Jouw medische kennis en voortdurende passie voor zowel de wetenschap als de sport 
zijn inspirerend. 

Mijn co-promotor dr. J.E. Arends, beste Joop, jouw begeleiding gedurende de afgelopen 
jaren heb ik als bijzonder prettig ervaren. Tijdens onze besprekingen kwam jij meestal 
snel tot de kern van een probleem en ik kon altijd rekenen op jouw deskundige input. 
Je bent erg veelzijdig en de manier waarop jij vele werkzaamheden combineert is 
soms onnavolgbaar. Maar gelukkig had je ook tijd voor een kop koffie en alle (minder) 
relevante zaken in het leven. Ik wens je heel veel succes met het verder ontwikkelen 
van je eigen bedrijf Happi en weet dat ik altijd beschikbaar ben voor nog een lesje 
borstcrawl.

Alle patiënten die hebben meegewerkt aan de projecten in dit proefschrift wil ik in het 
bijzonder bedanken. Zonder u had veel van dit onderzoek niet kunnen plaatsvinden.

De leden van de leescommissie, professor dr. J.P.H. Drenth, professor dr. E.J.H.J. Wiertz, 
professor M.E.E. Kretzschmar, professor dr. F.P. Vleggaar en professor N.J. de Wit wil ik 
graag bedanken voor het beoordelen van mijn proefschrift.

Dr. van Erpecum, beste Karel, ‘een goed manuscript heeft wel vijftig versies nodig,’ is 
een uitspraak die ik niet zal vergeten en welke bijna waarheid werd voor ons project. 
Mede dankzij jouw inhoudelijke kennis, oog voor detail en streven naar kwaliteit, is 
het met succes afgerond en ik heb hier veel van geleerd. Ik wil je bedanken voor onze 
samenwerking.
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Het opzetten en afronden van zowel het hepatitis C en B heroporingsproject zou onmogelijk 
zijn geweest zonder de bijdrage van de leden van de hepatitis werkgroep Utrecht. Voor 
hun onuitputtelijke inzet en energie wil ik daarom graag bedanken: dr. Marc Verhagen, 
dr. Steven Thijsen, dr. Greet Boland, dr. Anne Wensing, dr. Bart Vlaminckx, Marieke 
Dimmendaal, Christine Schout, Frits Woonink, Paul Stadhouders, dr. Philip Friederich, 
dr. Annemarie Weersink, dr. Marjolein Deege en dr. Karel van Erpecum.

Beste Cas, Marleen en Sylvia, heel veel succes gewenst met de opzet en uitvoering van het 
landelijke hepatitis C heropsporingsproject CELINE.

Dr. Vervoort, beste Sigrid, kwalitatief onderzoek was nieuw voor mij en aan het begin van 
onze samenwerking wist ik van toeten noch blazen. Van jou heb ik ontzettend veel geleerd 
over de opzet en uitvoering hiervan en ik ben je hier erg dankbaar voor.

Dr. Croes, beste Esther, jouw presentatiekunst heb ik vaak afgekeken want met jouw 
enthousiasme en positieve instelling weet jij de toehoorders altijd te boeien. Ik bewonder 
jouw tomeloze inzet om hepatitis C uit de verslavingszorg te bannen. 

Beste Agnes en Anouk, het opschrijven van het hepatitis C doorbraakproject was denk ik 
net zo’n uitdaging als de uitvoering ervan. Verschillende keren zijn we van koers gewijzigd 
en zonder jullie doorzettingsvermogen was het niet tot zo’n mooi einde gebracht. 

Mijn student Suzan, jouw wetenschappelijke stage viel tegelijk met mijn eerste werkweek 
dus we waren allebei aan het pionieren in die periode. Onze samenwerking beviel zo goed 
dat je aan meerdere projecten hebt meegewerkt. Ontzettend leuk dat je in de USA verder 
bent gegaan met onderzoek op het gebied van hepatitis B.

Mijn kamergenootjes van Q4 – Bianca S, Marjolein, Nick, Mark en Rachel – bedankt voor 
alle gezelligheid tijdens onze lunches en koffiepauzes en borrels. Zeker de kerstperiode, die 
bij ons ongeveer 3 maanden duurde, zal ik niet vergeten.

Mijn collega arts-onderzoekers van de Infectieziekten, Faydra, Charlotte, Sonja, Bianca 
en Laura. Beste Faydra, als mijn voorganger hielp jij mij al voor de start van mijn 
promotieonderzoek op weg binnen de Infectiezieken waarvoor ik heel dankbaar ben. Jouw 
inzet en vastberadenheid zijn onder andere wat jou tot zo’n goede wetenschapper maken. 
Sonja en Charlotte, het was ontzettend fijn om zo’n warm welkom van jullie te krijgen toen 
ik begon. Met jullie kon ik altijd sparren over onderzoek en in ons ‘driehoekje’ is er veel 
gedeeld en gelachen. Ontzettend leuk dat we nu weer samenwerken in het Diakonessenhuis. 
Bianca B en Laura, na onze verbanning uit Q4 werden we  omgedoopt tot de ‘van Geuns 
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stakkers’ maar wij hebben daar toch onze draai gevonden. We hebben in korte tijd veel 
meegemaakt samen - 1 huwelijk, 1 verloving, 2 baby’s en 3 (bijna) Epidemiologie Masters 
– en ik had me geen lievere collega’s kunnen wensen!

Het secretariaat Interne geneeskunde, Jeanette en Margie, dank voor jullie ondersteuning 
de afgelopen jaren. 

De dames van de poli Infectiezieken, Marianne, Sacha, Janneke, Elly, Heidi en Hella, dank 
voor hulp bij het inplannen van alle opgespoorde hepatitis C patiënten.

Beste Joke, jij leerde mij om fibroscans te maken. Dit kwam goed van pas tijdens het 
onderzoek en voor even was ik een soort superheldin genaamd ‘fibrogirl’ op de poli.

Beste Evelien, fantastisch dat jij de omslag en lay-out van dit proefschrift hebt ontworpen 
en het eindresultaat is prachtig. Het is indrukwekkend hoe jij met jouw creativiteit er 
zoveel verschillende elementen in hebt weten te verwerken.

Beste dr. G.A.J. van Boekel en dr. A.F. Muller, beste Gerben enAlex, hartelijk dank voor de 
mogelijkheid om in het Diakonessenhuis te starten als arts-assistent. Ik kijk er naar uit 
om met de opleiding tot internist te beginnen.

Mijn lieve vrienden en familie die de afgelopen jaren een grote bron van steun voor mij 
waren wil ik graag bedanken ook al kan ik niet iedereen apart hier noemen. 

Lieve Wouter, mijn broertje, hoewel het niet jouw tak van sport is, toonde jij altijd interesse 
in mijn werk en onderzoek. Met jouw humor, die ik enorm kan waarderen, breng je altijd 
een lach op mijn gezicht. Lieve Chantal, met jouw openheid, neus voor lekker eten en als 
liefhebber van lekkere wijn druk jij je stempel op menig (familie)feest. Bedankt dat je er 
altijd bent, zowel voor Wouter als voor mij. Lieve Rosalie, mijn zusje en familiemens, je 
bent ontzettend zorgzaam en wilt altijd weten wat er in mijn leven speelt wat ik ontzettend 
lief vind.

Lieve Annemarie en Lisa, met woonplaatsen in alle (uit)hoeken van het land zien we elkaar 
toch zo vaak mogelijk voor een high tea, etentjes, verjaardagen en andere gezelligheid. 
Met onze kindjes er nu bij, hoop ik dat we dit in de toekomst nog vaak zullen doen. Lieve 
Marlou, vele jaren hebben we in hetzelfde team waterpolo gespeeld maar daarnaast waren 
er ook mooie vakanties, dansavondjes en heerlijke spa-dagjes. Wij raken nooit uitgepraat 
en jouw openheid vind ik prachtig. Dank voor jouw vriendschap. Lieve Ruth, met Walt 
Disney begonnen onze tripjes 15 jaar terug maar inmiddels gaan we naar Ibiza met mannen 
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en kids. Bij jou kan ik altijd terecht voor van alles want geen probleem of jij hebt er een 
waterdichte analyse voor en een plan van aanpak. Zingen kunnen we allebei (echt) niet. 
Dank dat je altijd zo’n lieve vriendin bent.

Lieve paranimfen, lieve Thyrza en Patricia. Thyrza, sinds ons co-groepje zijn we maatjes 
en sindsdien brachten we vele avondjes dansend, borrelend en pratend door. Jij bent een 
echte levensgenieter en dat vind ik fantastisch aan jou. Dank voor onze fijne vriendschap 
en dat jij er altijd voor me bent. Patricia, mijn naamgenootje maar wonderbaarlijk hoeveel 
meer we nog gemeen hebben. Vele etentjes, weekendjes weg en salsa-avonden hebben we 
doorgebracht maar misschien wordt na mijn vrijgezellendag toch waterskiën onze nieuwe 
hobby? Je bent mijn inspiratiebron als het om verre reizen gaat en ik hoop dat we ook 
samen nog vaak op pad zullen gaan.

Lieve Ineke, Onno, Ben en Celeste, mijn schoonfamilie die heel warm en welkom voelt. 
Dank voor al jullie interesse de afgelopen jaren en de mooie momenten samen.

Lieve Mam, lang voordat ik aan dit proefschrift begon, sprak jij al uit dat ik moest 
promoveren als ik die kans zou krijgen. Dank voor al je vertrouwen in mij. Lieve Pap, je 
bent al een tijd niet meer bij ons maar wel in gedachten, zeker op momenten als deze, en 
ik weet zeker dat je trots zou zijn geweest.

Mijn lieve Tycho en Emely. Lieve Tycho, met jouw ervaring in het onderzoek kon je mij 
vaak helpen met wat advies of relativeringsvermogen. En als dat niet hielp, was er nog dat 
zelfverzonnen liedje over mijn onderzoek waarbij ik niet anders kon dan hardop lachen. 
Ik geniet ontzettend van ons leven samen en ons mooie gezin. Mijn allerliefste Emely, wat 
een heerlijk meisje ben je, vrolijk en vol ontdekkingszin en humor. Je doet ons elke dag 
verwonderen en we zijn intens gelukkig met jou.
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CURRICULUM VITAE

Patricia Andrea Madelon Kracht was born in Naarden on the 16th of January in 1987. She 
started medical school in 2005 at the Utrecht University during which she completed 
clinical internships in Nicaragua and Ecuador. She initially combined her academic life 
with a with waterpolo career on a national level and interrupted her studies after the 2nd year 
to play full time waterpolo in Barcelona. After receiving her medical degree in December 
2012, she worked as a resident cardiology at the Meander Medical Center, resident internal 
medicine at the Tergooi hospital and resident intensive care at the Diakonessenhuis. 
Throughout the course of her residencies, she accompanied the Dutch women youth (u17) 
national waterpolo selection to several European and World junior championships as their 
team physician. In 2016, she started her PhD on hepatitis C care engagement by organizing 
the largest hepatitis C retrieval project up to that date under supervision of prof. dr. A.I.M. 
Hoepelman and dr. J.E. Arends. Next to her PhD, she completed the Postgraduate master 
Epidemiology at the University of Utrecht. In December 2019 she initiated her training in 
internal medicine in the Diakonessenhuis under supervision of dr. G.A.J. van Boekel. She 
is married to Tycho van der Spoel and together they have a daughter Emely.
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