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General introduction 





General introduction 

Discovery of the hepatitis C virus 

Hippocrates, in the fifth century BC, was the first person to describe a form of epidemic 
jaundice that was probably caused by viral hepatitis. Epidemics of jaundice caused by 
hepatitis have been described since then throughout history, and have been particularly 
common in times of war. The recognition of a form of hepatitis transmitted by blood products 
was first documented by Lurman in Germany in 1883 during a smallpox immunization 
campaign. Thousands of people received vaccine made from human lymph. Fifteen percent of 
them developed jaundice, while no such disease occurred among those who had not been 
vaccinated. In 1908 McDonald suggested that infectious jaundice was caused by a virus. In 
the year 1947 MacCallum classified viral hepatitis into two types: hepatitis A for "infectious" 
hepatitis transmitted by the fecal-oral route, and hepatitis B for "serum hepatitis" transmitted 
by the transfusion of blood products (1). These observations were confirmed in a series of 
studies by Krugman et al. in the 1960s and 1970s. These described two types of viral hepatitis 
, MS-1 and MS-2, in which MS-1 resembled hepatitis A and MS-2 hepatitis B (2). Around 
the same time Blumberg and Alter published their discovery of the Australian antigen that 
was later associated with the hepatitis B virus (HBV) (3). A couple of years later (1973) the 
hepatitis A virus was identified (4). The development of specific tests for the identification of 
the hepatitis B virus led to the introduction of hepatitis B surface antigen screening for all 
blood and blood products in the 1970s. However, post-transfusion hepatitis cases still 
occurred. It became apparent that these were being caused by one or more other viruses (non-
A, non-B) (5). The virus in question was finally identified in 1989 and reported by Choo et 
al.; it was subsequently called hepatitis C virus (HCV) (6). 

HCV structure 

HCV is a member of the Flaviviridae family of viruses, which includes the pestiviruses, 
flaviviruses and hepacivirus (7). It is a small, enveloped RNA virus with a positive-sense 
single stranded genome of approximately 9,600 nucleotides. It encodes a single polyprotein 
that is post-translationally cleaved into 10 polypeptides including 3 structural (C, El and E2) 
and multiple non-structural proteins (NS), NS2 to NS5. The NS proteins include enzymes 
necessary for protein processing (proteases) and viral replication (RNA polymerase) (8-10). 
HCV replicates in the cytoplasm of hepatocytes where it is not directly cytopathic. Persistent 
infection appears to rely on the rapid production of virus and continuous cell-to-cell spread, 
along with a lack of vigorous T-cell immune response to HCV antigens. The rate of viral 
production in hepatitis C is high, in the range of 1010 to 101 virions per day. There is also a 
rapid turnover of virus, at least in serum, the predicted half-life being 2 to 3 hours (11). 

HCV heterogeneity 

During viral replication errors may occur and consequently mutations may develop. As a 
result, HCV circulates in serum not as a single species but as a population of quasispecies 
(12; 13). The quasispecies diversity of HCV may contribute to the development of chronicity 
during infection and may contribute to immune escape during anti-viral therapy. Six major 
genotypes (1 to 6) and more than 50 subtypes (e.g., la, lb, 2a, 2b) of HCV have been 
described (12) 
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Worldwide the different HCV genotypes are not equally distributed (14). Genotype la is 
common in the United States and Northern Europe. Genotype lb has a worldwide distribution 
and is often found to be the most common genotype. Genotypes 2a and 2b are also worldwide 
in distribution and are particularly common in Japan and Northern Italy. Genotype 3 is most 
frequent in the Indian subcontinent; this genotype may have been introduced into the United 
States and Europe relatively recently, and may possibly have been spread by the injection of 
illegal drugs in the 1960s and 1970s, the hippie era. Genotype 4 is the most common genotype 
in Africa and the Middle East. Genotype 5 and 6 are rare and found in isolated geographical 
areas, genotype 5 in South Africa and genotype 6 in Hong Kong and Southeast Asia (15). 

HCV detection 

The diagnosis of an HCV infection is based on two categories of laboratory tests, namely 
serological assays detecting specific antibody to HCV (anti-HCV) and assays that detect, 
quantify, or characterize HCV-RNA in plasma. At present anti-HCV is identified by third-
generation enzyme-linked immunosorbent assays (EL1SA). Nucleic acid amplification 
techniques such as the polymerase chain reaction (PCR) and the transcription mediated 
amplification (TMA) are sensitive methods for the detection of HCV-RNA. These qualitative 
HCV-RNA tests discriminate between presence and absence of HCV in plasma; the detection 
limit of these tests varies from 5 to 50 IU/mL (16). Measurement of the amount of HCV-RNA 
in plasma can be performed by PCR or TMA techniques or by branched DNA (bDNA) assay. 
The detection limit of these quantitative tests varies from 30 to 615 IU/mL (17). In 1999 the 
World Health Organization established an international standard for HCV-RNA 
quantification and determined the international unit (IU), which is applied to all commercial 
HCV-RNA quantitative assays (18). HCV can be genotyped by direct sequence analysis, 
using reverse hybridization to genotype-specific oligonucleotide probes, or by restriction 
fragment length polymorphism analysis (19-21). Both methods identify the 6 HCV genotypes 
and a large number of subtypes. 

HCV transmission 

HCV is transmitted by percutaneous or permucosal exposure to infectious blood or blood-
derived body fluids. Before the introduction of anti-HCV screening in Western countries in 
1990, transfusion of blood and blood products was an important route of transmission (22). In 
hemophiliacs, the high prevalence of HCV infection of 46-76% rapidly fell to zero after the 
introduction of virucidal procedures for the preparation of plasma factor VIII concentrates 
(23). Other known risk factors associated with acquiring HCV infection (in the past), include 
transplantation of solid organs from infected donors, renal dialysis, injecting drugs, snorting 
cocaine, occupational exposure to blood and body fluids and mother-to-infant transmission 
(24-26). Currently, (in the USA) most newly acquired cases of HCV infection are associated 
with the injection of illegal drugs (68%), while 4% occur in health care workers frequently 
exposed to blood. This includes needle-stick injuries. Nosocomial, iatrogenic and perinatal 
exposures account for about 1 % of all cases. In 9% of cases the source has not yet been 
identified, see figure 1. 
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General introduction 

Figure 1 Sources of newly acquired HCV infections in the USA. 
Adapted from Alter (27). 

* "Other" includes nosocomial, iatrogenic and perinatal infections 

Whereas there is no controversy whether HCV is sexually transmissible, the contribution to 
the total number of HCV infected individuals is uncertain (28). A high degree of sequence 
homology between the viral strains of sexual partners has provided virological confirmation 
of that route of infection (29;30). However, the sexual transmission of HCV is much less 
efficient than that of other sexually transmitted viruses, including hepatitis B virus and human 
immunodeficiency virus (HIV). Eighteen percent of newly infected individuals in the USA 
had no other risk factors except exposure to an infected sex partner or to multiple sex 
partners, as shown in figure 1. However, other potential risk factors such as unacknowledged 
illegal intravenous or nasal drugs use, or sharing of razors, nail-grooming equipment, or 
toothbrushes, may also contribute to this high rate of HCV infection (31). Furthermore, the 
risk of HCV transmission by sexual contact differs by the type of sexual relationship. Persons 
in long-term monogamous partnerships are at lower risk (0-0.6% per year) (32) than those 
with multiple partners or those at risk for sexually transmitted diseases, including persons 
engaging in sexual practices that might traumatize the genital mucosa (0.4-1.8% per year). 
HIV co-infection certainly appears to increase the rate of HCV transmission by sexual contact 
(33-35). Barrier precautions for HCV positive individuals in long-term monogamous 
relationships are generally not recommended, in contrast to the recommendations for HCV 
positive individuals with multiple partners. 
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Mother-to-infant transmission of HCV is uncommon. The rate of vertical transmission is 4-
7% per pregnancy in women with HCV viremia, but co-infection with HIV causes a 4- to 5-
fold increase in the rate of transmission. Elective caesarean section is not recommended for 
women with chronic HCV infection alone. Breastfeeding also poses no significant risk of 
HCV transmission, assuming that nipples are not traumatized (36). 
Although iatrogenic transmission of HCV is at present very rare in high income countries, it is 
still a very important transmission route in many areas of the developing world, due to unsafe 
injections, defined as reuse of a syringe or needles from patient to patient without adequate 
sterilization. Considering that 8-12 billion injections are given annually, and that 50% of these 
are unsafe in most of the developing world, this situation results in approximately 2.3-4.7 
million HCV infections annually using a simple mass-action model (37). 

HCV prevalence 

Hepatitis C has now emerged as a silent epidemic, and is a major public health problem 
affecting 170 million people worldwide. The prevalence of HCV infection varies greatly from 
one country to the next. A national survey of a representative sample of non-institutionalized 
civilian Americans conducted between 1988 and 1994 indicates that 3.9 million Americans 
(1.8%) have been infected with HCV, of whom 2.7 million (74%) have ongoing chronic 
infection (38). The highest prevalence of HCV infection is found in Egypt, where 15-20% of 
the general population is infected due to parenteral antischistosomal mass treatment 
campaigns. In this country, which has the world's greatest schistosomiasis problem, mass 
parenteral treatment had been administered with insufficiently sterilized injection equipment 
since the 1920s. When effective oral medication against Schistosoma infection became 
available in the 1970s, this transmission route of HCV infection came to an end (39). 
Southeast Asia has a prevalence rate of 5-10%, whereas in Western Europe prevalence rates 
of chronic HCV infection as low as <1% have been found (40). 

HCV infection 

After exposure to HCV, acute HCV infection is marked by the appearance of HCV-RNA in 
plasma within 1-2 weeks of exposure followed by alanine aminotransferase (ALAT) 
elevations 2-8 weeks after exposure, indicative of hepatocyte injury and necrosis. About one-
third of adults with acute HCV infection also develop clinical symptoms and jaundice from 3 
to 12 weeks after exposure, with an average of 7 weeks (41). Acute hepatitis C can be severe 
but is very rarely fulminant (42). Anti-HCV may arise at the time of onset of symptoms or 
thereafter, making anti-HCV testing unreliable for the diagnosis of acute HCV infection. 
Almost all patients eventually develop anti-HCV, although titers may be low or even 
undetectable in patients with immune deficiencies (figure 2). 
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Figure 2 Course of acute resolving hepatitis C infection 
Adapted from Hoofnagle (15) 
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Figure 3 Course of acute hepatitis C infection that evolves into chronic infection 
Adapted from Hoofnagle (15) 
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After an acute infection, clearance of HCV is observed in only 15-40 % of cases. Most 
infected individuals develop chronic HCV infection as shown in figure 3, marked by 
persistence of HCV-RNA for at least six months after onset of infection. The rate of 
chronicity varies by age, sex, race, the presence of symptoms, or jaundice, and immune status 
(43-51). It is not known why the infection persists in some patients and resolves 
spontaneously in others. 
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Natural history of chronic HCV infection 

The primary concern for patients with chronic hepatitis C, as it is for many other forms of 
chronic liver disease, is the development and evolution of fibrosis over many years, 
culminating in cirrhosis. Cirrhosis may lead to severe complications including portal 
hypertension, bleeding varices, encephalopathy, with a long term poor prognosis unless the 
patient is transplanted. The disease has also been recognized as a major risk factor for 
hepatocellular carcinoma (HCC), explaining the rise of HCC in the western world. In several 
retrospective studies, with an exposure interval of 20-30 years, cirrhosis was found to have 
occurred in 17-55% (mean 42%) of chronically infected individuals, HCC in 1-23% and liver-
related death in 4-15% (52-56). 
Prospective studies showed different outcomes, finding cirrhosis development in 7-16% 
(mean 11%), HCC in 0.7-1.3%, and liver related death in 1.3-3.7%. However, the duration of 
follow-up in these studies was relatively short, between 8 and 16 years (57-59). The results of 
a series of retrospective-prospective cohort studies involving young people were also 
different; a mean development of cirrhosis of 2.1% and no HCC was observed during an 
exposure interval of 10-50 years (45;48;50;51;60). 
An examination of 57 studies of the natural history of HCV infection showed that after 20 
years of HCV infection, cirrhosis had developed as follows: 
* in 24% of the patients in longitudinal post-transfusion studies, with a mean age of 42 years 
at acquisition of infection; 
* in 22% of the patients in cross-sectional studies involving patients referred to tertiary liver 
centers, with a mean age of 29 years at acquisition of infection; 
* in 7% of patients in longitudinal community based studies, with a mean age of 26 years at 
acquisition of infection; 
* in 4% of patients in cross-sectional surveys of newly diagnosed individuals at blood donor 

screening, with a mean age of 22 years at acquisition of infection (61). 

In short, the natural history of chronic HCV is highly variable, influenced by host related and 
external factors. Age appears to be an important determinant of progression of chronic HCV 
infection. The younger the infection is acquired, the lower the rate of progression (62;63). But 
one issue remains unexplained. Does the rate of fibrosis progression increase as the affected 
person ages? One explanation for an exponential increase in the rate of fibrosis with 
advancing age is the inability of the aging immune system to cope with a pathological process 
(63). But it is still unproven whether the evolution of fibrosis plateaus over time, whether it 
increases at a linear rate, or whether there is an exponential increase in the rate of fibrosis. 
Where the influence of sex is concerned, there is evidence that the rate of fibrosis progression 
is lower among women than among men (63;64). An important factor that accelerates fibrosis 
progression in chronic HCV infection is co-infection with HBV or HIV (65-67). Comorbidity 
such as hemochromatosis, non-alcoholic steatohepatitis (NASH), and schistosomiasis 
infection also play a role in a more rapid progression of fibrosis in persons with chronic HCV 
infection (68-71). 

17 



Chapter 1 

There is now ample evidence that persons with chronic HCV infection and normal values of 
the liver enzymes in plasma are likely to have fewer histological abnormalities in their liver 
biopsy than those with abnormal values of the liver enzymes. However, the combination of 
persistently normal liver enzymes with cirrhosis does sometimes occur (72;73). 
A major external factor with a proven relationship to disease progression to cirrhosis is 
alcohol intake of more than 50 grams/day, which also dramatically increases the risk of HCC 
(74). Despite all the knowledge that has been acquired, as mentioned above, it is still not 
possible to predict accurately in a given individual whether chronic HCV infection will 
remain stable or whether it will advance to cirrhosis or HCC. 

Long-term complications of chronic HCV infection 

The major potential long-term complications of chronic HCV infection are cirrhosis, 
symptomatic end-stage liver disease, and HCC. For persons not known to have chronic HCV 
infection, the progression to cirrhosis is often clinically silent until they develop the 
complications of end-stage liver disease. If symptoms do occur, the most common complaints 
are fatigue, abdominal pain, poor appetite, weight loss, and pruritus. The level of fatigue 
appears to correlate strongly with psychological factors, such as the presence of depression, 
rather than with histologic disease activity (75). 
Other possible complications of chronic HCV infection that affect quality of life more overtly 
are extrahepatic manifestations. Hematological disorders may arise, such as essential mixed 
cryoglobulinemia and B-cell non-Hodgkin lymphoma. Cryoglobulinemia may lead to the 
deposition of circulating immune complexes in small to medium-sized blood vessels, and may 
involve the skin, the kidneys, peripheral nerves, and brain (76-79). A number of autoimmune 
phenomena and disorders have been associated with chronic HCV infection, including 
autoantibody formation (80;81), thyroid disease (82-85), sialoadenitis suggestive of Sjogren's 
syndrome (86), diabetes mellitus (87-92), and myasthenia gravis (93;94). Chronic HCV 
infection has also been associated with ophthalmologic disorders including corneal ulcers, 
uveitis, scleritis, and sicca syndrome (95;96). Associated dermatological diseases are lichen 
planus (97) and porphyria cutanea tarda (98). 

Treatment of chronic HCV infection: the past and the present 

It is clear from the natural history of chronic HCV infection, that it is essential to try to 
intervene in the progression of the disease. The main aim of treatment is to eliminate the HCV 
at an early stage. Since interferon alpha (IFN) had shown promise as a treatment for chronic 
HBV infection and was known to inhibit the replication of a wide range of RNA and DNA 
viruses, it was a logical choice to explore IFN as a possible therapeutic agent. Interferons 
belong to a large group of regulatory proteins (cytokines) involved in the human immune 
defense against viral and bacterial infections and tumors (99). The most commonly used 
interferons in Western Europe are recombinant IFN 2a and 2b. The first pilot study of IFN in 
10 patients with well documented chronic non A, non B hepatitis was conducted in 1986 and 
showed a marked decrease in ALAT levels after one year of treatment and a histological 
improvement in portal inflammation (100). The results of that study were sufficiently 
encouraging to initiate several randomized trials. 
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In 1991 the US Food and Drug Administration approved IFN in a dose of 3 million units 
(MU) subcutaneously thrice weekly (tiw) as a treatment for patients with chronic HCV 
infection. Since the availability of reliable HCV-RNA tests, the primary aim of therapy is to 
achieve a sustained viral response (SVR), which is defined as undetectable HCV-RNA six 
months after termination of antiviral therapy. Secondary goals of antiviral therapy include 
improvement in histological abnormalities, thus preventing cirrhosis and HCC. 
A meta-analysis of IFN monotherapy trials, in which IFN 3 MU 3 tiw was given for six or 
twelve months, showed SVR rates of 8-12% respectively (101). Several factors were 
associated with a favorable response to IFN monotherapy: low pre-treatment HCV-RNA 
levels, HCV genotype 2 or 3, and absence of cirrhosis in a liver biopsy (101; 102). 
However, IFN treatment is associated with numerous side-effects. The most common of these 
is a flu-like illness that occurs in the first four weeks of therapy and that generally resolves on 
its own and can be alleviated by paracetamol. After the first month of treatment, late side-
effects such as fatigue, headache and neuropsychiatric changes may occur, of which 
depression is the most common, although irritability, short temper and emotional liability are 
also frequently seen. Other symptoms that can accompany IFN treatment are sexual 
dysfunction, dizziness, seizures, anorexia, nausea, vomiting, diarrhea, weight loss, retinal 
abnormalities, mild alopecia, pruritus, cytopenia (leukopenia and thrombocytopenia) and 
induction of auto antibodies. Clinically apparent hyperthyroidism or hypothyroidism, due to 
IFN induced anti-thyroid microsomal antibodies and anti-thyroglobulin antibodies, is the 
auto-immune disorder seen most frequently (99). 
Since low SVR rates were being achieved only at the cost of numerous side effects, it was 
obvious that better treatment schedules were needed. 
Ribavirin is an antiviral agent with inhibitory activity against a broad spectrum of viruses, 
including both DNA and RNA viruses. Ribavirin monotherapy for chronic HCV patients 
decreased or normalized ALAT levels during therapy, but HCV-RNA levels did not change 
during treatment. Common side-effects associated with ribavirin include a dose-dependent 
hemolysis of red blood cells, skin disorders, upper respiratory tract inflammation, and nervous 
system disorders. Furthermore, ribavirin is potentially teratogenic (103). 
However, the combination therapy IFN/ribavirin for chronic HCV patients showed promising 
results. In the first two large randomized controlled trials, in which the combination 
IFN/ribavirin was compared with IFN monotherapy, both given for 24 or 48 weeks, SVR 
rates of 33% and 41% respectively were found for the combination schedules, and 6% and 
16% for the IFN monotherapy schedules. Genotype-1 patients treated with IFN/ribavirin 
combination for 24 or 48 weeks had SVR rates of 17% and 29% respectively. Genotype 2 and 
3 patients achieved SVR rates of 66% and 65% respectively. This result yielded important 
treatment recommendations for genotype 2 and 3 patients: therapy duration could be reduced 
to 24 weeks. However, genotype-1 patients continued to need 48 weeks of therapy, and the 
outcome remained unsuccessful in almost 70% of those patients (104; 105). 
A favorable, additional effect of ribavirin is the reduction of the virological relapse. This 
defined as the recurrence of detectable HCV-RNA after cessation of treatment in a patient 
with an end-of-treatment response (ETR) (106). 

19 



Chapter 1 

Pre-treatment characteristics like viral load, genotype, histological features, sex, and young 
age were recognized as important predictors of therapy response (107). Subsequently, the 
viral response in the early phases of therapy (viral kinetics) became a most helpful tool during 
therapy. This could be done with evolving techniques for quantitative HCV-RNA testing, by 
which standardization of HCV-RNA load measurement became possible (108). The decline in 
HCV-RNA load seen during IFN therapy is biphasic (11; 109; 110). 
Due to the pharmacokinetics of IFN, viral decline starts 7 to 10 hours after the first injection. 
The first phase or the initial decline is rapid and dose dependent. During the second phase, 
starting 48 hours after the start of therapy, viral levels decline much more slowly and the rate 
is variable. This second phase viral decline is predictive for SVR, as was observed in several 
studies (Table 1). 

Table 1 Published positive predictors for SVR during IFN treatment. 

Positive predictors for SVR 

*3 log decline in HCV RNA viral load during the first 4 weeks (111) 

*High rate of HCV RNA viral load decline during the second phase (11) 

*HCV RNA viral load decline in the first 24 hours after administration of IFN beta (112) 

*HCV RNA negative at week 4 by qualitative PCR test (113) 

*HCV RNA negative at week 12 by qualitative PCR test (114) 

*HCV RNA negative at week 2 by qualitative PCR test (115) 

Testing HCV-RNA levels at the beginning of a course of treatment will not only identify 
those patients with a probable favorable outcome of therapy, but also those patients with a 
probable unfavorable outcome. When HCV-RNA was still detectable in patients at week 12 
of an IFN monotherapy course of 24 or 48 weeks, 93% and 100% of them respectively did not 
achieve an SVR. Early stopping rules were postulated for these potentially non-responding 
patients to avoid further side-effects, as well as the costs and inconveniences of treatment 
(114;116-118). 
In search of treatment with improved efficacy, high dose IFN induction schedules were 
introduced to achieve a more rapid viral decline and a higher rate of SVR (119). These 
schedules included the daily administration of IFN in one or more dosages. No significant 
differences in SVR rates between IFN induction schedules and standard IFN treatment 
schedules were found for nai've chronic HCV patients (120-124). However, for the difficult-
to-treat patients, like genotype-1- non-responding patients during a previous treatment course, 
this approach enhanced the chance of a successful outcome (125; 126). 
More recently, the use of pegylated IFN has further improved SVR rates. With the addition of 
a polyethylene glycol (PEG) molecule to standard IFN, the renal clearance of IFN is delayed, 
prolonging the IFN half-life from approximately eight hours to several days. Treatment with 
PEG-IFN may improve phase 2 viral decline by means of permanent antiviral pressure on 
HCV replication (127). 
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Two PEG-IFN formulations are currently in use. PEG-IFN 2b: attachment of a 12 kilo Dalton 
linear PEG to the IFN alpha 2b molecule; and PEG IFN 2a: attachment of a 40 kilo Dalton 
branched PEG to the IFN alpha 2a molecule. Early phase trials of the two PEG-IFNs showed 
the practicality of the once-a-week injection instead of the three times weekly injection for the 
standard IFN, their efficacy in lowering HCV-RNA levels, and the absence of severe adverse 
events associated with the long plasma half-life (128; 129). Three large randomized controlled 
trials compared standard IFN monotherapy with PEG-IFN (130-132). The SVR rates were 
twice as high with PEG-IFN compared with standard IFN (Table 2). 

Table 2 Three randomized controlled trials with PEG-IFN monotherapy 

Study 

Lindsay et al. 

Heathcote et al. 

Ref. 

131 

130 

Year 

2001 

2000 

Therapy 

IFN alfa -2b 3MU tiw 48 
weeks 

PEG-IFN 12 kDA 
(1.5 ug/kg/wk) 48 weeks 

IFN alfa -2a 3MU tiw 48 
weeks 

PEG-IFN 40 kDA 
(180ug/wk)48 weeks 

IFN alfa-2a 6MU tiw 12 

No. of 
patients 

303 

304 

88 

87 

264 

ETR 
% 

24 

49 

14 

44 

28 

SVR 
% 

12 

23 

7 

30 

19 

Zeuzemetal. 132 2000 

weeks then 3MU tiw 36 
weeks 

PEG IFN 40 kDA 
(180 ug/wk) 48 weeks 

267 69 39 
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Given the increased SVR rates in response to treatment with PEG-IFN, it was natural to 
assess the combination PEG-IFN with ribavirin as treatment for chronic HCV patients. The 
results of two large randomized trials are shown in table 3. 

Table 3 Two randomized controlled trials with the combination PEG-IFN and ribavirin 

Study Ref.no Year Therapy No. of ETR SVR 
patients % % 

Manns et al. 136 2001 

IFN alfa-2b 3MU tiw in combination 
with ribavirin/day 48 wks 

PEG- IFN alfa-2b 1.5 ug/kg/wk in 
combination with ribavirin /day 
48 wks 

505 54 47 

511 65 54 

IFN alfa-2b 3MU tiw in combination 
444 52 44 

with ribavirin/day 48 wks 

Fried etal. 137 2002 PEG-IFN alfa-2a 180 ug/wk in 2JA 5g Jg 

combination with placebo/day 48 wks 

PEG-IFN alfa-2a 180 ug/wk in 
combination with ribavirin /day 
48 wks 

The dose of ribavirin was 1,000 mg daily for patients with body weight less than 75 kg and 1,200 mg daily for 
those with body weight greater than 75 kg except in the study of Manns et al., in which patients received 800 mg 
ribavirin daily. 

These results show that combination therapy with PEG-IFN and ribavirin was more effective 
than PEG-IFN alone, due to a decreased virological relapse rate. Furthermore, PEG-
IFN/ribavirin combination therapy is also more effective than IFN/ribavirin combination, due 
to an increased ETR. 
As was found in the IFN/ribavirin combination treatment schedules, SVR rates for genotype 
non-1 patients with 24 or 48 weeks of treatment with PEG-IFN/ribavirin were comparable. 
Both treatment durations showed SVR rates of almost 80%. 
For genotype-1 patients the observed SVR for the 48 weeks PEG-IFN/ribavirin treatment 
schedule was 51%, compared to 4 1 % for the 24 weeks schedule (133). 

Treatment of chronic HCV infection: the future 

Therapy for chronic HCV infection has rapidly evolved since its introduction in the early 
1990s. From 5-20% eradication of the virus with IFN monotherapy to 48-88% viral 
eradication when using PEG-IFN with ribavirin combination therapy nowadays, chronic HCV 
(genotype 2/3) infection has almost become a curable disease (figure 4). 
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Figure 4 Progress in treatment of chronic hepatitis C 
Adapted from Poynard (134) 
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The improved outcome of therapy is impressive but above all relate to those patients who 
were able to tolerate therapy. Also numerous patients are excluded from treatment due to 
anticipated or unacceptable high risk of side effects of the IFN based therapy. Irrespective the 
considerable progress in the management of side effects including the use of anti-depressants 
to control depression and growth factors to control anemia, these issues remain considerable. 
Furthermore, a significant number of patients achieve a virological non-response to any 
currently available anti-viral treatment, even after several treatment courses. 
New insights in ways to interfere with the virus, the host response and the side effects of 
therapy are reflected in the considerable number of agents that are currently under 
investigation (table 6). New treatment strategies are certainly on the way(135). However, the 
reality is that it will take again some years before their efficacy and safety is proven and 
widely implemented. Till then IFN based therapy strategies will remain the therapy of choice. 
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Table 6 New drugs in the pipeline 
Adapted from the website http://www.frontiernet.net/-monty/hcvpipel.html 

C o m p a n y Drug Type 
Development Pre Clinical Clinical Clinical 

Clinical Phase I Phase II Phase III 

Boehringer Ingelheim 

Intercell 

Viro Pharma / AHP 

Isis Pharmaceutical 

XTL 

Inn ogenetics 

Enzo Biochem 

Rigel Pharm 

Epiminune / Genencor 

Ribapharm 

Genencor / Phogen 

AVI BioPharma 

Anadys 

Anadys 

Avant 

NAB I 

Isis / Merck 

Corvas/ Schering 

Schering 

Vertex 

Vertex 

Idenix 

Tri mens 

Pharmaeor 

CellExSys 

Biocryst 

Novirio Pharm. 

Tripep 

PTC Therapeutics 

Immtech Int. 

Agouron 

Chiron / Medivir 

Chiron / Enanta 

Hybridon 

Hybrigenics / XTL 

United Therapeutics 

Genelabs 

Glaxo Wellcome 

Aethlon Medical 

Immusol 

Myriad 

Merix 

Can gen e 

Tripep 

GenPhar 

Bristol-Myers Squibb / AAT 

Protease Inhibitor BILN2061 

Therapeutic vaccine 

New lead 

ISIS 14803 Antisense 

Monoclonal antibody 

Therapeutic vaccine 

Immune Regulator 

R803 

Therapeutic vaccine 

Viramidine 

Therapeutic vaccine 

Antisense 

ANA245 

ANA246 

Immuno-therapy (Therapore) 

Polyclonal antibody Civacir 

9999 

Protease Inhibitor 

Protease Inhibitor SCH6 

Protease Inhibitor LY570310/VX950 

Helicase inhibitor 

NM283 

Fusion inhibitor 
9999 

T Cell therapy 

Polymerase inhibitor 

NV08 
999 

Targeted RNA Chem. 

Dication 

Protease Inhibitor? 

Protease Inhibitor? 

small molecule 

Antisense? 
99 

UT231B 

RNA antiviral 
19 

Hemopurifier 

Ribozyme/gene therapy 
99 

Therapeutic vaccine 

Hyperimmune product for liver transplants 

Therapeutic vac. 

Vaccine 

Protease Inhibitor 

LD-lead compound development, ??=development stage unknown or drug type unknown, IND=investigational new drug 
application,T=terminated 
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Chapter 2 

This thesis focuses on the development of new treatment strategies for patients with a chronic 
hepatitis C infection, with special emphasis on viral kinetics during treatment. 

Aims: 

To determine the effect of an individualized long-term interferon treatment schedule on 
virological response and to determine the hepatitis C viral kinetics in treated and untreated 
patients (chapter 3). 

To assess positive and negative prognostic factors for sustained virological response from 
baseline characteristics and from hepatitis C viral kinetic parameters during the first few 
weeks of treatment with interferon monotherapy or interferon/ribavirin combination therapy 
(chapter 4). 

To investigate the hepatitis C viral kinetics during therapy with a high dose of interferon daily 
for two weeks, and to establish the number of patients with a sustained virological response 
(chapter 6). 

To establish the sustained virological response- and virological relapse rates of 2 different 
retreatment schedules, including high dose interferon induction of 2 weeks, for patients with a 
virological relapse after an initial treatment (chapter 7). 

To evaluate the efficacy of 3 different retreatment schedules, including high dose interferon 
induction of 2 weeks, for patients with a virological non-response after an initial treatment 
course and to establish if viral decline during the induction period was a predictor of response 
or non-response (chapter 8). 
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Sustained virological response in chronic hepatitis C patients 
after a 6- and a 36-month interferon- oc2b treatment schedule 
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Summary 

Background: In patients with chronic hepatitis C (HCV) Interferon-a (IFN) treatment for 12-
18 months is more effective than 6 months in inducing a sustained virological response. 
Methods: In a multicentre, randomized, controlled trial, 88 patients with chronic HCV were 
enrolled (47 treated with IFN-a2b and 41 constituted an untreated control group). Treatment 
consisted of 5 million units (MU) IFN thrice a week (tiw) for 8 weeks and subsequently 2.5 
MU IFN tiw for 16 weeks ('standard treatment'). After week 24 ('long term treatment'), in 
virological non-responders treatment was continued using 5 MU IFN tiw for up to week 156, 
whereas in virological responders IFN was discontinued. In case of a virological relapse, 
treatment with 5 MU IFN tiw was restarted and continued up to week 156. 
Results: Sustained virological response rate was 6/47 (13%) after standard treatment and 
increased to 19/47 (40%) after long term treatment (McNemar's Paired Test; P=0.002). Of the 
18 patients with a breakthrough or relapse during or after standard treatment, 14 (78%) 
became sustained virological responders upon long term treatment. Of the 4 patients who did 
not have a sustained virological response after long term treatment, 3 did not receive complete 
treatment due to side-effects and/or non-compliance. In patients who failed to respond to 
standard treatment, no virological response was observed during long term treatment. In the 
control group, no spontaneous clearance of HCV was observed. 

Conclusions: Long term IFN (re)treatrnent enhanced the virological sustained response rate 
significantly and was particularly effective in patients with a breakthrough or relapse 
following standard treatment. 
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Introduction 

Numerous studies have been performed to assess the efficacy of Interferon-cc (IFN) for 
treatment of chronic hepatitis C virus (HCV) infection. In the earliest studies, inclusion 
criteria were clinical non-A, non-B hepatitis and occasionally anti-HCV positivity (1, 2, 3, 4). 
Retrospective testing of baseline HCV-antibodies and plasma HCV-RNA in these trials, 
revealed that up to 12% of the patients were anti-HCV negative while up to 25% did not have 
detectable HCV-RNA before the start of treatment. The aim of treatment in these studies was 
normalisation of alanine aminotransferase (ALT) levels. Sustained ALT response rates, i.e. 
normalisation of ALT persisting for at least 6 months after cessation of treatment, varied from 
8% to 28% in different studies after treatment with IFN for 6 months at a dose of 3-6 MU 3 
times a week (tiw). ALT response did not always correlate with a virological response (1, 5, 
6). 
In chronic HCV infection, HCV-RNA positivity correlated closely with the presence of 
inflammatory changes of the liver (7, 8, 9) and infectivity (10, 11). It has been postulated that 
the aim of treatment of chronic HCV infection should be clearance of HCV-RNA. Recently, a 
number of studies have assessed the virological response to IFN treatment in chronic HCV 
infection (12, 13, 14, 15). A sustained virological response rate, defined as non-detectable 
HCV-RNA in plasma at 6 months after cessation of treatment, was reported in up to 17% of 
patients after administration of IFN 3-6 MU tiw for 6 months (12, 13) respectively in 13-26% 
after 12 months of IFN treatment (14, 15). Also, in IFN trials in which ALT response was 
assessed, long term treatment improved the response rate (1, 2, 4, 16). 
The aim of the present study was to assess the efficacy of a 6-month course of IFN treatment 
(standard treatment), followed by treatment continuation in virological non-responders and 
retreatment in virological relapsers for a period of 2.5 years (long term treatment). A pilot 
study, assessing a comparable treatment schedule, had revealed promising results (17]. In 
IFN-treated patients, the virological responses after 3-years respectively 6 months treatment 
were compared. The results of the treated patients were also compared with those of untreated 
controls. Furthermore, to determine the kinetics of HCV in treated and untreated patients, 
viral load was measured using a sensitive quantitative assay. Factors predicting response to 
IFN were also assessed. 

Methods 

Study design 
This clinical trial was designed as a multicentre, randomized, controlled study. Five Dutch 
centers participated: Department of Gastrointestinal- and Liver Diseases, Academic Medical 
Center, Amsterdam; Van Creveldkliniek, National Hemophilia Center, University Hospital 
Utrecht; Department of Hematology, Radboud Hospital, Nijmegen; Department of Liver 
Disease, Dijkzigt Hospital, University Hospital Rotterdam; and Department of Hematology, 
University Hospital Leiden. The study was approved by the Medical Ethical Committee of 
each of the participating hospitals. 
After stratification for hemophilia A, hemophilia B and no hemophilia, patients were 
randomized (1:1) to receive either treatment with IFN-oc2b or no treatment. 
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Randomization was performed using a computer-generated randomization list, kept by the 
coordinating secretary only. Between June 1991 and December 1995, 103 patients were 
enrolled in the study (55 IFN treated and 48 non-treated control patients). 
The treatment schedule consisted of 'standard treatment' of 5 million units (MU) IFN-oc2b 
thrice a week (tiw) for 8 weeks and subsequently 2.5 MU tiw for 16 weeks. Between week 24 
and 156 treatment of virological non-responders and patients with a break-through consisted 
of treatment continuation with 5 MU IFN tiw. In virological responders, defined as HCV-
RNA negative on 2 consecutive visits, IFN was discontinued at week 24. In case of 
virological relapse 5 MU IFN tiw was restarted and continued up to week 156 ('retreatment'). 
The follow-up period after the 3 year treatment period was at least 6 months. 
At the time of analysis and closure of the study, information on 88 patients (41 controls and 
47 treated patients) at the end of the 3.5 year study period was available. Of these patients, 26 
controls and 34 treated patients had completed the protocol; 15 controls and 13 treated 
patients were lost to follow up (Figure la). The remaining 15 enrolled patients (7 controls and 
8 treated) were, after study closure, treated or followed-up, as far as possible according to the 
study protocol (in the intention-to-treat analysis on all 103 patients these 15 patients were 
considered as non-responders). Viral kinetics was studied in a subset of 19 control patients, 8 
IFN non-responders and 16 IFN responders. 

Figure la Trial profile of treated and non-treated patients. 

88 patients randomized and evaluable 

47 IFN treated patients 

13 lost to follow-up 
34 completed study 
(7 discontinued treatment) 
(8 on reduced dose) 

41 untreated control patients 

15 lost to follow-up 
26 completed study 

SVR 19/47 (40%) SVR 0/41 
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Patient selection 
All patients had to give written informed consent before enrolment. Inclusion criteria 
comprised: age between 16-70 years, chronic hepatitis C (anti-HCV and HCV-RNA 
detectable > 6 months), and ALT elevation > 1.5x the upper level of normal on 2 occasions 
during 6 months prior to inclusion. Exclusion criteria comprised: anti-HIV positivity, HBsAg 
positivity, substance abuse, decompensated cirrhosis, autoimmune hepatitis, tissue or cellular 
auto-antibodies, and anti-viral or immunomodulatory treatment in the 6 months prior to 
inclusion. 

Patient monitoring 
Patients were examined before start of the study, at baseline (week 0), every month during the 
first 24 weeks, and every 3 months between week 24 and week 156. They were also seen at 
week 164, week 172 and at least 6 months after week 156. At each visit, a medical history, 
physical examination and routine serum biochemical liver tests and haematological assays 
were performed. Furthermore, plasma samples for cDNA-PCR for HCV-RNA were taken at 
every visit and analysed within 2 weeks. Additional plasma was collected for quantitative 
HCV-RNA measurements and HCV genotyping. When severe side-effects occurred 
(leukocytes <1.5x109/1; platelets <80xl09/l; mental depression; severe subjective side-
effects) the IFN dose was temporarily lowered to 2.5 MU tiw or discontinued. 

Definition of response 
The main outcome measure was sustained virological response after 'standard treatment' and 
after 'long term treatment'. Virological response was defined as non-detectable HCV-RNA by 
qualitative HCV-cDNA-PCR testing on at least two consecutive visits. A sustained 
virological response was defined as non-detectable HCV-RNA by qualitative HCV-cDNA-
PCR testing at the end of treatment which continued for at least 6 months after the end of 
treatment. Breakthrough and relapse were defined as recurrence of detectable HCV-RNA in 
plasma after initial virological response, during treatment and after cessation of treatment 
respectively. All other patients were classified as virological non-responders. Sustained 
biochemical response was defined as normalisation of ALT values at the end of treatment 
continuing for at least 6 months after the end of treatment. 

ALT 
For reliable comparisons of ALT values of patients from different clinics, ALT indexes were 
calculated: ALT value divided by the upper level of normal. 

Virology 
Plasma samples for HCV-RNA detection were collected in the various participating hospitals 
and analysed centrally (CLB) using cDNA-PCR. Up to June 1994, HCV-RNA was detected 
by cDNA-PCR as described previously (18). After June 1994, a commercially available 
cDNA-PCR assay (HCV AMPLICOR assay, Roche Diagnostic Systems) was used. The 
qualitative cDNA-PCR assays detected 100% of EUROHEP standards containing 3800 
genome equivalents (geq)/ml and 93% of EUROHEP standards containing 380 geq/ml (19, 
unpublished observations). 
Quantitative HCV-RNA measurements using an experimental NASBA-QT assay for HCV-
RNA detection (20) were performed of samples collected at baseline and, from a subset of the 
patients (see study design), at week 8, 16, 24, 36, 48, 60, 156 and 172. 
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These quantitative measurements were performed with an experimental NASBA-QT assay for 
HCV-RNA detection (20). This assay is an isothermal nucleic acid amplification method in 
which three calibrator RNAs are used as internal standards. Briefly, nucleic acids were 
isolated according to the method described by Boom et al (21). Samples of 100 ul plasma in 
900 \i\ lysis buffer were thawed and three calibrator RNAs were added together with 50 ul of 
silica suspension, to bind the released nucleic acids. After washing and drying, nucleic acids 
were dissolved in 50 (il elution buffer. Isolated RNA was amplified as described (20). The 
quantitative detection limit of the assay was found to be 4 log/ml and the qualitative detection 
limit 3.3 log/ml (working with 100 ul input) (unpublished observations). Using in vitro RNA 
standard preparations, the accuracy of the assay for the different genotypes was found to be: 
type la -3.4%, type lb +3.3%, type 2 -6.4%, type 3 +1.8%, type 4 +1.9%, and type 5 +2.9% 
(unpublished observations). With each run of 10 samples a control sample was included. The 
control sample was analysed 59 times and revealed an average value of 4.98 log/ml with a 
standard deviation (SD) of 0.17 log/ml. A difference in viral load of more than 2 times the SD 
(0.34 log/ml) was regarded as beyond the inter-assay variation. 
HCV genotyping was performed on all baseline samples with restriction fragment length 
polymorphism (RFLP) as described previously by Davidson et al. (22). 

Statistics 
Intention-to-treat analysis was used to compare the sustained virological response frequencies 
after standard and long term treatment. For assessment of differences in response rate after 
standard and long term treatment in the IFN treated patient group, the McNemar's Paired Test 
was used. Patients who were lost to follow-up were classified as non-responders. In addition, 
an intention-to-treat analysis was performed, including patients who were treated or followed-
up after study closure (all were classified as non-responders). 
Continuous variables were expressed as median, minimum and maximum values. The Mann-
Whitney Test was applied to compare continuous variables between different groups or 
different time points. Categorial variables were expressed as frequency and percentages. The 
Fisher's Exact Test was used to compare frequencies between different groups. 
Calculations were performed with GraphPad InStat, version 2.04a. 

/ 
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Results 

Virological response to treatment 
Patient characteristics in the treated and non-treated groups at baseline were not significantly 
different (Table 1). 

Table 1 Characteristics of treated patients and non-treated control patients. 

Hemophilia A or B 
Male 
Age [median (min-max)] 
Lost to follow-up 
HCV Genotypes 
1 
2 
3 
4 
5 
nt1 

ALT index2 [median (min-max)] 
Pre-treatment HCV-RNA 
log/ml [median (min-max)l 

IFN treated (n=47) 

20 
40 
37 
13 

14 
8 
15 
3 
1 
6 
3.3 

6.09 

43% 
85% 
(19-65) 
(28%) 

(30%) 
(17%) 
(32%) 
(6%) 
(2%) 
(13%) 
(1.6-12.0) 

(0-6.92) 

Non-treated controls (n=41) 

21 
34 
40 
15 

18 

11 

9 
3.6 

6.30 

(51%) 
(83%) 
(17-72) 
(37%) 

(44%) 
(2%) 
(27%) 
(2%) 
(2%) 
(22%) 
(1.5-21.0) 

(3.33-7.42) 
nt = not tested, lost to follow-up. 

"ALT index = ALT value divided by the upper level of normal 

Sustained virological response was observed in 6/47 patients (13%; 95% CI 5-26%o) upon 
standard treatment and increased to 19/47 (40%; 95% CI 26-56%) after the long term 
schedule (McNemar's Paired Test P=0.002) (Figure 1, Table 2). Intention-to-treat analysis 
revealed a sustained virological response in 6/55 patients (11%; 95% CI 4-22%>) upon 
standard treatment which increased to 19/55 (35%; 95%> CI 22-49%) after the long term 
schedule (McNemar's Paired Test P=0.002). 

Table 2 Sustained response rates after standard and long term IFN treatment 

Sustained response rate Sustained response rate 
after standard treatment after long term treatment P1 

n/n (%;95%CI n/n (%; 95% CI) 

IFN treatment 6/47 (13%; 5-26%) 19/47 (40%; 26-56%) 0.002 
Non-treated 
controls 0/41 (0%; 0-9%) 0/41 (0%; 0-9%) 
McNemar's Paired Test 

Of the 22 patients with a breakthrough or relapse during or after standard treatment, 18 
completed the study (Figure lb). Fourteen out of these 18 (78%>; 95% CI 52-94%) became 
sustained virological responders after completing the long term treatment schedule. 
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Three of the 4 patients who were not successfully retreated after a relapse, did not receive the 
full course of treatment because of side-effects and non-compliance. One patient was a non-
responder during retreatment. 
Five out of the 6 sustained virological responders after standard treatment remained sustained 
virological responder after the long term schedule (e.g. these patients did not receive IFN after 
week 24). One of the 6 was lost to follow-up during the long term schedule (Figure lb). 
Long term continuation of IFN therapy was not effective in virological non-responders 
following standard treatment. All non-treated control patients remained HCV-RNA positive 
during the observation period. 

Figure lb Trial profile of standard and long-term treatment 

47 patients treated with IFN: 
8 weeks 5 MU tiw 
16 weeks 2.5 MU tiw 

7 lost to follow-up 
40 completed standard treatment 
4 on reduced dose 

6SVR: 
no treatment 

4 breakthrough: 
prolonged IFN 
5 MU till SVR 

18 relapsers: 
IFN retreatment 
5 MU tiw 

1 SVR 
3 relapsers: retreatment 5 MU tiw 

1 lost to follow-up 
5 completed study 

0 lost to follow-up 
4 completed study 
1 on reduced dose 

4 lost to follow-up 
14 completed study 
3 on reduced dose: 
4 discontinued 

SVR: 5/6 (83%) SVR: 4/4 (100%) SVR* 10/18(56%) 

12 non-responders: 
prolonged IFN 
5 MU tiw till SVR 

I lost to follow-up 
II completd study 
4 on reduced dose 
3 discontinued 

SVR" 0/12 

the other patients who completed the study had a breakthrough (3x) or non-response (lx) 
all patients who completed the study had a non-response (1 lx) 
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Biochemical response to treatment 
After the standard treatment schedule, 6 out of the 6 sustained virological responders were 
also biochemical sustained responders. In addition, 4 out of the 41 patients with a virological 
relapse or non-response were also biochemical sustained responders (Table 2). Furthermore, 
2/41 control patients were 'biochemical sustained responders'. 
After the long term schedule, 18/19 sustained virological responders were sustained 
biochemical responders and 1 patient with a virological break-through was also a sustained 
biochemical responder. Three of the 41 control patients were 'biochemical sustained 
responders'. 

Side-effects 
All treated patients experienced typical side-effects of IFN, such as flue-like syndrome, 
headache, myalgia, mild psychological effects (loss of concentration, irritability) and 
increased hair loss. During standard treatment, the IFN dose was adjusted in 4/40 (10%) of 
the patients who completed standard treatment because of mental depression (lx), low platelet 
counts (lx) or severe flue-like symptoms (2x). During long term treatment, the dose was 
adjusted in 8/34 (24%) patients because of depression (3x), low platelet count (lx) or severe 
'subjective' side effects (4x). During long term treatment, therapy was discontinued in 7 
patients because of mental depression (3x), personal circumstances (lx), malaise (2x) and low 
platelet count (lx) (Figure 1). None of these 'major side effects' were observed in the control 
group. 

Predicting factors for sustained response 
In Table 3, the age, HCV genotype, baseline ALT index and pre-treatment HCV viral load of 
patients with sustained and non-(sustained) response after standard and long term treatment 
are presented. Only the 34 patients, enrolled in the IFN group, who completed the study (e.g. 
standard treatment as well as the long term schedule) were analysed. The median pre-
treatment viral load was significantly lower in the group of sustained responders than in non-
(sustained)-responders, after standard treatment as well as after long term treatment. 
Prevalence of different genotypes, baseline ALT index and age of the patients did not differ 
significantly between sustained responders and non-(sustained)-responders. 
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Sustained virological response after 6- and 36 month IFN 

HCV-RNA load measurements 
In Figure 2, HCV-RNA levels of non-treated control patients (Figure 2.a), non-responders to 
treatment (Figure 2.b) and patients who had a transient or sustained response to treatment 
(Figure 2.c) are shown at various time points. Furthermore, the corresponding results of the 
qualitative HCV-RNA measurements are presented. In thirteen samples discordant results 
were obtained between the cDNA-PCR and the NASBA-QT assays: 12 were positive using 
the cDNA-PCR and negative using the NASBA-QT assay and 1 was negative using the 
cDNA-PCR and positive using the NASBA-QT assay. These discordant results were all 
obtained in patients who probably had a low HCV-RNA load at the time of sampling. 
The median viral load in the control group tended to increase after 156 and 172 weeks relative 
to the baseline value (6.96 log/ml and 6.78 log/ml versus 6.3 log/ml; NS). The median viral 
load in the non-responder group decreased significantly by week 48 (P=0.021) and tended to 
increase after the treatment period (relative to the baseline level). The median viral load in the 
responder group decreased significantly both during and after treatment relative to the 
baseline value (P<0.003). 
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Figure 2 Course of HCV-RNA load in log/ml determined by the NASBA-QT assay 
(top) and the qualitative cDNA-PCR (bottom) in 19 control patients (fig. 2a), 8 
virological non-responding patients (fig. 2b), and 16 virological responding 
patients (fig. 2c). 
Assay limits: for quantitative detection 4 log/ml; for qualitative detection 3.3 
log/ml (grey zone). 
Statistics: the difference from the base line was tested using the Mann-Whitney 
Test: 2.a) At week 156 and 172 the median HCV-RNA load was significantly 
higher respectively tended to be higher than at baseline (P=0.03 and P=0.075 
respectively); 2.b). At week 48 the median HCV-RNA load was significantly 
less than at baseline (P=0.021), and at week 172 (after cessation of treatment) 
the median HCV-RNA load tended to be higher than at baseline (P=0.09); 2.c) 
During the treatment course and follow-up period the median load was 
significantly less than at baseline (P<0.003). 

2a Course of HCV-RNA load in log/ml determined by the NASBA-QT assay 
(top) and the qualitative cDNA-PCR (bottom) in 19 control patients 
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2b Course of HCV-RNA load in log/ml determined by the NASBA-QT 
assay (top) and the qualitative cDNA-PCR (bottom) in 8 virological non-
responding patients. 
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2c Course of HCV-RNA load in log/ml determined by the NASBA-QT assay 
(top) and the qualitative cDNA-PCR (bottom) in 16 virological responding 
patients. 
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Discussion 

The long term IFN treatment schedule used in this study, was associated with a higher 
sustained virological response rate than occurred upon standard IFN treatment (40% versus 
13%; P=0.002). In particular, retreatment of patients following virological breakthrough or 
relapse which occurred during or after standard treatment was highly successful: 14 out of 18 
patients (78%) with a breakthrough (observed after dose adjustment during standard 
treatment) or relapse became sustained virological responders after retreatment. Three patients 
who received incomplete IFN retreatment due to side-effects and non-compliance had a 
breakthrough during retreatment, and 1 patient did not respond to retreatment for unknown 
reasons. For patients who did not respond to standard treatment, we observed no benefit from 
long term IFN treatment. 
The results of the present analysis are consistent with those of Toyoda et al (23), who found 
that patients who lost HCV-RNA from serum during IFN treatment, even for a short period of 
time, had a greater chance of undergoing a sustained response after retreatment than 
virological non-responders. They reported a sustained virological response rate of 73% after 
retreatment of patients with virological relapse (23). Chow et al reported a 19% sustained 
virological response rate after 12 months retreatment of IFN in responders who had relapsed, 
while no sustained responses were observed in patients who had not responded to standard 
IFN treatment (24). Rabinovitz et al found a 43% virological sustained response rate in 
patients who had relapsed after responding to IFN and 13% virological sustained response in 
previous non-responders to IFN (25). Heathcote et al reported 28% and 58% sustained 
virological response after 6 and 12 month courses of retreatment in relapsers and 5% and 13% 
sustained virological response in non-responders respectively (26). In these 3 studies (24, 25, 
26), the treatment strategy was however not based on virological response, but on ALT 
normalisation, and HCV-RNA measurements were only performed at the end of the follow-up 
period. In contrast to these findings, Weiland et al. (27) found no virological sustained 
response after a 6-months retreatment course in 10 responders who had a virological relapse. 
However, in the latter study retreatment was started more than 12 months after the first 
course, a period that is probably long enough for the immune modulatory effect of the first 
course of IFN to be lost. The high (78%) sustained response rate after retreatment in our study 
can be explained by a combination of the long duration of retreatment (up to 29 months), the 
relatively high dose (5 MU tiw), and the short period between relapse and start of retreatment 
(1-3 months). 
In the present study, age, HCV genotype, baseline ALT level and pre-treatment viral titre 
were investigated as possible predictors of a sustained virological response. Patients with a 
sustained response had a significantly lower pre-treatment HCV-RNA load than non-
(sustained)-responders. However, within the group of sustained responders a wide range of 
HCV levels was found. No differences in response were found in relation to age or HCV 
genotype, however the number of patients was limited. In several IFN studies the pre-
treatment HCV-RNA load was found to be the most important factor in predicting response to 
IFN treatment (28-32). In addition to viral load, in other studies HCV genotype 1 was 
associated with non-response (1, 12). 
In treated patients, a decrease of the HCV-RNA load was observed, followed by 
disappearance of HCV-RNA in responders. In non-responders, the viral load tended to exceed 
the pre-treatment levels after cessation of treatment. 
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In other studies the HCV-RNA load also decreased in non-responders during treatment, but to 
a lesser degree than in responders (33,34). According to other studies, non-responders appear 
to have a higher degree of quasispecies diversity than responders to IFN treatment (35-38). In 
non-responders, part of the quasispecies population may not be sensitive to IFN or, during 
IFN treatment, IFN resistant variants may develop (39, 40). Thus, different types of response 
found in our study may be explained as follows: sustained response after standard treatment is 
due to low diversity of quasispecies, sensitive to IFN; sustained response after long term 
treatment occurs in patients with high diversity of quasispecies, sensitive to IFN; non-
response is prevalent in patients with quasispecies resistant to IFN. 
In the group of untreated control patients we found a tendency for HCV-RNA levels to 
increase after a follow-up period of 3 years. This observation differs from those of 
Hollingsworth et al. (41) and Naito et al. (9), who found stable viral loads during follow-up 
periods of 11 months and 6 years respectively. These findings may be explained by the 
relative short follow-up period in the first study, and probably the less sensitive quantitative 
technique available at the time of the second study. Gretch et al found a correlation between 
high HCV-RNA load and progression of chronic liver disease, which may be in accordance 
with our finding (42). 
IFN monotherapy is indicated in patients in whom ribavirin is contraindicated (43, 44, 45). 
The outcome of this study leads us to recommend an individualized IFN treatment schedule 
for patients with chronic hepatitis C. This includes standard IFN treatment for 6 months, 
followed by long term (re)treatment in patients in whom a virological breakthrough or relapse 
occurs during or after standard treatment. 
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Summary 

Purpose: For the individual chronic hepatitis C patient it is highly desirable to identifyas 
early as possible an unfavourable outcome of anti-viral therapy including interferon. Our 
study assessed positive and negative prognostic factors for response from baseline 
characteristics and from viral kinetics parameters during the first few weeks of treatment. 
Methods: Seventy eight treatment naive chronic hepatitis C patients entered the study. Thirty 
three received interferon 6 MU three times a week in combination with ribavirin for 24 
weeks. Thirty five patients received interferon 6 MU three times a week in combination with 
a placebo, also for 24 weeks. Ten patients dropped out. 
Results: Sustained viral response was achieved in 45% (17/38) patients after 
interferon/ribavirin therapy and in 10% (4/40) patients after interferon monotherapy 
(p=0.001). In genotype 2/3 patients a sustained viral response was achieved in 67% (10/15) 
patients after interferon/ribavirin therapy and in 11% (2/19) patients after interferon 
monotherapy (p=0.001). In genotype non-2/3 patients a sustained viral response was observed 
in 30% (7/23) patients after interferon/ribavirin therapy and in 10% (2/21) patients after 
interferon monotherapy (ns). Independent baseline predictors for sustained viral response 
were interferon/ribavirin combination therapy (p=0.001), age < 40 years (p=0.01) and alanine 
amino transferase levels > 1.5 ULN (p=0.01). A 100% negative predictive value for sustained 
viral response could be established at baseline for patients aged > 40 years, with or without 
baseline alanine amino transferase levels > 1.5 ULN and interferon monotherapy. When 
baseline and kinetic parameters during therapy were combined, independent predictors for 
sustained viral response was interferon/ribavirin combination therapy and delta load > log 1 
IU/mL at week 2 of treatment. A 100% negative predictive value for sustained viral response 
was found for patients treated with interferon monotherapy without delta load > log 1 IU/mL 
at week 2. For patients treated with interferon/ribavirin combination therapy a negative 
predictive value for sustained viral response of 97% was found for patients without delta load 
> log 1 IU/mL at week 2. Furthermore we observed a 100% negative prediction of sustained 
viral response for patients being positive in the transcription mediated amplification test at 
week 8 of treatment. 
Conclusion: Offering 6 MU interferon monotherapy three times a week to naive chronic 
hepatitis C patients older than 40 years is useless. Younger patients should stop interferon 
monotherapy if after 2 weeks of therapy a viral load decline of > log 1 IU/mL is not achieved. 
Interferon/ribavirin combination therapy can be offered regardless baseline characteristics. 
However, without the viral load decline of > log 1 IU/mL after 2 weeks, discontinuation of 
treatment should be seriously considered. 
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Introduction 

Before starting antiviral treatment including interferon-a, with a known profile of serious 
disabling side effects, it is important that chronic hepatitis C patients should know the chances 
of a favourable outcome. Several positive predicting factors for sustained viral response 
(SVR) have been established from baseline characteristics of the naive chronic hepatitis C 
patient. Gender, age, weight, genotype, pre-treatment HCV-RNA viral load, as well as liver 
fibrosis stage were all found to be independent prognostic factors for SVR in treatment 
regimens including standard interferon, with the addition of ribavirin (1). For patients treated 
with pegylated interferon in combination with ribavirin, genotype, young age and weight 
remained independent predictors of SVR (2). However, even if patients match all favourable 
baseline characteristics, a 100% guarantee for achieving a SVR cannot be given (1). For the 
individual patient to avoid considerable side effects and for the community to avoid costs, it is 
highly desirable to identify as early as possible patients with a neglectable chance of a 
favourable outcome of their therapy. Monitoring viral kinetics during therapy is a way of 
calculating this probability. Early viral response (EVR), defined as a minimum of log 2 
IU/mL decrease in viral load or undetectable HCV-RNA after 12 weeks of pegylated 
interferon /ribavirin combination therapy, was introduced as a new treatment goal. Patients 
who fail to achieve an EVR will have only a very small chance of achieving a SVR (97-99% 
negative predictive value) (2;3). Nowadays it is generally accepted to discontinue treatment in 
these patients (4). Although pegylated interferon /ribavirin combination is currently the 
therapy of choice for nai've chronic hepatitis C patients, interferon /ribavirin combination and 
also interferon monotherapy are still selected treatment options in various countries and for 
certain patients groups. We analysed data of an interferon /ribavirin and interferon /placebo 
treatment course of 24 weeks in nai've chronic HCV patients in order to assess positive and 
negative prognostic factors for response from baseline characteristics and from viral kinetic 
parameters during the first few weeks of treatment. 

Methods 

Study design 
This clinical trial was designed as a multicenter, double-blinded, randomized, placebo-
controlled study for nai've chronic hepatitis C patients. Hemophiliac- as well as and non-
hemophiliac patients participated in the trial. Participating centers were: the Academic 
Medical Center, Department of Gastroenterology and Hepatology Amsterdam (52 patients), 
the Van Creveldkliniek National Hemophilia Center, University Medical Center Utrecht (15 
patients) and the Onze Lieve Vrouwe Gasthuis, Department of Gastroenterology and 
Hepatology Amsterdam (13 patients). The study was approved by the ethics and review 
committees of all participating hospitals. 
Eligible patients, after given a signed informed consent, were randomized (1:1) to receive 
interferon oc-2a (IFN) (Roferon-A, Roche) 6 MU three times a week (tiw) with either ribavirin 
(Riba) (Terafarm Katwijk, The Netherlands) or a matching placebo for 24 weeks. Riba 1200 
mg orally was given daily in two separate doses; the dose was 1000 mg daily in patients who 
weighted less than 75 kg. There was a follow-up period after the 6 months of treatment of 
another 6 months. 
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Patient selection 
Patients were eligible for inclusion when they fulfilled the following criteria: positive for 
HCV-RNA and anti-HCV antibodies for more than 6 months, age between 18 and 70 years. 
Exclusion criteria were: pregnancy or not willing to practise adequate contraception during 
and up to 6 months after the treatment period, prior antiviral therapy for chronic hepatitis C, 
HBsAg or HIV antibody positive, decompensated liver cirrhosis, history of alcohol or drug 
abuse within 6 months prior to study entry, severe mental depression or other psychiatric 
illness, any significant systemic disease other than liver disease, pre-existing bone marrow 
depression, a history of auto-immune hepatitis, a history of seizure or other significant central 
nervous system (CNS) dysfunction. A normal alanine amino transferase (ALAT) level at the 
beginning of therapy was not an exclusion criterium. 

Patient monitoring 
Patients were examined before the start of the study, at baseline (t=0), every 2 weeks during 
the first month and every 4 weeks till week 24 (end of the treatment period (ET)). In the 
follow-up period patients were seen at 28, 40 and 52 weeks (end of follow-up (EFU)). At 
each visit, a medical history, with special attention to side effects, a physical examination and 
routine blood tests were performed. Before the start of the study, at 24 and 52 weeks, auto
antibodies and a thyroid-stimulating hormone test (TSH) were assessed. When severe side 
effects occurred, the IFN and /or Riba dose was reduced or discontinued depending on the 
progression and seriousness of the side effects and maintained until the end of the treatment 
period. Samples for HCV-RNA measurements were taken at every visit and stored at -70°C. 

Detection of HCV-RNA 
Quantitative HCV-RNA (quant-PCR) measurements were performed with the Cobas 
Amplicor Monitor assay version 2.0 lower limit of detection 500 IU/mL (Roche Diagnostic 
Systems INC., Branchburg NJ), at week 0, 2, 4, 8, 24 and 52. Qualitative HCV-RNA (qual-
PCR) measurements were performed with a Cobas Amplicor HCV 2.0 test lower limit of 
detection 50 IU/mL (Roche Diagnostic Systems INC., Branchburg NJ) at week 8, 24 and 52. 
Negative qual-PCR samples were retested by Transcription Mediated Amplification (TMA), 
lower limit of detection 5 IU/mL (Versant ™TMA Bayer, Berkely, CA, USA). HCV 
genotyping was performed with restriction fragment length polymorphism (RFLP). All tests 
were performed according to the manufacturer's manual. 
All HCV-RNA measurements were log transformed. A value of 2.7 log was used when 
samples were negative in the quant-PCR at week 2 and 4. Negative samples in the qual-PCR 
test at week 8, 24 and 52 were retested with TMA, a value of 1.7 log was used for a sample 
with a negative qual-PCR test, but a positive TMA test. A value of 0.7 log was used when the 
TMA test was negative. 

Definition of response 
The main outcome of this study was a SVR, i.e. non-detectable HCV-RNA by TMA 6 months 
after stopping therapy. End of treatment response (ETR) was defined as non-detectable HCV-
RNA at week 24 by TMA. A virological relapse (VR) was defined as non-detectable HCV-
RNA by TMA at ET and a recurrence of detectable HCV-RNA after cessation of treatment. 
All other patients were classified as virological non-responders (VNR). 
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ALAT 
The upper limit of normal plasma ALAT levels in all 3 participating hospitals was 50 U/L. 

Liver histology 
Liver biopsy samples were taken in non-hemophiliac patients within 6 months before 
treatment and within 6 months after end of treatment. Paired pre-treatment and post-treatment 
biopsy samples were available in 29/54 patients (54%). The blinded biopsies were scored by 
an independent pathologist. The activity/grade was assessed by the histologic activity index 
(HAI) of Knodell on a scale of 0-18 and was classified as follows: Periportal or 
periseptal/interface hepatitis (0-4), confluent necrosis (0-6), focal (spotty) lytic necrosis, 
apoptosis (0-4) and portal infiltrate (0-4). The Knodell score on a scale of 0-22, was obtained 
by combining the fibrosis/stage, on a scale of 0-4 and the HAI. With the Metavir scoring 
system a stage of fibrosis and a grade of activity was established. Metavir fibrosis was staged 
on a scale of 0-4: 0= no fibrosis, 1= portal fibrosis without septa, 2= portal fibrosis with septa, 
3= septa without cirrhosis (nodular transformation) and 4= cirrhosis. The Metavir activity was 
classified as follows: 0= no activity, 1= mild activity, 2= moderate activity and 3= severe 
activity. Steatosis and iron was scored on a scale of 0-4. 

Statistical analysis 
Intention to treat analysis was performed on the basis of patients who received at least one 
dose of study medication. Patients who discontinued treatment, were considered to be 
virological non-responders. Data analysis was conducted using the statistical package SPSS 
for Windows (version 10.0). Categorical variables were compared with the Fisher's exact 
test. The Mann-Whitney test was used for continuous variables and a T-test was used to 
decide about significance in the paired liverbiopsies. Multivariate logistic regression was 
performed with significant baseline and viral kinetic parameters during treatment from 
univariate analysis. All tests of significance were two-tailed and a p-value of < 0.05 was 
considered significant. Predicted scores from the final regression model were used to 
determine cut-off value with a high negative predictive value for sustained virological 
response. Based on this identified cut-off value early stopping rules were formulated for 
different values of significant baseline and viral kinetic parameters during treatment. 
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Table 1 Pre-treatment characteristics of the 78 enrolled patients 

Hemophilia (n) 

Age (years)* 

Sex (M/F) 

Weight (kg)* 

ALAT (U/L)* 

Drop-outs 

Mode of aquisition 

Bloodtransfusion/ Bloodproducts 

Intravenous drug use 

Endemic countries 

Unknown 

Mean duration of infection 

<10 years 

>10<20 years 

>20 years 

Unknown 

HCV 

genotype 2/3 

genotype non-2/3 

HCV-RNA (log IU/mL)* 

IFN/Riba n=38 

10 

42 (20-61) 

28/10 

77 

98 

5 

13 

16 

7 

2 

5 

16 

13 

4 

15 

23 

5.1 

(52-110) 

(10-342) 

(13%) 

(34%) 

(42%) 

(18%) 

(5%) 

(13%) 

(42%) 

(34%) 

(10%) 

(40%) 

(60%) 

(2.7-6.3) 

IFN/Placebo n=40 

12 

40 (23-68) 

38/2 

74 (49-108) 

107(17-414) 

5 

16 

15 

3 

6 

6 

18 

9 

7 

19 

21 

5.2 

(13%) 

(40%) 

(38%) 

(7%) 

(15%) 

(15%) 

(45%) 

(23%) 

(17%) 

(48%) 

(52%) 

(2.7-6.6) 

mean (min-max) 

Results 

A total of 80 patients entered the study between October 1996 and December 1998. Two 
patients, randomized for the IFN/Riba combination arm, stopped before starting the treatment; 
one could not start because of a low leukocyte count, the other had given priority to start an 
alternative treatment schedule. Ten patients (13%) discontinued treatment due to side effects, 
5 in the IFN/Riba arm and 5 in the IFN/Placebo arm. The 10 patients who stopped treatment 
were considered to be VNR patients. Sixty eight patients were evaluable and the intention-to-
treat (ITT) analysis was performed on 78 patients. Pre-treatment characteristics of the 78 
enrolled patients are summarized in Table 1. A liver biopsy was taken from 54 non-
hemophiliac patients, within 6 months before the start of treatment. 
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Two non-hemophiliac patients refused to undergo a biopsy, both patients randomized for the 
IFN/Placebo arm. The histological pre-treatment characteristics of the 54 patients are 
summarized in Table 2. 

Table 2 Histological pre-treatment characteristics of 54 non-haemofiliac patients of 
whom a liver biopsy was obtained 

Histological characteristics IFN/Riba (n=26) IFN/Placebo (n=28) 

Metavir activity* 1 . 1 ( 0 - 3 ) 1 . 2 ( 0 - 3 ) 
Metavir fibrosis* 1 . 8 ( 0 - 4 ) 1 . 8 ( 0 - 4 ) 
HAI score* 4.7 (1 -10) 4.9 ( 1 - 9 ) 
Knodell score* 6 .5 (1 -14 ) 6 . 7 ( 2 - 1 3 ) 
Steatosis* 1.6 ( 0 - 4 ) 1.7 ( 0 - 4 ) 
Iron* 0.3 ( 0 - 3 ) 0.1 ( 0 - 2 ) 
* mean (min-max) 

Virological response 
According to ITT analysis a SVR was achieved in 17/38 patients (45%) after IFN/Riba 
treatment and in 4/40 (10%) after IFN/Placebo treatment (p=0.001). In genotype 2/3 patients 
SVR was achieved in 10/15 patients (67%) after IFN/Riba and in 2/19 patients (11%) after 
IFN/Placebo therapy (p=0.001). In genotype non-2/3 patients SVR was observed in 7/23 
patients (30%) after IFN/Riba and in 2/21 patients (10%) after IFN/Placebo therapy (ns) 
(Table 3). 

Table 3 Virological responses according to ITT analysis (78 patients), tested with TMA 
at 24 weeks (ETR) and at 52 weeks (SVR) 

ETR SVR 

IFN/Riba IFN/Placebo IFN/Riba IFN/Placebo 
n/tot(%) n/tot(%) n/tot(%) n/tot(%) 

All patients 21/38(55%) 11/40(28%) 0.02 17/38(45%) 4/40 (10%) 0.001 

Geno2/3 10/15(67%) 8/19 (42%) ns 10/15(67%) 2/19 (11%) 0.001 

Geno non-2/3 11/23(48%) 3/21 (14%) 0.02 7/23 (30%) 2/21 (10%) ns 

When considering only the 68 evaluable patients, we observed a SVR in 17 patients (52%), a 
VR after ET in 4 patients (12%) and a VNR in 12 patients (36%) of the 33 patients receiving 
IFN/Riba therapy. Of the 35 patients receiving IFN/Placebo treatment 4 patients (11%) 
achieved a SVR, 7 patients (20%) had a VR and 24 (69%) had a VNR. The virological 
responses at various time points during therapy of these 68 patients are depicted in Table 4. 
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Table 4 Virological responses at various time points during therapy, at the end of 
therapy and at the end of follow-up for 68 patients who completed therapy. 
HCV-RNA was tested with quant-PCR or qual-PCR and TMA (see 
techniques). 

HCV-RNA negative 
N (%) 

week 2 week 4 week 8 week 24 (ET) week 52 (EFU) 
Treatment quant- quant- qual-

PCR PCR PCR 
TMA 

qual-
PCR 

TMA 
qual-
PCR 

TMA 

IFN/Riba 
n=33 11(33%) 20(61%) 22 (67%) 20 (61%) 21(64%) 21(64%) 17(52%) 17(52%) 

IFN/Placebo 
n=35 9(26%) 16(46%) 15(43%) 13(37%) 13(37%) 11(31%) 4(11%) 4(11%) 

Histological response 
In patients with a SVR, the mean Metavir activity score, the mean HAI score and the mean 
Knodell score of the post treatment biopsies showed a significant improvement when 
compared with the pre-treatment biopsies (Table 5). In the VNR and VR patients no 
significant difference was seen when comparing post- and pre-treatment biopsies. 

Table 5 Histological changes in 29 patients with a paired biopsy after IFN/Riba or 
IFN/Placebo therapy according to their virological response 

Histological 
characteristics 
Metavir activity* 
Metavir fibrosis* 
HAI score* 
Knodell score* 
Steatosis* 
Iron* 

SVR 

PreTx 
1.3 
2.0 
5.2 
7.0 
1.8 
0.5 

patients n= 

Post Tx 
0.5 
1.9 
2.5 
4.2 
1.2 
0.7 

= 11 

P 
0.003 

ns 
< 0.001 
< 0.001 

ns 
ns 

VNR and VR 

PreTx 
1.3 
2.3 
5.3 
7.5 
2.0 
0.3 

patients n= 

Post Tx 
1.0 
2.3 
4.8 
7.1 
1.8 
0.1 

18 

P 
ns 
ns 
ns 
ns 
ns 
ns 

Baseline characteristics associated with response 
Univariate analysis of the 68 evaluable patients showed a significant association with SVR of 
the following parameters: IFN/Riba therapy (p=0.001), age < 40 years (p=0.02), ALAT levels 
> 1.5 ULN (75 U/L) (p=0.009) and HCV-RNA load < log 5 IU/mL at baseline (p=0.03) 
Multivariate logistic regression analysis including all baseline parameters which were 
significantly associated with SVR, showed that IFN/Riba combination therapy (p=0.001), age 
< 40 years (p=0.01) and ALAT levels > 1.5 ULN (p=0.01) were independent predictors for 
SVR. The significance of HCV-RNA load < log 5 IU/mL at baseline disappeared. 

62 



Predictive factors for response and non-response 

Seventy one percent (12/17) of the patients aged < 40 years and 68% (13/19) patients with 
ALAT levels > 1.5 ULN achieved a SVR after IFN/Riba therapy when analysed in the ITT. 
A NPV for SVR of 100% (Sens 1 Spec 0.30 PPV 0.39) was found for patients aged > 40 
years, independent of their baseline ALAT levels with IFN monotherapy. A NPV of 96% 
(Sens 0.95 Spec 0.49 PPV 0.47) was found for patients with ALAT levels < 1.5 ULN, aged > 
40 years with IFN/Riba combination therapy and for patients with ALAT levels < 1.5 ULN, 
aged < 40 years with IFN monotherapy. A NPV of 91% (Sens 0.81 Spec 0.85 PPV 0.71) was 
found for patients with ALAT levels > 1.5 ULN, aged < 40 years with IFN mono therapy 
(Table 6). 
Forty five of the 54 patients with a pre-treatment liver biopsy completed therapy. None of the 
histological baseline characteristics mentioned in Table 2 was in univariate analysis 
significantly associated with SVR in those 45 patients. When restricting to IFN/Riba, or 
IFN/Placebo therapy also no association between histological baseline characteristics and 
SVR was observed. 

Viral kinetics 
In figure 1 the mean viral load decrease during the first 8 weeks of therapy is depicted for 
patients receiving IFN/Riba or IFN/Placebo. Between the 2 treatment groups no significant 
difference was observed in mean viral load decline during this treatment period 
In figure 2 the mean viral load decline, according to virological response (SVR, VR and 
VNR) but irrespective treatment, is depicted at week 2, week 4 and week 8 of treatment. VNR 
patients showed a significantly less decrease in viral load when compared with SVR and VR 
patients. 

Figure 1 Mean log decrease in viral load at week 2, 4 and 8 of therapy in 68 evaluable 
patients according to the 2 treatment schedules. 
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Figure 2 Mean log decrease in viral load at week 2, 4 and 8 of treatment in 68 evaluable 
patients according to virological response. 
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Viral kinetics associated with response 
In univariate analysis of the 68 evaluable patients, significant predictors for SVR were delta 
load > log 1 IU/mL at week 2, delta load > log 2 IU/mL at week 4 and delta load > 3 log 
IU/mL at week 8 (pO.001, p=0.03 and p< 0.001 respectively). 
After performing a multivariate logistic regression analysis including the 3 significant kinetic 
parameters, delta load > log 1 IU/mL at week 2 was the only independent predictor for SVR, 
Odds ratio 22.2 (CI 1.5-327.7). 
None of the patients with a positive TMA test at week 8 of therapy achieved a SVR. A NPV 
of 100% was therefore observed for SVR by TMA being positive at week 8 (Sens 1.0, Spec 
0.73 PPV 0.64). 

Baseline characteristics in combination with viral kinetics associated with response 
Multivariate logistic regression analysis including all independent baseline predictors for SVR 
(IFN/Riba combination therapy, age < 40 years and ALAT levels > 1.5 ULN) and the only 
significant kinetic parameter for SVR during therapy (delta load > log 1 RJ/mL at week 2) 
showed that only IFN/Riba combination therapy and delta load > log 1 IU/mL at week 2 
remained independent factors for SVR. A NPV of 100% (Sens 1 Spec 0.40 PPV 0.41) was 
found for patients on IFN monotherapy without delta load > log 1 IU/mL at week 2, a NPV of 
97% (Sens 0.94 Spec 0.67 PPV 0.55 ) was found for patients on IFN/Riba combination 
therapy without delta load > log 1 IU/mL at week 2. Due to one SVR patient who started 
treatment with a viral load of < 500 IU/mL, a 100% NPV was not achieved (Table 6). 
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Table 6 Highest percentage NPV found for SVR. Calculated from independent 
predictors for SVR from baseline characteristics and from the combination of 
baseline characteristics and kinetic parameters during therapy. 

Baseline 
characteristics 

NPV for SVR 

Combination 
baseline 
characteristics 
and viral kinetics 

NPV for SVR 

IFN mono IFN mono 
Age>40yrs 100% delta load 
ALAT (Sens 1 Spec 0.30 PPV 0.39) < log 1 IU/mL 
<1.5ULN at week 2 

100% 
(Sens 1 Spec 0.40 PPV 0.41) 

IFN mono 
Age > 40 yrs 
ALAT 
> 1.5 ULN 

IFN mono 
Age < 40 yrs 
ALAT 
< 1.5 ULN 

IFN mono 
Age < 40 yrs 
ALAT 
> 1.5 ULN 

IFN/Riba 
Age > 40 yrs 
ALAT 
< 1.5 ULN 

IFN/Riba 
100% delta load 
(Sens 1 Spec 0.30 PPV 0.39) < log 1 IU/mL 

at week 2 

96% 
(Sens 0.95 Spec 0.51 PPV 
0.47) 

91% 
(Sens 0.81 Spec 0.85 PPV 
0.71) 

96% 
(Sens 0.95 Spec 0.51 PPV 
0.47) 

97% 
(Sens 0.94 Spec 0.67 PPV 0.55) 

Discussion 

The achieved SVR of 45% after IFN/Riba combination treatment in this study is comparable 
with the outcome of several large clinical trials. Values of 31%, 35% and 36% SVR were 
published in the late nineteen's of the past century after 24 weeks of IFN 3 MU tiw in 
combination with Riba (5-7). After 24 weeks IFN 3 MU tiw monotherapy, SVR rates of 6-
18% were found, which are also comparable with our 10% SVR rate after IFN/Placebo 
treatment (5;7). 
Treatment with IFN/Riba was the strongest predictor of SVR in our study. From all baseline 
characteristics mentioned, only age < 40 years and ALAT levels > 1.5 ULN had an 
independent additive effect on achieving SVR in multivariate logistic regression analysis. 
Young age and elevated ALAT levels were also important baseline predictors of SVR in the 
retrospective analysis of 260 chronic HCV patients treated with different doses of IFN or Peg 
IFN in combination with Riba for 6 or 12 months (8). In addition to the strong prediction of 
the combination treatment regimen, genotype in our study had no independent effect on 
achieving SVR. 
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This is in contrast with the predictive value of genotype in the study of Mangia et al. where 
chronic HCV patients were treated with 5 MU IFN tiw with or without Riba for 12 months 
(9). From baseline characteristics only, we were able to establish a 100 % NPV for SVR. Our 
study showed that offering IFN monotherapy for 6 months to a patient older than 40 years of 
age was of no use, independent of the baseline ALAT level was higher or lower than 1.5 
ULN. From all kinetic parameters during treatment the only independent predictor of SVR 
was delta load > log 1 RJ/mL at week 2 of therapy. All patients with a load decline of less 
than 1 log IU/mL after 2 weeks of therapy finally became VNR patients. When combining all 
independent baseline predictors for SVR and delta load > log 1 IU/mL at week 2, IFN/Riba 
combination therapy and delta load > log 1 RJ/mL at week 2 remained independent factors in 
predicting a successful outcome of therapy. However, all patients, whether treated with IFN 
monotherapy or IFN/Riba combination therapy, without a viral load decline of 1 log IU/mL 
during 2 weeks of therapy became VNR patients. Furthermore a 100% NPV for SVR was 
observed at week 8 of treatment with either IFN/Riba or IFN monotherapy. All patients with a 
positive TMA test at week 8 became VNR patients. Stopping rules for IFN based treatment 
schedules for chronic HCV patients are known since 1999 when Poynard et al. published their 
treatment "a la carte" (1). Patients with a positive HCV-RNA test at week 24 could 
prematurely stop treatment with standard IFN in combination with Riba. Later, stopping rules 
could be considered at week 12 of treatment with pegylated IFN and Riba due to viral kinetic 
studies (2;3;10). Viral load changes earlier during therapy and their relation with treatment 
outcome was performed in a study were chronic HCV patients were treated with 3MU tiw 
IFN/Riba combination for 12 months. The investigators found a 100% NPV for delta load 
HCV-RNA > 1 log IU/mL at week 4, delta load >2 log IU/mL at week 8 and delta load > 3 
log IU/mL at week 12 of therapy (10; 11). From the results of our study we come to the 
following conclusion. Every chronic HCV patient, regardless baseline characteristics can be 
offered standard IFN in combination with Riba for 6 months. When after 2 weeks of therapy 
patients had not achieved a viral load decline of > log 1 IU/mL, treatment could be 
discontinued. When quantitative HCV-RNA measurements are not possible due to logistic or 
financial reasons, week 8 of treatment offers another opportunity to discontinue treatment. A 
positive qualitative TMA test at that point of therapy has also a NPV of 100% for SVR. 
Offering IFN monotherapy to na'ive chronic HCV patients older than 40 years is useless. 
Younger patients should stop IFN monotherapy when after 2 weeks a viral load decline of > 
log 1 IU/mL is not achieved. This strategy offers nai've chronic HCV patients the opportunity 
to establish very early during therapy their chances for an eventual successful response or no 
response at all. Whether this very early stopping rule can be implemented in treatment 
protocols with pegylated IFN/Riba combination therapy remains to be seen. 
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Case Report 

Two weeks before his admission a 44 year old male truck driver fell down the stairs. Within a 
few days he had developed fluctuating double vision, difficulty in chewing and swallowing, 
and weakness of the arms and legs. By that time he had been treated for 15 months with 
interferon-alpha-2b (IFN) (3 million units sc , t.i.w.) and ribavirin (1000 mg daily) in a 
controlled clinical trial for chronic hepatitis C. Before starting this treatment the alanine 
aminotransferase (ALAT) was 71 U/L (upper limit of normal = 37 U/L), the HCV-RNA was 
positive (genotype la, 2.9 million copies (cps)/ml) and a liver biopsy had shown chronic 
persistent hepatitis with mild fibrosis. After initiating therapy he experienced increased 
fatigue. In the following 6 months he had lost 12 kg of weight. Hyperthyroidism was 
diagnosed and believed to be an autoimmune thyroiditis, frequently reported during IFN 
monotherapy. Subsequently, he became hypothyroid and treatment with 100 ug L-thyroxin 
daily was started. At that time the ALAT was normalised, but HCV-RNA remained 
detectable (2.2 million cps/ml). Because the thyroid disorder was not regarded as a severe 
adverse event, trial medication was continued. 

On admission to the neurological department he was cachectic and dyspnoeic at rest. His 
speech was slurred; he had bilateral ptosis, weakness of head- and neck musculature and a 
tetraparesis. Further investigation revealed an elevated titre of acetylcholine receptor (AChR) 
antibodies (0.89 nmol/1; normal < 0.30 nmol/1), and electromyography was consistent with 
myasthenia gravis (MG). CT of the mediastinum showed no evidence of a thymoma. 
Treatment with pyridostigmine for MG was started and trial medication was stopped. Within 
a few days he needed artificial ventilation and prednisolone was added. Over the next 4.5 
months his condition improved slowly. He was discharged to a stairless house. One and a half 
year later, the ALAT remained normal but the HCV-RNA was still detectable in the blood. He 
was euthyroid and without L-thyroxin medication, but dependent on prednisolone and 
pyridostigmine. He remained unable to return to work. 
Multiple plasma samples were available since the start of the trial medication. These were 
tested for thyroid- and AChR antibodies (Table). Before treatment with the trial medication, 
none were detectable. After 6 months thyroid antibodies were evident. Elevated AChR 
antibody titre was first detected when he was admitted for MG. These findings suggest that 
both the autoimmune thyroiditis and the MG were induced by IFN/ribavirin treatment. 

Table Presence of thyroid- and acetylcholine receptor antibodies during and after 
treatment with IFN and ribavirin for chronic hepatitis C infection in one patient 
who developed myasthenia gravis during this therapy. 

Time from onset of treatment (months) Autoantibodies 

Thyroid- Thyroid- Acetylcholine 
colloid cytoplasm receptor 

Before (0) 
(6) ± + 
Admission (15)* + ± + 
Discharge (20.5) + ± + 
(26.5)-now - - -
*IFN/Ribavirin treatment was stopped at this time point 
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Development of myasthenia gravis 

Chronic infection with hepatitis C virus has been associated with various autoimmune 
diseases, including MG, a neuromuscular disorder of autoimmune origin (1). More than half 
of the patients with chronic HCV treated with IFN develop auto-antibodies (2). Most 
commonly these are thyroid antibodies, associated with hyperthyroidism or hypothyroidism. 
Ribavirin monotherapy has not been associated with the development of auto-antibodies or 
autoimmune diseases (3). Development of MG, with elevated levels of AChR antibodies, has 
been reported in three patients treated with IFN monotherapy for chronic hepatitis C (4, 5, 6), 
untill now, no cases of MG have been reported in patients treated with the combination 
therapy IFN/Ribavirin. However, it cannot be excluded that in our patient Ribavirin has 
potentiated the autoimmuno modulating effect of IFN. 

Nowadays, many patients with chronic HCV are treated with combined treatments in clinical 
trials. We suggest that each patient should be monitored carefully for autoimmune phenomena, 
and that stopping the immunomodulating treatment should be considered, if an autoimmune 
disease develops and the patient is still HCV-RNA positive at that time. 
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Chapter 6 

Summary 

Background: A rapid decrease of HCV-RNA is interferon dose dependent and a 3 log 
decline of HCV-RNA is a strong predictor of sustained virological response. In this study 
viral kinetics of HCV-RNA in patients treated with 18 MU IFN-a daily for 2 weeks are 
presented. 
Methods: Thirteen treatment-naive patients with chronic hepatitis C received Interferon a-2a 
6 MU 8 hourly for two weeks. Samples were obtained daily during the treatment period. 
HCV-RNA levels were determined using the quantitative VERS ANT™ 3.0 bDNA assay 
(detection limit 520 IU/mL). When results were below the detection limit, HCV-RNA was 
measured by qualitative PCR using the COBAS AMPLICOR™ HCV test, version 2.0 
(detection limit of 50 IU/mL). 
Results: In patients infected with genotype non-1 a 3-log decline of viral load was found 2.4 
days after the start of induction therapy. On the other hand, only 1 out of 3 patients infected 
with genotype-1 had a 3-log decline in viral load within 14 days of the start of therapy. In four 
patients a third phase of viral decline was observed. At the end of treatment 10/13 (77%) and 
7/13 (54%) patients were HCV-RNA negative in quantitative assay and qualitative PCR 
respectively. Only one 1/13 achieved a sustained virological response. 
Conclusion: Daily administration of 18 MU IFN-a to patients infected with genotype non-1 
induces a 3 log decline of viral load within 2.4 days of the start of treatment. In patients 
infected with genotype 1 only 1/3 patients had a 3 log decline at 11 days. 
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Introduction 

The current treatment of choice for chronic hepatitis C is a combination of IFN-a and 
ribavirin for 24 or 48 weeks and such therapy is associated with a sustained virological 
response (SVR) rate in 38-43% of patients. 
Patients who are HCV-RNA negative by qualitative PCR test, three months after starting IFN-
oc therapy, are most likely to achieve a SVR (21). If HCV-RNA is still detectable after one 
month of treatment it may be considered to discontinue or modify standard therapy (3). A 
decrease of at least 3 log in viral load during the first 4 weeks of therapy is a strong predictor 
of SVR. The number of patients with a SVR at the end of therapy may be increased by giving 
higher doses of IFN-a during the induction period (23). Viral kinetics in patients who respond 
to IFN-a therapy is biphasic (18). A rapid decrease of HCV-RNA the first 48 hours of therapy 
can be explained by an inhibitory effect of IFN-a on production and/or release of virus by 
infected cells. This phenomenon, is dose-dependent (13; 15). In patients who respond to IFN-
a after the initial phase of steep decline of HCV-RNA, there is a second phase observed in 
which HCV-RNA decreases less rapidly. It is assumed that this second phase is attributable to 
the death of infected hepatocytes. The half life of infected hepatocytes varies in different 
patients. Hence there is also variability in the decline of HCV-RNA between patients (15). 
The rate of decline of HCV-RNA in the second phase is a predictor of early viral clearance 
(14). In a recent study a third phase (between 32-120 hrs after start of therapy) during viral 
decline was described, this third phase is observed directly after the first phase and is marked 
by an increase in HCV-RNA. Several possible mechanisms may account for this third phase. 
One explanation is that the immune mediated second phase does not appear directly after the 
first phase and therefore a period with less immune suppression is present (1). HCV-RNA has 
a half life of approximately 1.5-4.6 hours in blood or plasma. The daily production of HCV-
RNA is 4.1010-1.1013 copies (10). Because IFN-a has a plasma half life of approximately 8 
hours, IFN-a concentrations fluctuate substantially when IFN-a is administered thrice weekly 
(t.i.w.). When IFN-a is given t.i.w. there are periods in which IFN-a levels are low or 
undetectable, and viral replication may be less suppressed (13). It is possible that even when 
IFN-a is injected once a day HCV viral replication may occur during periods between the 
injections. Higher doses of IFN-a as induction therapy may prevent the intermittent viral 
replication. High doses of IFN-a 18-20 MU per day administered to patients with AIDS 
related Kaposi sarcoma, were shown to be safe and well tolerated in this patient group (8). 
Since the high rate of adverse events during IFN-a therapy, shorter duration of therapy will be 
much better tolerated by patients. In some cases SVR was achieved when IFN-a was given 
for only 2 weeks (2). This observation suggested that in some patients a short course of IFN-
a, may be sufficient to clear the virus. 

The aim of our pilot study was to determine in patients with chronic hepatitis C the kinetics of 
HCV-RNA during therapy 18 MU IFN-a, given as 6 MU 8 hourly daily for two weeks and to 
establish the number of patients with SVR. 

Material and Methods 

Study design 
The study was an open label pilot study. The protocol of the study was approved by Medical 
Ethics Committee of the Academic Medical Center, University of Amsterdam. 
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All participating patients had signed a comprehensive informed consent form. All patients 
received 6 MU IFN-oc 8 hourly for 2 weeks. All patients were admitted in the hospital for the 
first 2 days of the trial. At day 4, 8, 11 and 14 the patients came at the outpatient clinic for 
monitoring the safety and tolerance of this treatment schedule. Patients were also assessed 3, 
4, and 6 weeks and 6 months after start of therapy. 

Patients 
Criteria for patient selection were: age between 18-70 years, chronic hepatitis C, treatment 
nai've, anti-HCV and HCV-RNA positive, histopathological confirmation of chronic hepatitis 
within 6 months prior to start of the therapy, and elevated serum aminotransferase (ALAT) at 
least > 1.5 times the upper limit of normal. 
Exclusion criteria included: evidence of decompensated liver disease (e.g. albumin< 32g/l, 
PTT > 4 seconds prolonged, conjugated hyperbilirunaemia, ascites, a history of GE bleeding 
or encephalopathy), HIV infection, coinfection with hepatitis B, severe mental depression, 
seizures, clinically significant CNS dysfunction, malignant disease, congestive heart failure, 
uncontrolled diabetes mellitus, renal failure (serum creatinine >2 mg/dl), autoimmune disease, 
a bone marrow depression (hematocrit <32%, white blood cell count 2.5x10 /L, and/or 
platelets < 80x109/L) and a history of active substance abuse. 

Patient characteristics 
All 13 patients studied fulfilled the study criteria. Three had genotype 1 and 10 had genotype 
non-1. Nine were male. Their mean age was 40 years old (range 29-49). Nine of the 13 
patients probably had been infected with HCV during previous intravenous drug abuse. In the 
remaining 4 patients no potential source of infection was identified. The mean duration of 
infection was 20 years and the mean pre treatment HAI (12)score was 6. The pre treatment 
ALAT levels and viral load are listed in table 1 and 2. 

Sample collection 
EDTA blood was collected at the following time points: 2 weeks before start of therapy, 
during each of the first 2 days of therapy just before the first dose of IFN-oc and 8, 24, and 32 
hours thereafter, and at days 3, 4, 7, 8, 9, 10, 11, 14, 15 during therapy. During follow-up 
serum samples were obtained 3, 4, and 6 weeks after starting IFN-a therapy and 6 months 
after the end of treatment. 
EDTA-plasma samples were stored at -70 °C within 4 hours after blood collection. 

Serological test 
Plasma samples were tested for the presence of anti-HCV antibodies using a 
3rd generation Enzyme Immunoassay (EIA 3.0; Abbott Laboratories, Chigaco, IL) according 
to the manufacturer's instructions. 

Detection of HCV-RNA 
Quantitative detection: A quantitative bDNA assay (Versant 3.0 Bayer, Berkeley, CA, USA) 
which uses 50 uL of plasma or serum and which has a dynamic range of 
520-8.3 xlO6 IU /mL, respectively. This bDNA technology utilises a sandwich nucleic acid 
hybridisation procedure. Briefly, the HCV 3.0 bDNA assay provides an improved assay in 
singular measurements of plasma and serum samples. 
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Qualitative detection: HCV RNA was detected by RT-PCR using the COBAS AMPLICOR™ 
system according to the manufacturer's instructions (Roche Diagnostic Systems, Inc., 
Branchburg, NJ). The detection limit of this assay is 50 IU/mL. 

Genotyping 
HCV genotypes were determined by direct sequencing using the TrueGene Genotyping 
assay and the OpenGene automated DNA sequencing system (Visible Genetics Inc., 
Toronto, Canada). 

Viral kinetics 
The rate of viral clearance (T •/,) was calculated using standard methods (13;24). The half-life 
of the virus is calculated for each patient from the exponential decline in the viral load, in 
particular from slope (S) between the initial viral load (HCV-RNA) and the viral load (HCV-
RNA) 24 h after the start of treatment. 
S=log (viral load To)-log (viral load T24) 
T,/2(hours)=log(2)/SX24 
Assuming that distribution of the virus reaches equilibrium in extracellular fluid, viral 
production and clearance per day can calculated according to the following equation: 
[viral production or clearance per day] = 
[extracellular volume in liters} x [pretreatment viral load in IU/L]/[Ti/2 in day]. 
Extracellular volume was calculated according to the equation: 
[extracellular volume in liters = 20% of [body weight in Kg] (9) 
All viral load data were logio transformed. The decline in viral load between the different time 
points is expressed as log decline. Due to the log transformation of the viral load a linear 
model of decline of viral load for each patient was adopted. 
In calculations the arbitrary value of 500 IU/mL (2.7 log) was used when values were 
negative using the quantitative assay but positive using qualitative PCR. When the samples 
were negative in the qualitative PCR, a value off 50 IU/mL (1.7 log) was used in the 
calculations. 

Statistics 
Data are expressed as means ± standard deviation (SD). Mean values were compared using an 
independent sample T-test. All data analysis was conducted using the Statistical Package for 
Social Sciences (SPSS for windows 9.0.1). P-values of <.05 were considered to be significant. 

Results 

Virological response during and after treatment 
At the end of treatment 10/13 (77%) patients, all genotype non-1, were HCV RNA negative as 
measured using the quantitative assay. Seven of these 10 patients were also HCV RNA 
negative as measured using the qualitative PCR at the end of treatment. The mean viral load 
for patients who were HCV RNA negative or positive at end of treatment was 1.7xl06 IU/mL 
and 2.6xl06 IU/mL respectively (p=NS). One week after stopping treatment, only 2/13 (15%) 
patients remained HCV RNA negative and at 4 weeks only 1 (patient F) of the 13 patients 
was HCV RNA negative. This patient was still HCV RNA negative 6 months after stopping 
therapy and, consequently, has been classified as a SVR. 
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Viral kinetics 
The results of the viral kinetic studies are summarized in figures 1, 2, 3, 4 and in tables 1, 2 
and 3. In the first 8 hours (after injection of 6 MU interferon) all patients, independent of 
genotype, had a reduction of viral load. The mean log decrease was 0.081. After the first 24 
hours, patients with genotype non-1 had a mean log viral load decline of 1.9 (SD ± 0.7 range 
0.65-3.09) and a mean viral load reduction of 98.2%, whereas patients with genotype 1 had a 
log decline of 0.91 (SD ± 0.60 range 0.43-1.59) and a mean viral load reduction of 80.3%. In 
four patients (patient B and M figure 3, and patient H and J, figure 2) a third phase viral load 
decline was seen during treatment which occurred 32 after hours after start of treatment. 
Between day 1 and day 15 the log viral load decline was 1.62 (SD ± 0.89 range 0.00-2.54) for 
patients with genotype non - 1 , and 1.07 (SD ± 0.63 range 0.56-1.75) in patients with 
genotype 1. All patients had a reduction in viral load during treatment. The mean log viral 
load decline during 14 days of treatment was 3.42 (range 1.29-5.00). Between patients who 
became HCV RNA negative and patients who remained positive at the end of treatment, there 
were no significant differences in the half-life of HCV RNA, in the first 24 hours and between 
day 1 and 15. 
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Table 1 

Patient 

A 

B 

C 

D 

E 

F 

G 

I 

L 

M 

Mean 
±SD 

Geno 

3 

3 

2 

3 

3 

3 

3 

4 

3 

3 

Viral kinetics 

Age 

45 

40 

49 

34 

37 

35 

39 

49 

38 

41 

41 

Sex 

M 

F 

M 

F 

M 

F 

M 

M 

M 

M 

of patients 

Pre 
treatment 
ALAT 
(U/L)* 

91 

56 

87 

287 

210 

90 

97 

412 

344 

110 

178 

infected with HCV 

Pre 
treatment 
viral load 

(log) 

6.43 

6.7 

6.43 

5.51 

6.54 

4.89 

6.84 

4.26 

5.75 

5.12 

5.85 ±0.87 

Decrease 
in viral 
load 
day l8 

3.09 

2.46 

2.21 

1.88 

1.9 

1.13 

2.39 

1.56 

0.65 

2.5 

1.9±0.7 

genotype non-1 

T,/2 

(hrs)s 

2.32 

2.88 

3.26 

3.84 

3.8 

6.39 

3.00 

4.61 

11.1 

2.88 

4.4 + 2.6 

Viral 
production 
and 
clearance 
per day x 
109IU§ 

495 

539 

386 

39 

309 

4 

900 

0.16 

20 

19 

271 ±308 

Time 
point >3 
log 
decline 

1 day 

32hrs 

2 days 

32hrs 

32hrs 

3 days 

8 days 

1 day 

4 days 

1 day 

2.4 ±2.2 

s All values calculated during the first 24 hours. 
* Upper limit of normal 45 U/L 

Table 2 Viral kinetics of patients infected with HCV genotype 

Patient Geno Age Sex 

Viral 
Pre Pre Decrease production Time 
treatment treatment in viral Ti/2(hrs)s and 
ALAT viral load load day 
(U/L)* (log) l8 

point 
clearance >31og 
per day x decline 
lO'lU5 

J 1 

K 1 

H 1 

Mean 
±SD 

29 

37 

47 

38 

M 

F 

M 

125 

74 

60 

86 

6.51 

5.86 

6.29 

6.22 ± 0.33 

1.59 

0.43 

0.73 

0.91 ± 0.60 

4.53 

16.8 

9.88 

10.4±6.15 

284 

13 

72 

123 ± 142 

11 days 

Not 
achieved 

Not 
achieved 

unknown 

* All values calculated during the first 24 hours. 
* Upper limit of normal 45 U/L 
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Table 3 Comparison of viral kinetics between patient with HCV genotype 1 and 
genotype non-1 

Patients infected 
with: 

Viral decline 
during 
treatment 
14 days 

Decrease in T1/2 
viral load (hrs)1^ 
day 1 1 

Viral production and 
clearance per day 
x l O ' l U 1 

Genotype non-1 10 3.85 log 4.4 271 

Genotype 1 3 2.02 log 0.91 10.40 123 

All values calculated during the first 24 hours 

Figure 1 Mean HCV viral load and ALAT during treatment and follow up in patients 
infected with genotype non-1 
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Figure 2 Mean HCV viral load during treatment and follow up of patient F with 
sustained virological response 
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Figure 4 HCV RNA viral load during treatment and follow up of patient B and M 
infected with genotype non 1, showing a third phase 
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Biochemical response during treatment 
The mean pretreatment ALAT values of the 7 patients who became HCV RNA negative at the 
end of treatment was significantly higher than the 6 patients who were HCV RNA positive at 
the end of treatment (220 U/L vs. 92 U/L; p=NS). At the end of treatment the mean ALAT 
value was 98 U/L and 3/13 (23%) of the patients had levels of ALAT within normal range. 
One week after treatment the mean ALAT value was 50 U/L and 9 (69%) of the patients had 
ALAT values within the normal range. Four weeks after treatment the mean ALAT value was 
90 U/L and only the one patient, who had a SVR had a normal ALAT value. 

Side effects 
All 13 patients completed the therapy protocol, indicating that the treatment was well 
tolerated. However, all patients initially experienced mild flu like symptoms (headache, 
fatigue, myalgia) which improved within the first few days with the use of conventional dose 
of paracetamol. In the second week of treatment most patients discontinued paracetamol. All 
patients developed mild lymphopenia and thrombocytpenia. The reduced levels of 
lymphocytes and thrombocytes did not necessitate dose modification and within one week 
after stopping the treatment, white blood cell and platelet count had returned to the values 
within normal range. All patients had reversible hair loss 3-4 months after stopping high dose 
IFN-oc treatment. The hair loss resolved within 6 months of the first sign of hair loss. In one 
patient the dose of IFN-cc was reduced after one week because of skin rash. The rash 
disappeared within 3 days after stopping IFN-a. 
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Discussion 

With the treatment schedule of 6 MU IFN-a 8 hourly, a mean 3 log decline in viral load 
(HCV-RNA) was achieved within 3.2 days of the start of treatment. Eleven of 13 (85%) 
patients achieved at least a 3 log decline in viral load within 14 days of start of therapy. An 
initial 3 log decline of HCV RNA in the first 4 weeks is regarded to be one of the strongest 
predictor of virological sustained response. When 6 MU IFN-a t.i.w. was administered only, 
27% of the patients, had at least a 3 log decline in HCV-RNA 4 weeks after treatment (23). 
In our study 54% of patients were HCV-RNA negative at the end of treatment. In other 
studies, 6-12 months of treatment with IFN-a monotherapy was associated with an end of 
treatment response (HCV-RNA negative) of 24- 33% (16; 19). A positive HCV-RNA test at 
week 4 and 12 has been reported to have a high predictive value (98-99%) for virological 
non-response (3;21). Since we stopped treatment after 2 weeks, the predictive value of a rapid 
3 log decline in HCV-RNA and/or an early negative HCV-RNA test could not be established 
in our study. 
At the end of follow up only one of 13 (7.7%) patient had a SVR. In studies in which patients 
were treated with IFN-a for 6 or 12 months, a SVR rate of 6-19% had been reported 
(4;16;19;20). In the first 24 hours of treatment we demonstrated that the half life of HCV 
RNA was 5.79 hours and the calculated daily mean production and clearance of HCV was 
237x109 IU/day. Other studies have reported a daily production and clearance of HCV of 
66.7x 109 copies/day (24), 367x109 copies/day (13), 1276 x 109 copies/day (18). In our study 
patients infected with genotype non-1, the viral decline was more rapid in the first 24 hours 
(first phase) then in the remainder of the treatment period (second phase). This finding is in 
accordance with other studies (17; 18). Our data confirm that patients infected with genotype-1 
are less responsive to IFN-a treatment as was observed by others (5). However a study by 
Ferenci et al described significant higher SVR rate in patients with genotype 1 receiving high 
dose induction therapy (7). During the first 24 hours we found a mean reduction in viral load 
of 80.3%, a half life of HCV RNA of 0.4 days and a daily HCV production and clearance rate 
of 123 xl09 IU. Lam et al demonstrated a IFN-a dose dependent decline in viral load for 
patients infected with genotype 1 in the first 24 hours of treatment. Patients receiving 10 MU 
IFN-a had a 85.5% reduction of viral load, a half life of HCV RNA of 0.3 days and a daily 
HCV production and clearance of 370x109 copies in the first 24 hours of treatment. Despite 
the relatively constant levels of IFN-a there were no differences between our study and 
previous studies of HCV kinetics during the first phase in patients infected with genotype 1 
(13;18;24). However, a high density of interferon receptors in the liver correlates with the 
viral response to IFN-a (22). Therefore, it is possible that most of the interferon receptors 
were already blocked by a dose of 10 MU IFN-a a day, and that a high constant level of IFN-
a had no additive beneficial effect on the clearance of the virus (13) 

The first phase of the treatment response is dose dependent (13) but the rate of viral decline in 
the second phase was found to be not dose dependent (15). However, the slope of HCV RNA 
levels with respect to time in the second phase is dependent on the viral load achieved after 
the first phase. A recent study showed that none of the patients with less than 70% viral load 
decline 24 hours after the first dose of IFN-a had a SVR 6 months after standard therapy (11). 
In our study most patients rapidly became HCV-RNA negative below the detection level of 
the quantitative bDNA assay and accordingly no viral load could be detected during the 
second phase. In four patients infected with genotype 1 and 3 a third phase was observed. 
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In a study by Bekkering et al. (1), all patients receiving high dose Interferon for 4 weeks 
showed a short rise in viral load between 32 -120 hrs after initiation of therapy, the so-called 
third phase. In our study, the four patients with a third phase appeared to have a delayed start 
of the second phase. Since the viral decline in the first phase was extremely rapid in most 
patients and the HCV-RNA load was around or just below the cut-off of the bDNA within 48 
hours, therefore a third phase could not be observed. Another possible explanation for the 
lacking third phase in most patients may be the constant high level of IFN-a and therefore a 
constant immuno-modulating process in the hepatocytes. Beckering et al (1), postulated 2 
mechanisms for the third phase, the efficacy of interferon may change after the first 24-32 
hours due to down regulation of Interferon receptors therefore the immune mediated response 
in the second phase does not start and a lag period of viral suppression is present. The second 
explanation may be that HCV viral species for which Interferon has a lower efficacy may 
emerge after the first phase. Another possible explanation is that after rapid clearance of the 
HCV from the serum (first phase), the second phase which is clearance of the infected 
hepatocytes starts. In the beginning of the second phase a large number of infected 
hepatocytes are cleared therewith releasing HCV-RNA in the serum which may contribute for 
the viral load rise in the third phase. However a raise in ALAT is not observed during the 
third or second phase. More research is necessary for explanation of the third phase. 
It is surprising that patients receiving 8 hourly injections of 6 MU IFN-a had only mild flu 
like side effects after the initiation of interferon therapy. The observed side effects are 
comparable to dose occurring 6 to 8 hours after one injection of IFN-a. These side effects can 
be ameliorated by paracetamol (6). However, in our trial most patients felt they had no need 
for paracetamol after the first week of treatment. It is possible that due to the injections being 
given every eight hours, the level of IFN-a is more stable, and patients may not experience 
symptoms associated with a drop or rise in IFN-a levels and/or a sudden increase of IFN-a 
levels every other day. 
In conclusion, treatment of IFN-a naive patients with chronic hepatitis C with 6 MU IFN-a 8 
hourly for 2 weeks induces a mean 1.6 log decline in HCV-RNA during the first phase and a 
1.35 log decline during the second phase of treatment. This high dose induction schedule may 
potentiate SVR in patients with chronic HCV when prolonged IFN-a treatment in 
combination with ribavirin is subsequently given. 
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Summary 

Thirty seven chronic hepatitis C patients with virological relapse (VR) after previous 
interferon-a (IFN) or IFN/ribavavirin (Riba) therapy, were re-treated. Patients were 
randomized for either IFN/Riba and Amantadine (Ama) including a 2-week initial high IFN 
induction course (18 MU IFN daily) (Group A) or the same 2-week IFN induction course 
combined with Riba/Ama, followed by Riba/Ama without IFN (Group B). Treatment duration 
for both groups was 24 weeks with a 24-week follow-up thereafter. The inclusion in group B 
was prematurely stopped because all patients (n=10) relapsed within 2 weeks after stopping 
IFN. Therefore all subsequent patients were included in group A (total n=27). In group A 
44% achieved a sustained virological response (SVR) and 29% of the patients with an end of 
treatment virological response had again a VR. Of all pretreatment characteristics only 
genotype non-1 patients had a significantly higher chance of achieving SVR (p<.001). Of the 
characteristics during treatment only a negative HCV-RNA test result in transcription 
mediated amplification (TMA) at week 6 had a high predictive value for SVR, 80% in all 
patients and 92% in genotype non-1 patients. In conclusion hepatitis C patients with a VR to 
previous antiviral treatment can be successfully re-treated with IFN induction combined with 
Riba/Ama for only 6 months, when they have genotype non-1 and a negative HCV-RNA test 
result in TMA 6 weeks after therapy start. Riba/Ama combination therapy without IFN does 
not prevent VR after 2 weeks high IFN induction. 
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Introduction 

The main goal of therapy for patients with chronic hepatitis C is the achievement of a 
sustained virological response (SVR), i.e. undetectable levels of HCV-RNA in the plasma 6 
months after stopping therapy. Unfortunately there are patients with chronic hepatitis C who 
have only a temporary virological response, i.e. patients with a virological relapse who have 
undetectable HCV-RNA levels at the end of a treatment course, but HCV-RNA detectable 
again after stopping the medication. The percentage of these patients with an end of treatment 
virological response, but with a virological relapse within 6 months after stopping the 
medication is defined as the relapse rate (RR). Retrospectively the RR can be calculated in 
several reported studies. In treatment naive patients, irrespective of their genotype, a SVR was 
achieved in 10-15% with an estimated RR of 70 %, after interferon-a (IFN) monotherapy 3 
MU three times a week (tiw) given for 6 months (standard therapy). After a 12-months IFN 
course the SVR increased to 20-25% with an estimated RR of 50% (1) .Since the introduction 
of the IFN/ribavirin (Riba) combination therapy, the SVR increased to 35% after 6 months of 
therapy and to 43 % after 12 months of therapy, with a RR of 39% and 19%, respectively (2). 
When Pegylated IFN (PeglFN) in combination with Riba was given for 12 months, the SVR 
increased to 54% , but the RR remained 18% (3). There are several reports of retreatment of 
virological relapse patients after IFN monotherapy, with different SVR and RR rates. 
However, results of retreatment of virological relapse patients after treatment with IFN/Riba 
or PeglFN/Riba combination therapy have not yet been reported. Retreatment with a standard 
dose of IFN given for 6 months showed, in all genotypes, a SVR of 14% with a RR of 64% 
(4). Higher doses of IFN (10 MU tiw) given for 6 months was associated with a SVR of 17% 
and a RR of 79% (5). Five MU IFN tiw given for 36 months lead to a SVR of 56% with a RR 
of 0% (6). Retreatment of relapse patients with combination IFN/Riba therapy, given for 6 
months was associated with a SVR of 25% and a RR of 71%. When this combination therapy 
was given for 12 months the SVR was 67% and the RR 18% (7). 

Min et al. found a SVR of 43% with a RR of 18% after 12 months of therapy with 3-5 MU 
IFN/Riba (8). 
Viral kinetic studies in treatment na'ive patients indicated a dose dependent clearance of HCV-
RNA after a single dose of IFN (9). A decrease of at least 3 logs in viral load during the first 4 
weeks of IFN therapy was a strong predictor of SVR (10). Daily doses of IFN induction 
schedules were introduced to achieve a more rapid viral decline and a higher rate of SVR 
(11). With the treatment schedule of 6 MU IFN 8 hourly for 2 weeks, a mean 3 log decline in 
viral load was achieved within 3.2 days of the start of treatment in na'ive chronic HCV 
patients (12). In the treatment of naive chronic hepatitis C patients, daily administration of 3-5 
MU IFN during the first month followed by a standard IFN treatment for one year lead to a 
significant increase in end of treatment virological response. However, no increased SVR was 
found due to a higher RR after this induction therapy (13). IFN induction therapy combined 
with Riba for 9 months in na'ive chronic hepatitis C patients was not associated with a higher 
SVR when compared to a 5 MU IFN/Riba combination therapy course (14). For retreatment 
of virological relapse patients, IFN monotherapy induction of 10 MU daily for 2 weeks, 
followed by 10 MU IFN tiw for 12 weeks, was not effective: the SVR was 0% and the RR 
100% (4). Currently there are no published reports of retreatment of virological relapse 
patients with IFN/Riba combination therapy including an IFN induction schedule. 
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A new retreatment option became possible when amantadine (Ama), a tricyclic amine with 
antiviral properties, was introduced. When Ama was given as monotherapy or in combination 
with IFN and Riba to previous IFN virological non responder patients, a significant number of 
these patients achieved a SVR (15) (16). 

The aim of this randomized pilot study was to establish the SVR and RR of a retreatment 
schedule consisting of a combination of IFN, Riba and Ama, including an initial 2 week high 
IFN induction course, for chronic HCV patients with a virological relapse after IFN 
monotherapy or IFN/Riba combination therapy. Riba is associated with a decrease in 
virological relapse when combined with IFN. However, no reports of virological relapse are 
available when Riba is combined with Ama. Therefore another aim was to establish SVR and 
RR in these patients when a treatment of 2 weeks high IFN induction, was followed by the 
combination Riba/Ama without IFN. 

Methods 

Study design 
This study was approved by the ethics commitee and designed as a randomized open labelled 
pilot study in chronic hepatitis C patients who had a virological relapse (VR) after IFN 
monotherapy or after IFN/Riba combination therapy. 
Eligible patients with a VR were randomized to 2 treatment schedules. 
Treatment A: IFN (Roferon-A, Roche) 6 MU every 8 hours for 2 weeks in combination with 
Riba 1000-1200 mg and Ama 100 mg per day, followed by IFN 6 MU tiw for 22 weeks in 
combination with Riba 1000-1200 mg and Ama 100 mg per day. 
Treatment B: IFN 6 MU every 8 hours for 2 weeks in combination with Riba 1000-1200 mg 
and Ama 100 mg per day, followed by Riba 1000-1200 mg and Ama 100 mg per day for 22 
weeks without IFN. Riba was given orally in two divided doses. The total dose was 1200 mg 
per day in patients'weighing 75 kg or more and 1000 mg per day for those weighing less than 
75 kg. After the 24 weeks treatment period there was a follow-up period of at least 24 weeks. 
Randomization was performed using a computer-generated randomization list. 

Patient selection 
Patients were eligible for inclusion when they fullfilled the following criteria: HCV-RNA 
positive by qualitative PCR, a treatment free interval of at least 24 weeks after previous 
antiviral therapy, age between 18 and 75 years and, signed informed consent form. Exclusion 
criteria were: pregnancy or not willing to practise adequate contraception during and up to 6 
months after the treatment period, HBsAg or HIV antibody positive, decompensated cirrhosis, 
history of alcohol or drug abuse within 6 months prior to study entry, severe mental 
depression or other major psychiatric illness, any significant systemic disease other than liver 
disease, pre-existing bone marrow depression, a history of auto-immune hepatitis, a history of 
seizure or other significant CNS dysfunction. 

Patient monitoring 
Patients were examined at least 2 weeks before start of therapy, the day the study medication 
started, and 1 and 2 weeks after initiation of IFN induction. Daily telephone contact with the 
medical trial coordinator was offered, and when uncommon side effects were mentioned, 
patients were seen more frequently. 
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After completion of the IFN induction period, patients were seen every 2 weeks until week 8 
and every 2 months until the end of the treatment period (week 24). In the follow-up period, 
patients were seen 4 weeks after stopping the study medications (week 28) and at the end of 
follow-up (week 48). At each visit, a medical history, a physical examination and routine 
blood tests were performed. Before the start of the study, at t=24 and at t=48 weeks, sera were 
tested for auto-antibodies and thyroid-stimulating hormone (TSH). When side effects 
occurred, the IFN and /or Riba dose was reduced or discontinued depending on the 
progression and seriousness of the side effects. When relevant the dose of Riba was reduced 
in steps of 200 mg, or the dose of IFN was halved and, if tolerated maintained at this dose 
until the end of the treatment period. EDTA-plasma samples for PCR measurements were 
taken at every visit and stored at -70°C. As part of treatment monitoring, HCV-RNA was 
determined at t=0, t=l, t=2, t=6, t=24, t=28 and t=48 weeks. 

Detection of HCV-RNA 
Qualitative HCV-RNA measurements were performed using a Cobas Amplicor HCV 2.0 test 
(qual-PCR), lower limit of detection 50 IU/mL (Roche Diagnostic Systems INC., Branchburg 
NJ) and by Transcription Mediated Amplification (TMA), lower limit of detection 5 IU/mL 
(Bayer, Berkely, CA). 
Quantitative HCV-RNA measurements were performed using the Cobas Amplicor Monitor 
assay version 2.0, lower limit of detection 600 IU/mL (quant-PCR) (Roche Diagnostic 
Systems INC., Branchburg NJ). 
HCV genotype was determined by direct sequencing using the TrueGene Genotyping assay 
and the OpenGene automated DNA sequencing system (Visible Genetics Inc., Toronto, 
Canada). All tests were performed according to the manufacturer's manual. The Cobas 
Amplicor HCV 2.0 test was used on all pretreatment plasma samples and samples at t=0, t=l, 
t=2, t=6, t=24, t=28 and t=48 weeks. Samples at t=6, t=24, t=28 and t=48 weeks which 
yielded negative results in Cobas Amplicor HCV 2.0 were retested by TMA. The quantitative 
PCR assay was used for plasma samples taken at t=0, t=l and t=2 weeks. 

Definition of response 
The main endpoint of this study was a sustained virological response (SVR) at the end of 
follow-up. A SVR was defined as non-detectable HCV-RNA at the end of follow-up (t=48 
weeks) by TMA. End of treatment response (ETR) was defined as non-detectable HCV-RNA 
at week 24 by TMA. A sustained biochemical response was defined as a persistently normal 
ALAT value (< 45 U/L) from the end of treatment until at least 6 months after the end of 
treatment. 

Viral kinetics 
Quantitative HCV-RNA measurements, performed at the beginning of treatment (t=0), after 1 
week of treatment (t=l) and after 2 weeks of treatment (t=2), were log transformed. A value 
of 600 IU/mL (2.8 log) was used when samples were negative in the quant-PCR. When at t=l 
and at t=2 the quant-PCR value was <600 IU/mL, a qual-PCR was performed. If the outcome 
of that test was negative, a value of 50 IU/mL (1.7 log) was used. We observed 2 pattern of 
viral kinetics during the first 2 weeks of therapy, the decline in viral load between t=0 and t=l 
week (Delta log IU/mL 0-1) and between t=0 and t=2 weeks (Delta log RJ/mL 0-2). 
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Liver biopsy 
A liver biopsy was obtained from all patients less than 2 years before the start of the 
retreatment, except in one patient with haemophilia A. All patients had chronic hepatitis 
histologically. For this study the biopsies were classified as cirrhotic (Child Pugh A) or non-
cirrhotic. The one haemophiliac patient included in the study had oesophaeal varices and was 
classified as having cirrhosis. 

Statistical analysis 
All results are presented for patients receiving at least one dose of study medication. Patients 
who discontinued treatment, were considered to be virological non-responders. Given the 
small number of patients and observed deviations from normality, a non-parametric test was 
used for continuous variables (Mann-Whitney test). The chi-square test or the Fisher's exact 
test was used for categorical variables. Data analysis was conducted using the statistical 
package SPSS for Windows (version 9.0). Most tests of significance were two-tailed and a P-
value <0.05 was considered significant; if appropiate in case of available theory, a one-tailed 
test was performed. To decide upon predictors of ETR and SVR, confidence intervals of the 
positive predictive value (PPV) were calculated and subsequently compared with the prior 
probability of virological response. 
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Table 1 Pretreatment characteristics of 37 treated patients 

Male 
Female 

Age (years)* 

Weight (kg)* 

Mode of aquisition 

Bloodtransfusion/ Bloodproducts 

Intravenous drug use 

Unknown 

Mean duration of infection 

<10 years 

> 10 years 

Unknown 

ALAT (U/L)* 

Compensated Cirrhosis 

HCV genotype 

genotype 1 

genotype non-1 

Pretreatment HCV-RNA 
(106 IU/mL)* 

Cumulatieve IFN dose (MU)* 
during initial treatment 

Previous IFN/Ribavirin 

Drop-outs 

Treatment A n=27 

20 (74%) 

7 (26%) 

46.5±9.6 (26-69) 

77.8±12.5 (55.4-105.2) 

7 (26%) 

10(37%) 

10(37%) 

1 (4%) 

20 (74%) 

6 (22%) 

103.1±85.5 (31-343) 

6 (22%) 

8 (30%) 

19(70%) 

2.3±3.8 (0.02-13.6) 

387±154 (216-864) 

6 (22%) 

3 (11%) 

Treatment B n=10 

9 (90%) 
1 (10%) 

40.5±3.7 (34-48) 

76.0±12.4 (60.3-91.2) 

1 (10%) 

6 (60%) 

3 (30%) 

1 (10%) 

6 (60%) 

3 (30%) 

192.3±207.5 (24-556) 

2 (20%) 

1 (10%) 

9 (90%) 

2.0±2.9 (0.06-8.1) 

346±71 (250-432) 

0 

1 (10%) 
*Mean ± SD (min-max) 
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Results 

After the inclusion of 10 patients in treatment arm A and 10 patients in treatment arm B, the 
inclusion in treatment arm B was stopped with approval of the ethics commitee. All patients 
in treatment arm B had a viral load which was not detectable by quantitative HCV-RNA assay 
after the induction period of 2 weeks. However, all patients relapsed after stopping the IFN 
medication (9/10 at week 6 of treatment and 1/10 at week 8 of treatment), despite 
maintenance therapy with Riba and Ama. Of the 10 treated patients in treatment arm A, 8/10 
had HCV-RNA levels below 600 IU/mL (quant-PCR) after the 2 weeks induction and the 
same 8/10 patients were HCV-RNA negative by qual-PCR (50 IU/mL) at week 6 of 
treatment. We concluded that treatment B schedule was clearly not effective and that it was 
unethical to include more patients in this treatment arm. Therefore subsequent patients were 
entered into treatment arm A only. A total of 38 patients entered the study. One patient, 
randomized for treatment A, could not start the treatment, because of a low platelet count. 
Four patients (11%) discontinued treatment due to side effects, 3 in treatment arm A and 1 in 
treatment arm B. Intention-to-treat analysis was performed on 37 patients, 27 patients after 
treatment A and 10 patients after treatment B. The 4 patients who stopped treatment were 
considered to be non-responders. Pretreatment characteristics of the 37 enrolled patients are 
summarized in table 1. After randomization of 10 patients in each treatment arm, the only 
significant difference (p= .007) between the pretreatment characteristics was mean age, 51.0 
years for treatment A and 40.5 years for treatment B (not shown). 

Virological response 
As depicted in table 2 virological responses to therapy were evaluated at 5 different time 
points: At week 1 of therapy, at week 2 (end of induction), at week 6, at week 24 (end of 
treatment) and at week 48 (end of follow-up). 
After treatment A there was complete concordance between the qual-PCR- and the TMA-
negative test results at the end of follow-up. In table 3 virological responses of group A 
patients at week 24 and week 48 are shown 
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Table 2 Virological responses at various time points during therapy, at the end of 
therapy and at the end of follow-up are depicted for patients randomized for 
treatment A and treatment B. HCV-RNA was tested with quant-PCR and/or 
qual-PCR and/or TMA. 

Treatment 

Treatment A 
n=27§ 

Treatment B 
n=10§§ 

weekl 

quant-
PCR 

15/27 
(56%) 

7/10 
(70%) 

§ 3 patients dropped out. 
§§ 1 patient dropped out. 

week 2 

quant-
PCR 

qual-
PCR 

21/27 14/27 
(78%) (52%) 

9/10 6/10 
(90%) (60%) 

H C V - R N A negative 
N 

(%) 
week 8 

qual-
PCR 

TMA 

18/27 15/27 
(67%) (56%) 

1/10 1/10 
(10%) (10%) 

week 24 (ET) 

qual-
PCR 

TMA 

19/27 17/27 
(70%) (63%) 

0 0 

week 52 (EFU) 

qual-
PCR 

TMA 

12/27 12/27 
(44%) (44%) 

0 0 

Table 3 Virological responses at week 24 and at week 48 when tested with qual-PCR 
and TMA. Responses are defined as virological non response (VNR), end of 
treatment response (ETR), sustained virological response (SVR) and 
virological relapse (VR). 

Genotype 

Genotype 

non-1 

Genotype 1 

All patients 

Test 

qual-PCR 

TMA 

qual-PCR 

TMA 

qual-PCR 

TMA 

week 24 

VNR 

6/19 (32%) 

6/19(32%) 

2/8 (25%) 

4/8 (50%) 

8/27 (30%) 

10/27(37%) 

ETR 

13/19(68%) 

13/19(68%) 

6/8 (75%) 

4/8 (50%) 

19/27(70%) 

17/27(63%) 

week Ai 

SVR 

12/19(63%) 

12/19(63%) 

0/8 (0%) 

0/8 (0%) 

12/27(44%) 

12/27(44%) 

VR 

1/19(5%) 

1/19(5%) 

6/8 (75%) 

4/8 (50%) 

7/27 (26%) 

5/27(19%) 

27 patients treated with treatment A 
HCV-RNA negative n/total (%) 
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The ETR for all patients at week 24 was higher when measured using qual-PCR than TMA. 
The SVR rate at week 48 was the same using qual-PCR or TMA. Consequently, a higher rate 
of VR and lower rate of VNR are observed when tested in qual-PCR, whereas a lower rate of 
VR and a higher rate of VNR are observed when tested with TMA. These findings are 
attributable to the higher sensitivity of TMA. With the small number of patients the 2 tests did 
not differ significantly in identifying VR or VNR patients. 
The calculated RR for all patients treated with treatment A at week 28, 4 weeks after stopping 
the therapy, was 6/19 (32%) with qual-PCR, and 4/17 (24%) with TMA. The RR at the end of 
follow up was 7/19 (37%) with qual-PCR, and 5/17 (29%) with TMA. Except for one patient, 
all VR patients were already diagnosed by week 28. 
The virological responses of the 19 patients with genotype non-1, were VNR 32%, ETR 68%, 
SVR 63% and VR 5% as measured in qual-PCR as well as TMA. The calculated RR for 
genotype non-1 patients was at week 28 and at the end of follow up 1/13 (8%). In the 8 
patients with genotype 1, ETR was 75% with qual-PCR and 50% with TMA. The SVR was 
0/8 both with qual-PCR and TMA. The VR with qual-PCR was 75%, with TMA 50%. 
Twenty five percent of the patients were defined as having a VNR with qual-PCR, whereas 
50% of the patients were VNR patients when tested with TMA. The RR for genotype 1 
patients, at week 28 was 5/6 (83%) with qual-PCR, and 3/4 (60%) with TMA. The RR at the 
end of follow-up was 6/6 (100%) with qual-PCR and 4/4 (100%) with TMA. 
The 6 patients (3 geno non-1 and 3 geno 1) who had previously been treaten with IFN/Riba 
were all retreated with treatment A. ETR was 5/6 (83%) with qual-PCR and 3/6 (50%) with 
TMA. The SVR was 2/6 (33%) both with qual-PCR and TMA. VR was 3/6 (50%) with qual-
PCR and 1/6(17%) with TMA, 1/6 (33%) of the patients were defined as having a VNR with 
qual-PCR, whereas 3/6 (50%) were VNR patients when tested with TMA. The RR at week 28 
and at the end of follow-up was 3/5 (60%) with qual-PCR and 1/3 (33%) with TMA. 

Biochemical response 
In treatment group A 20/27 (74%) patients at week 24 and 15/27 (56%) at week 48 had 
normal ALAT values. At week 48 11/12 SVR patients and 4/15 VNR and VR patients had a 
sustained biochemical response. Eight patients in treatment group A had normal ALAT values 
before treatment; at week 48 6/8 still had normal ALAT values; in 2 patients ALAT values 
were elevated (52 and 150 U/L). Overall 11/15 (73%) patients with normal ALAT values at 
week 48 had a SVR. In the subgroup of 8 patients with normal ALAT values before treatment 
4/8 (50%) had a SVR. 
Four patients with treatment B had a normal ALAT level at the start of treatment, 3 of them 
had normal ALAT levels 6 months after the end of treatment, and 1 had an elevated ALAT 
level (52 U/l) at the end of follow up. None of the 6 patients with elevated ALAT levels at the 
start of treatment B had a sustained biochemical response. 

Viral Kinetics 
The mean viral load during the first 2 weeks of the 24 evaluable patients in treatment group A 
and the 9 evaluable patients in treatment group B are shown in figure 1. 
During the IFN induction period of 2 weeks the 2 treatment groups showed quite similar 
mean viral load decreases. 
The pattern of viral kinetics during the induction period showed a mean decrease of 3.0 log 
(range 1.3-5.0 log) during the first week of treatment A and a mean decrease of 2.9 log (range 
2.2-4.0 log) during the first week of treatment B. 
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After 2 weeks of induction the mean decrease was 3.5 log (range 1.7-5.4 log) on treatment A 
and the mean decrease was 3.7 log (range 2.2-5.2 log) on treatment B. 
According to genotypes the mean log decrease for genotype non-1 patients was 3.1 log (range 
1.7-5.0 log) and for genotype 1 patients 2.5 log (range 1.3-3.8 log) during week 1. 
Over the full induction period the mean log decrease for genotype non-1 patients was 3.7 log 
(range 2.2-5.2 log) and for genotype 1 patients 3.3 log (rangel.7-5.4 log). The difference 
between the mean viral load decline during week 1 and during the full induction period was 
not significantly different for both genotype groups. 
The mean log decrease in the 6 patients previously treated with IFN/Riba was during week 1 
2.5 log (range 1.3-3.7 log) and during the 2 weeks induction period, 3.1 log (range 2.3-4.5 
log). 

Figure 1 Mean log HCV-RNA IU/mL during induction therapy of 18 MU IFN daily for 
2 weeks in treatment group A (n=24) and treatment group B (n=9) patients. 
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Factors predicting virological response in treatment A patients. 
a) Before treatment. 
Patients with genotype non-1, had a significantly higher chance of achieving a SVR than 
those with genotype 1:12/16 (75%) versus 0/8 (0%) SVR respectively (p = .001). 
All other characteristics at baseline as mentioned in table 1 were not associated with SVR. 
b) During treatment. 
Predictors of ETR and SVR are summarized in table 4. For an ETR only a negative HCV-
RNA results with qual-PCR and TMA at week 6 was predictive. Patients had a 94% chance of 
achieving an ETR when the qual-PCR was negative at week 6 and a 100% chance of 
achieving an ETR when the TMA was negative at week 6. For a SVR, only a negative TMA 
test at week 6 was predictive. Patients had a 80% chance of achieving a SVR when the TMA 
at week 6 was negative. For genotype non-1 patients this chance was 92% (95% CI 64% -
100%). With a prior probability of SVR in this group of 75%, this result is nearly significant. 
All other determinants were not predictive for ETR or SVR. None of the other determinants 
listed in table 4 was predictive for a VR. 
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Table 4 Positive predictive values (PPV) for ETR and SVR 
during treatment A in 24 patients who completed this treatment. 

Characteristic 

Delta log 0-1 weeks >3 

Delta log 0-2 weeks >3 

HCV-RNA negative by qual-PCR at 2 

HCV-RNA negative by qual-PCR at 6 
weeks 

HCV-RNA negative by TMA at 6 weeks 

PPV 

0.85 

0.82 

0.93 

0.94 

1.00 

ETR 

95 % CI 
Prior probability 

0.55-0.98 

0.57-0.96 

0.66 - 0.99 

0.73 - 0.99 

0.78- 1.00 

0.71 
PPV 

0.62 

0.65 

0.71 

0.67 

0.80 

SVR 

95 % CI 
Prior probability 0.50 

0.32-0.86 

0.38-0.87 

0.42 - 0.92 

0.41 -0.87 

0.52-0.96 

Side effects 
All 37 patients completed the two-week high dose IFN induction phase. In none of them IFN 
dose reduction was necessary. In 3 patients the dose of Riba was reduced during the induction 
phase, 1 for extreme dryness of the skin and 2 due for nausea. Four patients dropped out of 
the study before completing the 6 months of therapy, 3 patients who were recieving treatment 
A, at week 6, week 4 and week 6, due to general fatigue, nausea and abdominal pain 
respectively, and one patient recieving treatment B, at week 4, due to anger-hostility. In 18/24 
(75%) patients on treatment A and 4/9 (44%) patients on treatment B the dose of Riba had to 
be reduced. The reasons for Riba dose reduction are indicated in table 5. In only 1 patient on 
treatment A the dose of IFN must be reduced due to flu-like symptoms. 

Table 5 Reasons for reducing dose of ribavirin 

Main reasons for reduction of ribavirin 
Treatment A Treatment B 
(n=24) (n=9) 

anemia 11 2 
dry skin 1 
rash 2 
itching 1 
nausea 4 

impaired concentration 1 

Total 18/24(75%)* 4/9(44%)* 

* Nonsignificant values 

The effect of treatment A and B on the hemoglobin level is shown in figure 2a. At week 6 and 
24 of treatment, the difference between the mean hemoglobin level during treatment A and B 
is not significant. As expected the hemoglobin level returned to pretreatment levels after 
stopping Riba medication in both schedules. The effect of both treatment schedules on the 
thrombocytes- and leukocytes counts is shown in figure 2b and 2c. 
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During the first week of the induction period the mean decline in thrombocytes was 35% for 
treatment A and 43% for treatment B. The mean decline in leukocytes during the first week 
was 45% for treatment A and 56% for treatment B. After the first week of treatment levels of 
both thrombocytes and leukocytes stabilized, and returned to pretreatment levels after 
stopping the IFN medication at week 2 in group B and after stopping the IFN medication at 
week 24 in group A. 

Figure 2 Mean hemoglobin value (Fig.2a), mean thrombocytes count (Fig. 2b) and mean 
leukocytes count (Fig. 2c) during 24 weeks of treatment and after 24 weeks of 
follow-up for patients in treatment groups A and B. 
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It-

Discussion 

It is clear that in VR patients, a high dose IFN-induction schedule of 2 weeks, combined with 
Riba and Ama and followed by the combination Riba and Ama without IFN, was insufficient 
to provoke an ETR and thus a S VR. Although 60% of the patients had undetectable levels of 
HCV-RNA by qual-PCR test after the 2-week IFN induction schedule, maintenance therapy 
of Riba and Ama could not prevent virological relapse in these patients shortly after the IFN 
medication was stopped. Obviously the previous described immunomodulatory effects of 
Riba (17) were not strong enough to promote clearance of infected hepatocytes and addition 
of Ama seemed to have no synergetic effect. 
Shiffman et al. made similar observations (18). They found in VR patients with no detectable 
HCV-RNA after a retreatment course of IFN/Riba for 6 months, that continuing therapy for 6 
months with Riba alone could not prevent a virological relapse. 
We found on the contrary, that in VR patients retreated with 2-week high dose induction IFN 
in combination with Riba and Ama, subsequently followed by maintenance IFN 6 MU tiw for 
22 weeks in combination with Riba and Ama, a SVR of 44% was achieved. Patients with 
genotype non-1 had a significantly higher SVR (63%), than patients with genotype 1 (0%). In 
two studies in which VR patients after IFN monotherapy were retreated with IFN/Riba 
combination therapy for 6 months, a SVR of 25-49% (genotype non-1 73-75% and genotype 
1 11-30%) was observed (7; 19). When VR patients after IFN monotherapy were retreated for 
12 months with IFN/Riba combination therapy a SVR of 43-67% (genotype non-1 44-83% 
and genotype 1 42-62%) was found (7;8). Di Marco et al. also retreated VR patients after IFN 
monotherapy with IFN/Riba combination therapy. A SVR of 36% was achieved in patients 
retreated for 6 months, wheras a SVR of 72% was achieved in patients retreated for 12 
months. Their conclusion was that patients with genotype lb and high levels of of HCV-RNA 
will benefit more from a prolonged therapy up to 12 months (20). Depending on the HCV-
RNA detection technique used, we found a virological relapse rate (RR) of 29% with TMA 
and of 37% with qual-PCR at the end of follow-up. For genotype non-1 patients a RR of 8%, 
both in TMA and qual-PCR was observed at the end of follow-up. For genotype 1 patients, 4 
weeks after stopping the treatment, the RR was 83% with qual-PCR and 60% with TMA, at 
the end of follow-up the RR was 100% both with qual-PCR and TMA. 
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The lower RR, observed with TMA, was also mentioned by Sarrazin et al. and is explained by 
the higher sensitivity of TMA which results in a lower ETR (21). In our study 2 patients had a 
virological relapse when tested with qual-PCR, but were defined as virological non-
responders when determined with TMA. 
Comparing our study with the above mentioned studies we do not observe a trend which 
indicates that a treatment schedule of high IFN induction and the addition of Ama provokes a 
higher SVR rate in this patient group. From our study, except for genotype non-1 patients 
none of the pretreatment characteristics were associated with achieving SVR. In the study of 
Davis et al. also genotype non-1 was a predictor of SVR in retreatment of VR patients. 
Different from our study they also found a low pretreatment viral load (< 106cop/mL) to be a 
predictor of SVR (19). In our study a negative HCV-RNA value in TMA at week 6 during 
treatment was, in genotype non-1 patients, a strong predictor for developing a SVR (92%). In 
contrast, genotype 1 patients with a negative TMA at week 6 had a SVR of 0%. In 
contradiction with the study of Zeuzem et al. (10) who observed that in treatment naive 
patients a >31og decline in viral load at week 4 after start of treatment was highly predictive 
for SVR, we did not observe such prediction. In our VR patients, considering delta log 
reduction at week 2, genotype non-1 patients and genotype 1 patients achieved a mean viral 
load decline of 3.7 log and 3.3 log respectively which was not predictive for SVR. VR 
patients are clearly a different population from treatment naive patients, who have their own 
markers for predicting SVR. 
Eighteen MU IFN daily for 14 days was remarkably well tolerated by our VR patients. A 
decline of almost 50% in thrombocytes and leukocytes count was observed during the first 
week of induction therapy with stabilisation of these levels during the second week. It is also 
remarkable that none of the patients needed an IFN dose reduction during the induction 
period, neither because of bone marrow depression, nor because of other side effects 
including flu like symptoms. In 3 patients the dose of Riba was reduced during the induction 
period, because of the worsening of an already existing very dry skin and because of nausea. 
Most patients had the subjective experience that the first 14 days of their second course of 
therapy was comparable with the start of their previous therapy. However, during maintance 
therapy dose reduction of the Riba medication was 75% in treatment A group and 44% in 
treatment group B patients. 
What will be the ideal therapy schedule for retreatment of VR patients after IFN monotherapy 
or IFN/Riba combination therapy? From our study it is clear that VR patients with genotype 
non-1 who are HCV-RNA negative in TMA 6 weeks after start of therapy will have a very 
high chance (92%) to achieve SVR. Since Peg-IFN has been introduced it is likely that VR 
patients with the above profile (genotype non-1, TMA negative at week 6) will develop a high 
rate of SVR when Peg-IFN is combined with Riba for 6 months. VR patients with genotype 1 
and TMA negative at week 6, should be treated longer with Peg-IFN/Riba because of the 
expected very high RR. Twelve months or longer may be the ideal treatment schedule for that 
patient group. It is unclear if IFN induction or the addition of Ama contributes to a higher 
SVR rate when Peg-IFN/Riba is used. Patients with a positive TMA at week 6 will have no or 
at the least a very low chance to achieve SVR and it is questionable if longer treatment is 
warranted in that patient group. 
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Summary 

Purpose: High dose interferon induction could play a role in hepatitis C virus eradication in 
patients who failed interferon mono- or interferon/ribavirin combination therapy. Our pilot 
study explored this approach with various treatment regimens. 
Methods: Thirty four chronic hepatitis C patients, 26 with a viral non-response after 
interferon-a therapy and 8 with a viral non-response after interferon-a/ribavirin therapy, 
received all interferon induction therapy during 2 weeks in a dosage of 18 MU daily, and 
interferon maintenance therapy during 22 weeks in a dosage of 6 MU three times a week. In a 
randomized fashion patients who had failed interferon therapy also received ribavirin (group 1 
n=9), amantadine (group 2 n=10) or ribavirin and amantadine (group 3 n=7). Patients who 
had failed interferon/ribavirin therapy were not randomized and received all ribavirin and 
amantadine (group 4 n=8). 
Results: Sustained viral response was achieved in 3/9 (33%) of group 1 patients, in 0/10 of 
group 2 patients , in 3/7 (43%) of group 3 patients and in none of group 4 patients. A viral 
load decline of less than 2.5 log, after the 2 week interferon induction period was predictive 
for a non-response in 90% of the patients. 
Conclusion: Six month interferon/ribavirin or interferon/ribavirin/amantadine therapy 
including very high dose interferon (18 MU daily) induction may result in a 30^40% 
sustained viral response.This pilot study demonstrates the importance of early viral kinetics 
for prediction of response. A viral load decline of less than 2.5 log after 2 weeks was 
predictive for a viral non-response in 90% of these patients. 
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Introduction 

Retreatment of chronic hepatitis C patients with a viral non-response (VNR) after interferon-a 
(IFN) monotherapy with standard dose IFN in combination with Ribavirin (Riba) during 6 
months is not very succesfull. Achieved sustained viral response (SVR) rates variing from 14-
18% (1;2). Higher IFN doses and longer treatment duration enhances the SVR rate (28%), but 
also side effects (3). Nevertheless, a majority of VNR patients fail to achieve a SVR after a 
retreatment course. In the search for new treatment options for VNR patients high dose IFN 
induction schedules were introduced. These schedules were based on the IFN dose dependent 
initial viral responses in difficult to treat HCV patients (4;5). Recently we reported the 
outcome of an IFN retreatment course of 24 weeks including a 18 MU daily IFN induction 
treatment schedule for 2 weeks in combination with Riba and Amantadine (Ama) in patients 
with a previous virological relapse (VR). After the induction period 52% of the patients were 
HCV-RNA negative by qualitive PCR testing and 44% of the patients achieved a SVR. 
However, neither viral load decline during induction, nor HCV-RNA negativity after the 
induction period was predictive for a SVR in these patients (6). Because VNR patients are a 
different population from VR patients, our aim in this pilot study was to evaluate the efficacy 
of 24 weeks IFN retreatment with the same 18 MU IFN induction dose for 2 weeks, combined 
with Riba and/or Ama in VNR patients to previous IFN monotherapy or IFN/Riba 
combination therapy. Furthermore, early viral kinetics during the induction period was 
studied to establish if viral decline was a predictor of response or non-response. 

Methods 

Study design 
This study was designed as a randomized open labelled pilot study for retreatment of chronic 
hepatitis C patients with a VNR to previous IFN monotherapy and a VNR to IFN/Riba 
combination therapy. The study was approved by an institutional ethics commitee. All eligible 
patients received IFN (Roferon-A, Roche) 6 MU every 8 hours for 2 weeks induction therapy 
and 6 MU IFN thrice weekly (tiw) maintenance therapy for 22 weeks. In a randomized 
fashion patients with a VNR to IFN monotherapy received in addition Riba 1000-1200 mg per 
day (group 1), Ama 100 mg per day (group 2) or the combination Riba 1000-1200 mg and 
Ama 100 mg per day (group 3) during 24 weeks. Patients with a VNR to IFN/Riba 
combination therapy were not randomized and received all Riba/Ama combination (group 4). 
After the 24 weeks treatment period there was a follow-up period of 24 weeks in all groups. 

Definition of VNR patients 
Chronic HCV patients with a VNR after IFN monotherapy were defined as having had an 
initial treatment of IFN of at least 200 million units (MU) without loss of HCV-RNA. Chronic 
HCV patients with a VNR after IFN/Riba combination therapy were defined as having had an 
initial treatment of IFN of at least 200 MU in combination with Riba (1200-1000 mg daily) of 
at least 4 months (range 4-18) without loss of HCV-RNA. 
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Patient selection 
Patients were eligible for inclusion when they fullfilled the following criteria: HCV-RNA 
positive by qualitative PCR, a treatment free interval of at least 24 weeks after initial antiviral 
therapy, age between 18 and 75 years and a signed informed consent form. Exclusion criteria 
were: pregnancy or not willing to practise adequate contraception during treatment and up to 
6 months thereafter, HBsAg or HIV antibody positive, decompensated liver cirrhosis, history 
of alcohol or drug abuse within 6 months prior to study entry, severe mental depression or 
other major psychiatric illness, any significant systemic disease other than liver disease, pre
existing bone marrow depression, a history of auto-immune hepatitis, a history of seizure or 
other significant CNS dysfunction. 
A normal alanine amino transferase (ALAT) level at the beginning of therapy was not an 
exclusion criterium. 

Patient monitoring 
Patients were examined at least 2 weeks before the start of the study, the day the study 
medication started, and 1 and 2 weeks after initiation of IFN induction. Daily telephone 
contact with the medical trial coordinator was offered and when uncommon side effects were 
mentioned, patients were seen more frequently. After completion of the induction period the 
patients were seen every 2 weeks until week 8, and every 2 months until end of treatment 
(ET) (week 24). In the follow-up period patients were seen 4 weeks after stopping the study 
medication (week 28) and at the end of follow-up (EFU) (week 48). At each visit, a medical 
history, a physical examination and routine blood tests were performed. Before the start of the 
study, at week 24 and 48, sera were tested for autoantibodies and thyroid-stimulating 
hormone (TSH). When side effects occurred, the IFN and /or Riba dose was reduced or 
discontinued depending on the progression and seriousness of the side effects. If appropriate 
the dose of Riba was reduced in steps of 200 mg, or IFN reduced to half dose and maintained 
at this dose, if tolerated, until the end of the treatment period. Samples for HCV-RNA 
measurements were taken at every visit and stored at -70°C. 

Detection of HCV-RNA 
Qualitative HCV-RNA measurements were performed with a Cobas Amplicor HCV 2.0 test 
(qual-PCR), lower limit of detection 50 IU/mL (Roche Diagnostic Systems INC., Branchburg 
NJ, USA) and by Transcription Mediated Amplification (TMA), lower limit of detection 5 
IU/mL (Bayer, Berkely, CA, USA). 
Quantitative HCV-RNA measurements were performed with the HCV 3.0 bDNA assay 
(quant-bDNA), lower limit of detection 615 IU/mL (Bayer Versant ™ HCV 3.0 assay, 
Berkeley, CA, USA). HCV genotype was determined by direct sequencing using the 
TruGene™ Genotyping assay and the OpenGene™ automated DNA sequencing system 
(Visible Genetics Inc., Toronto, Canada). All tests were performed according to the 
manufacturer's manual. The Cobas Amplicor HCV 2.0 test was used on all pre-treatment 
plasma samples and samples at week 0, 2, 6, 24 and 48. The week 6, 24 and 48 samples with 
a negative qual-PCR outcome were retested in TMA. The quant-bDNA was used on the 
plasma samples obtained at week 0, 1 and 2. 
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Definition of response 
The main endpoint of this study was S VR at the end of follow-up (EFU). S VR was defined as 
non-detectable HCV-RNA by TMA at EFU (48 weeks). The end of treatment response (ETR) 
was defined as non-detectable HCV-RNA at week 24 by TMA. Virological relapse (VR) was 
defined as non-detectable HCV-RNA at the end of treatment (24 weeks) by TMA but 
recurrence of detectable HCV-RNA within 6 months after cessation of treatment (48 weeks). 
All other patients were classified as having a virological non-response (VNR). A sustained 
biochemical response was defined as a normal ALAT value (< 45 U/L) at ET and lasting at 
least 6 months thereafter. 

Viral kinetics 
Quantitative HCV-RNA measurements, performed at the beginning of treatment (t=0), after 1 
week of treatment (t=l) and after 2 weeks of treatment (t=2) were log transformed. A value of 
615 IU/mL (2.8 log) was used when samples were negative in the quant-bDNA. When at 
week 2 the quant-bDNA had a value of <615 nj/mL, a qual-PCR was performed. If the qual-
PCR had a negative outcome, a value of 50 IU/mL (1.7 log) was used. The decline in viral 
load between t=0 and t=l week and between t=0 and t=2 weeks was measured. 

Liver biopsy 
When no liver biopsy was available 2 years before the start of the retreatment, a liver biopsy 
was obtained, except in 2 patients with haemophilia A. All patients had histologically proven 
chronic hepatitis and were classified as cirrhotic or non-cirrhotic for this study. The 2 
haemophiliac patients had no signs of cirrhosis on ultrasound and were classified as non-
cirrhotic. 

Statistical analysis 
All patients who received at least one dose of study medication became subject of outcome 
analysis (Intention to treat). Patients who discontinued treatment were considered to be NR 
patients. Data analysis was conducted using the statistical package SPSS for Windows 
(version 9.0). Univariate analysis was performed using the Mann-Whitney test for rank 
ordered data. The chi-square test or the Fisher's exact test was used for categorical variables. 
All tests of significance were two-tailed and a P-value <0.05 or O.025 in case of multiple 
testing, was considered significant. Confidence intervals of predictive values were calculated 
and subsequently compared with the prior probability of virological response, to define 
predictors of SVR and VNR. 

Results 

A total of 40 patients were included in the study. Eleven were randomized into group 1,11 
into group 2 and 10 into group 3. Eight patients were included in group 4. Six patients 
discontinued participation in the study before treatment was started: 2 had been randomized 
for treatment 1, 1 for treatment 2 and 3 for treatment 3. The reason that these patients did not 
participate in the study was that they had little confidence in the outcome of their second 
treatment. Four patients (12%) discontinued treatment due to side effects, 1 during treatment 
2 and 3 during treatment 4, all because of psychological problems. The intention-to-treat 
analysis was performed on 34 patients, 9 patients in group 1, 10 patients in group 2, 7 patients 
in group 3 and 8 patients in group 4. 
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The 4 patients who stopped treatment were considered to have developed a VNR. 
Pretreatment characteristics of the 34 enrolled patients are summarized in table 1. 

Table 1 Pretreatment characteristics of 34 treated patients. 

Male 

Female 

Age (years)* 

Weight (kg)* 

ALAT (U/L)* 
Compensated 
Cirrhosis 
Cumulatieve IFN 
dose (MU)* 
during initial 
treatment 

Mode of 
aquisition 

Bloodproducts/ 
Bloodtransfusion 
Intravenous drug 

Unknown 
Mean duration of 
infection 

> l Oyears 

<10 years 

Unknown 

HCV 

genotype l 

genotype 3 

genotype 4 

genotype 5 
Pretreatment 
HCV-RNA 
(106 IU/mL)* 

Group 1 
IFN/Riba 
(n=9) 

7 

2 

39 (28-58) 

94(62-111) 

92(35-345) 

2 

252(216-648) 

2 

5 

2 

7 

1 

1 

7 

1 

1 

-

0.4(0.1-8.3) 

Initial 
IFN-monotherapy 

Group 2 
IFN/Ama 
(n=10) 

8 

2 

43 (35-49) 

79(58-126) 

76(47-188) 

3 

216(216-780) 

4 

6 

6 

2 

2 

5 

1 

3 

1 

1.8(0.1-52) 

Group 3 
IFN/Riba/Ama 
(n=7) 

5 

2 

41(25-53) 

79(57-93) 

125(78-275) 

1 

300(216-504) 

2 

3 

2 

5 

1 

1 

6 

1 

-
-

0.7(0.1-2.5) 

Initial 
IFN/Riba 
therapy 

Group 4 
IFN/Riba/Ama 
(n=8) 
7 

1 

46(21-57) 

79(56-101) 

102(52-409) 

2 

468 (288-648) 

3 

1 

4 

8 

-

-

6 

-
2 

-

1.5(0.6-5.2) 

'Median (min-max) 
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Virological response 
As depicted in table 2 in group 1 (IFN/Riba) 3/9 (33%), in group 2 (IFN/Ama) 0/10, in group 
3 (IFN/Riba/Ama) 3/7 (43%) patients developed a SVR. None of the group 4 patients 
(IFN/Riba/Ama) achieved an ETR and thus a SVR. 

Table 2 Intention to treat virological responses at week 1, week 2 and week 6 during 
therapy, at the end of therapy (ET) and at the end of follow-up (EFU). HCV-
RNA was tested with quant-bDNA, qual-PCR and TMA. 
Patients of group 1, 2 and 3 were non-responders to previous IFN monotherapy 
and were randomized. Patients of group 4 had a non-response to IFN/Riba 
combination and were not randomized. 

Treatment 
schedule 

Group 1 
IFN/Riba 
(n=9) 

Group 2 
IFN/Ama 
(n=101 ) 

Group 3 
IFN/Riba/Ama 
(n=7) 

Group 4 
IFN/Riba/Ama 
(n=8ÏÏ ) 

weekl week 2 week 6 week 24 (ET) week 48 (EFU) 

quant-
bDNA 

quant-
bDNA 

qual-
PCR 

TMA TMA TMA 

2/9 

2/10 

2/7 

5/9 

4/10 

3/7 

1/8 

1/10 

2/7 

2/9 
(geno 3,4) 

1/10 
(geno 4) 

2/7 
(geno 1,3) 

4/9 
(geno 1,1,3,4) 

2/10 
(geno 4,5) 

3/7 
(geno 1,1,3) 

3/9 
(geno 1,3,4) 

0 

3/7 
(geno 1,1,3) 

HCV-RNA negative [n/total] 
] 1 patient dropped out 
f ] 3 patients dropped out 

Biochemical response 
One of the 9 patients included in group 1 had a normal ALAT value at the beginning of 
treatment and this value remained normal till the end of the follow up period, despite a 
virological relapse. Three of the 8 patients with an elevated ALAT at the start of therapy in 
group 1 developed sustained biochemical response and a SVR. All 10 patients of group 2 had 
an elevated ALAT level at the beginning of therapy, 1/10 developed a biochemical sustained 
response, but no SVR. None of the 7 patients of group 3 had a normal ALAT level at the start 
of treatment, 5/7 achieved a biochemical sustained response, including the 3 patients with a 
SVR. None of the patients of group 4 had a normal ALAT level at the beginning of therapy, 
and none developed a biochemical or viral sustained response. 

Viral kinetics 
In figure 1, the mean HCV-RNA viral load decline of the evaluable patients (n=30) of the 4 
treatment groups during induction is depicted. The viral load decline in group 1, 2 and 3 
patients tended to be larger than in group 4 patients, but this difference was not significant. 
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Figure 1 Mean log HCV-RNA IU/mL decline during induction therapy of 18 MU IFN 
daily for 2 weeks in the 4 treatment groups (n=30). 
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Markers for viral response in group I and 3 patients 
Before treatment 
The mean weight of the 6 SVR patients was 71 kg (range 57-108) versus 89 kg ( range 76-
111) of the 10 VNR/VR patients (p=0.02). No other baseline characteristics as mentioned in 
table 1 were associated with SVR. 
During treatment 
The mean log decline of HCV-RNA during induction of the 16 patients is depicted in figure 
2, according to their viral response at EFU. After 1 week of induction the mean viral load 
decline of the 6 SVR patients was 2.7 log (range 1.3- 4.1 log), the mean decrease in viral load 
of the 9 VNR patients after 1 week induction was 1.3 log (range 0.6- 2.0 log) (p=0.01). After 
2 weeks of induction these values were for SVR patients 3.3 log (range 2.1-4.1 log) and for 
VNR patients 1.7 log (range 0.6- 3.1 log) and this difference was highly significant (p= 
0.007). The one VR patient had a decline in viral load of 2.2 log after 1 week and 2.3 log 
after 2 weeks. Five of the 6 SVR patients achieved a > 2.5 log decline in viral load after 2 
weeks of induction therapy in contrast to 1/9 VNR patients. Patients with a decline in viral 
load of > 2.5 log after 2 weeks of retreatment had a 80% chance to achieve a SVR (95% CI 40 
-100%), with a prior probability of SVR in this group of 40%. 
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Patients with a decline in viral load of <2.5 log after 2 weeks of induction treatment had a 
chance of 90% to achieve a NR (95% CI 60 - 100%), with a prior probability of VNR in this 
group of 60% . 
A positive TMA test at week 6 of treatment was not predictive for a VNR, since 2/6 SVR 
patients were still TMA positive at week 6 of treatment. 

Figure 2 Mean log HCV-RNA IU/mL decline during 2 weeks induction therapy of 18 
MU IFN daily according to virological responses in group 1 and 3 patients 
(n=16). 
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Side effects 
All 34 patients completed the 2 week 18 MU IFN induction phase. In one patient of group 2 
dose reduction of IFN was necessary during the second week of induction due to a low 
thrombocyte count. None of the patients treated with Riba needed a Riba dose reduction 
during the induction phase. Four patients dropped out of the study before completing the 6 
months of therapy: One patient in group 2, at week 12, due to a depressive mood and 3 
patients in group 4 (at week 3, at week 8 and at week 9): One because of anger-hostility and 2 
because of a depressive mood due to disappointment of the absence of a viral load decline. In 
3/9 patients of group 1, 2/7 patients of group 3 and 2/5 patients in group 4, the dose of Riba 
had to be reduced after the induction phase. The reasons for Riba dose reduction were low 
hemoglobin level (3), persistent cough (2), general fatigue (1) and skin eruptions. In only 1 
patient of group 2 the dose of IFN had to be reduced at week 16, due to thrombocytopenia. 
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The effect of the 4 treatment schedules on the hemoglobin level is shown in figure 4a. At 
week 6 of treatment, the mean hemoglobin level of group 2 IFN and Ama (without Riba) and 
the other treatment groups (with Riba) was significantly higher (p < 0.05). The mean 
hemoglobin level at the end of treatment in group 1 (without Ama) was higher than the mean 
hemoglobin level of the patients in group 3 and 4 (with Ama). This difference was not 
significant. As expected the hemoglobin level returned to pretreatment levels after stopping 
the Riba medication in the 3 Riba containing treatment schedules. The effect on the 
thrombocytes and leukocytes counts is shown in figure 4b and 4c. During the first week of the 
induction period the mean decline in thrombocytes was 46% for group 1, 26% for group 2, 
42% for group 3 and 33% for group 4 patients. The mean decline in leukocytes during the 
first week was 53% for group 1, 48% for group 2, 49% for group 3 and 32% for group 4 
patients. After the first week of treatment levels of both thrombocytes and leukocytes 
stabilized and returned to pretreatment levels after stopping the medication. 

Figure 3 Mean hemoglobin value (Fig. 3a), mean thrombocytes count (Fig. 3b) and 
mean leukocytes count (Fig. 3c) during 24 weeks of treatment and after 24 
weeks of follow-up for patients in the 4 treatment groups (n=30). 
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Discussion 

This pilot study shows that only 24 weeks retreatment of VNR patients to previous IFN 
monotherapy, with IFN in combination with Riba or Riba/Ama including IFN high dose 
(18MU) induction for 14 days, resulted in a SVR of 33% and 43% respectively. No SVR was 
achieved when VNR patients were retreated with the same IFN schedule in combination with 
only Ama. Also no SVR was achieved when VNR patients after previous IFN/Riba 
combination therapy were retreated with the same IFN schedule in combination with 
Riba/Ama. Recently results of several VNR retreatment studies, including high dose IFN 
induction in combination with Riba, were presented. IFN induction doses were 10 MU daily, 
except in 1 study were 20 MU daily for 2 days was given. All treatment schedules were given 
longer than 24 weeks, variing from 36-48 weeks. In these studies the SVR rates (30-40%) 
were comparable with these of our study (7-9). In another VNR study 5 or 10 MU IFN 
induction for 14 days was compared with standard IFN for 38 weeks, all 3 treatment arms in 
combination with Riba. SVR rates in the 3 groups of patients were comparable, aproximately 
30%, indicating no additional value of IFN induction therapy (10). Although IFN induction 
may not increase SVR rates, it allows the early prediction of response or non-response within 
2 weeks, as shown in our study. The mean HCV-RNA viral load decline after the 2 week 
induction period was 3.3 log IU/mL in patients with a SVR and 1.7 log IU/mL in patients 
with a VNR, a highly significant difference. Despite the small number of patients in our study 
we found that after 2 weeks patients with a viral load decline of 2.5 log IU/mL or more had 
80% chance to achieve a SVR. Whereas declines of less than 2.5 log IU/mL was 90 % 
predictive for a non-response .These findings are in contrast with those observed in VR 
patients when retreated with the same treatment schedule. The mean log decrease in viral 
load, achieved in these patients after 2 weeks of induction was 3.5 log. However, this initial 
viral load decline during induction was not predictive for SVR or for VNR. On the other 
hand, TMA negativity at week 6 in VR patients was highly predictive for SVR, but not, as 
shown in this study, for VNR patients (6). It is clear that VNR and VR patients are different 
populations, with their own markers for response during treatment. In terms of side effects, 
frustration and costs, it is highly desirable to identify patients who most likely will not benefit 
from the treatment, as early as possible during therapy. It is generally accepted that nai've 
chronic hepatitis C patients can discontinue therapy when the viral load decline after 12 
weeks of therapy with Pegylated IFN and Ribavirin is less than 2 log (11). Berg et al. showed 
that, independent from the therapeutic regimen applied (IFN or Pegylated IFN with or without 
Riba), naive patients can discontinue treatment at 12 weeks when the absolute viral load was 
above 30,000 IU/mL (12). However, so far no published data are available on the initial viral 
load decline during high dose IFN induction in VNR patients and the predictive value of this 
decline in the outcome of therapy. This study indicates that in VNR patients viral decline after 
2 weeks high dose IFN induction can predict SVR or VNR. A stopping rule after 2 weeks is 
of great value for this difficult to treat patient group, preventing unnecessary side effects of an 
unsuccesfull therapy. 

As observed earlier in VR patients (6), the 18 MU IFN daily for 14 days was also well 
tolerated by VNR patients. None of them had to stop treatment during the induction phase. In 
only 1 patient (with cirrhosis) an IFN dose reduction during the induction period was 
necessary, due to a low thrombocytes count. In none of the patients the dose of Riba had to be 
reduced during this period. 
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A decline of a mean of 37% in thrombocytes count and a mean of 45% in leukocytes count 
was observed during the first week of induction therapy with stabilisation of these levels 
during the second week. 
At present no data are available yet of the efficacy of retreatment with Pegylated IFN (in 
standard dose or with high induction dose included) in combination with Riba in VNR 
patients. Several studies are ongoing. Whether non response could be predicted as early in the 
course of these new retreatment schedules remained to be seen. 
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Summary 

Needle stick accidents continue to be a hazard for healthcare workers. We report the 
development of acute hepatitis C infection in a physician after needle stick injury. Hepatitis C 
virus (HCV)-RNA, seroconversion and a raised plasma alanine aminotransferase (ALAT) 
level were found in plasma 3 months after the accident. Treatment with interferon-a and 
ribavirin was started. While the physician was on treatment, HCV-RNA test results from 
plasma taken the day the treatment was started became available. HCV-RNA was 
undetectable by quantitative bDNA assay, undetectable by qualitative polymerase chain 
reaction (PCR) and undetectable by transcription mediated amplification (TMA). A dilemma 
arose at this point: should the patient stop the treatment or continue the planned therapy? The 
physician decided to continue a 24 week course of treatment. Six months after the end of 
treatment, the physician was still HCV-RNA negative and with a normal plasma ALAT level. 
The rationale of the decision to continue therapy is discussed. This information maybe useful 
for clinicians confronted with a similar dilemma. 
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Introduction 

The overall rate of HCV transmission after a needlestick accident with hepatitis C virus 
(HCV) positive blood ranges from zero to about 10%. If an acute hepatitis C infection is 
established, only 15-40% of persons will clear the HCV-RNA spontaneous and thus a 
substantial number will become chronically infected (1). There have been several reports of 
acute hepatitis C infection after HCV contaminated needle stick injuries in healthcare workers 
(2-4). So far there is no effective method, (no post exposure prophylaxis, and no vaccin), to 
prevent HCV infection in anyone who experiences a HCV contaminated needle stick accident 
(5). A recent study showed that early treatment of acute HCV infection, with induction 
therapy of 5 MU interferon-a (IFN) daily for the first 4 weeks, followed by 5 MU IFN three 
times a week for another 20 weeks induced a sustained virological response (SVR) in 98% of 
patients, with the remarkable finding that the response to treatment was not influenced by the 
viral genotype (6). In the treatment of chronic hepatitis C infection, only genotype 2 and 3 
patients achieve a SVR of 80% after 1 year of treatment with Peg-IFN and ribavirin, whereas 
about 40% of patients with genotype 1 and 4 will achieve a SVR (7). We report a case of an 
acute HCV infection following a needle stick injury in a physician who decided to give 
himself maximal chances to clear the virus. 

Case report 

A 28 year-old physician sustained a needle stick injury on 27 February 2000 with a needle 
contaminated by blood from a 49 year-old, HIV negative, haemophilia patient. This patient 
was chronically infected with HCV and had never received antiviral treatment. He was 
infected with HCV genotype la (TruGene™ HCV Genotyping Assay, Visible Genetics Inc., 
Toronto, Canada) and had a viral load of 7 x 105 IU/mL (VERSANT™ bDNA 3.0 assay 
[linear range 520-8.3 x 106 IU/mL], Bayer Diagnostics, Berkeley, CA) in a blood sample 
drawn at the time of the accident. While the physician, who sustained the needle stick injury, 
had a normal plasma ALAT level (upper limit of normal (ULN) 45 U/L) and his plasma was 
negative for antibodies to HCV (third generation assay EIA 3.0, Abbott Laboratories, 
Chicago, 111) and negative for HCV-RNA (HCV 2.0 qualitative test [lower detection limit 50 
IU/mL], Roche Molecular Systems, Branchburg, NJ). Approximately 1.5 months after 
sustaining the needle stick injury, he had noticed jaundice just for one day and he had 
experienced a very short period of fatigue, but due to workload he had ignored the symptoms. 
Another 1.5 months later on June the 5th of 2000, a next blood sample drawn from the 
physician (according to the needle stick injury protocol in our hospital) was positive for 
qualitative HCV-RNA, (genotype la) and antibodies to HCV. The HCV-RNA load in this 
sample was below the detection limit of the bDNA 3.0 assay (< 520 IU/mL) and the plasma 
ALAT level was normal. The following blood sample drawn on June the 19th contained an 
HCV-RNA viral load of 5.1 x 104 IU/mL (by bDNA) and the plasma ALAT level was now 93 
U/L. He was asymptomatic at that time. After deliberation the physician opted for therapy and 
treatment started on the 10l of July, 4.5 months after the needle stick. The treatment regimen 
was a one week induction course of IFN 3 MU sc. 3 times daily in combination with 1200 mg 
ribavirin daily, followed by IFN 3 MU 3 times per week in combination with 1200 mg 
ribavirin per day for subsequent 23 weeks. At the start of the induction period the ALAT level 
was normal. At the end of this period the ALAT level was just above the ULN. 
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Shortly hereafter the result of the analysis of a blood sample drawn at the start of the 
induction treatment became available and showed that HCV-RNA was undetectable by 
bDNA and qualitative PCR. When retested with TMA (VERSANT™ TMA assay [lower 
detection limit 50 IU/mL], Bayer Diagnostics, Berkeley, CA), HCV-RNA was also not 
detectable. Despite these findings the physician decided to complete the 24 week treatment 
schedule to maximize the chance of inducing a sustained virological response and hence, 
preventing a chronic HCV infection. The plasma ALAT level normalized during the second 
week of treatment and remained normal throughout the remainder of the treatment period and 
during the entire follow-up period of 6 months. HCV-RNA remained undetectable during 
treatment, at the end of the treatment and at the end of follow-up. Antibodies to HCV 
decreased by EIA 3.0 during this period. Results of the recombinant immuno blot 
confirmatory test (SIA, RIBA 3.0, Chiron Corp., Emeryville, CA) were positive for NS3 and 
NS4 throughout this period, decreased for NS5, but remained negative for antibody responses 
to Core. During the induction treatment the patient experienced muscle pain and a short 
period of fever. At the end of the induction week the physician had general malaise and 
experienced difficulties in doing his routine work in hospital wards. After the reduction of the 
IFN schedule to three times a week, treatment was well tolerated, only a slight fall in 
haemoglobin level was noticed and he lost no time from work. The physician was, however, 
aware of an increasingly depressive mood during treatment. 

Discussion 

Approximately four and a half months after a needle stick injury a physician started treatment 
for an acute hepatitis C infection. The decision for treatment was based on a rising HCV-RNA 
viral load, from <520 to 5.1 x 104 IU/mL (genotype la) and a rising ALAT level to 93 U/L 
within a period of 2 weeks. While on treatment, he was confronted with the situation that the 
HCV-RNA was undetectable by TMA (5 IU/ml), the day the treatment started. So what to do? 
Stop the treatment because apparently the infection was already spontaneously resolving and 
avoid the potentially adverse effects and spare the costs of the combination therapy. Or 
continue the medication as scheduled. 
In favor of continuing therapy was the fact that in the first months of infection HCV-RNA 
levels may fluctuate considerably and HCV-RNA may be even undetectable at some time 
point (8;9). Thus, one negative HCV-RNA test does not exclude an ongoing infection. 
However, the patients in the above mentioned studies were all tested with quantitative assays 
with a cut-off much above the 5 IU/mL of the TMA test. As the physician wanted to have the 
maximum chances in preventing the development of a genotype 1 chronic hepatitis C 
infection, he decided to continue the medication. Till now he is HCV-RNA negative by TMA 
test. 
We have changed our policy since this case report. As HCV-RNA can become detectable 7 to 
21 days after exposure (10), we decided that 2 weekly blood samples must be obtained 
following a known HCV contaminated needle stick injury, and tested with a TMA test for 
HCV-RNA at least during the first 3 months after the injury. We advice to start antiviral 
therapy for 24 weeks immediately after HCV-RNA is detected. In view of the results obtained 
by Jaeckel et al. with IFN monotherapy (6), the choice is PEG-Interferon monotherapy. 
Every healthcare worker must have the maiximal chance to clear the hepatitis C virus as soon 
as possible, with a wait and see policy for a couple of months, they will become a victim of 
calculation of probabilities. 
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Chapter 10 

In this thesis various, on interferon based, treatment schedules for HCV patients are 
described. It also points out the possibility of serious side effects of treatment. 

Chapter 1 (general introduction) summarizes the current knowledge of the hepatitis C virus 
and gives an overview of therapy development since its introduction. 

In chapter 3 the efficacy of 6 and 36 month treatment with interferon-alpha for chronic 
hepatitis C patients is described. The sustained virological response was 13% after 6 months 
(standard) and 40% after 36 months (long-term) of treatment. Especially in patients with a 
virological breakthrough or relapse after standard treatment, long-term (re)-treatment was 
effective. In patients with a virological non-response during standard treatment, long-term 
prolonged treatment was not effective. Non-treated control patients showed a stable viral load 
during the observation period and no spontaneous clearance of HCV. 

Chapter 4 shows the results of 6 month standard treatment with interferon/ribavirin 
combination therapy and interferon monotherapy. Sustained viral response was achieved in 
45% patients after interferon/ribavirin therapy and in 10% patients after interferon 
monotherapy. A 100% negative predictive value for sustained viral response could be 
established before the start of therapy for patients aged > 40 years and treated with interferon 
monotherapy. A 100% negative predictive value for sustained viral response was also found 
for patients treated with interferon monotherapy without a viral load decrease of > log 1 
IU/mL at week 2 of treatment. For patients treated with interferon/ribavirin combination 
therapy this negative predictive value was 97% when there was no viral load decrease of > log 
1 IU/mL at week 2 of treatment. 

While 15 months on treatment with interferon-alpha/ribavirin combination, a chronic hepatitis 
C patient develops symptoms of myasthenia gravis, a neuromuscular disorder of autoimmune 
origin. Development of myasthenia gravis has been reported in 3 patients treated with 
interferon monotherapy but no cases of myasthenia gravis has been reported in patients 
treated with the combination therapy. This issue has been exposed in chapter 5. 

In chapter 6 high dose interferon induction treatment is evaluated. Thirteen treatment nai've 
chronic hepatitis C patients received 6 million units of interferon every 8 hours for 2 weeks. 
Hepatitis C virus RNA levels were determined daily during treatment. Since a 3 log viral load 
decline early during treatment is an important prognostic factor for sustained virological 
response, the time interval for a 3 log decline for patients in this study was calculated. In 
patients infected with genotype non - 1 , a 3 log decline of viral load was found 2.4 days after 
start of induction therapy. Only one of three patients infected with genotype 1 had a 3 log 
decline during treatment. At the end of the 2 week treatment period 54% of patients were 
hepatitis C virus RNA negative. However, only one patient achieved a sustained virological 
response. All other virological responders at the end of the treatment had a virological relapse. 

The same interferon high dose induction schedule for 2 weeks in combination with ribavirin 
and amantadine (another broad spectrum anti-viral drug) was the treatment given to 
virological relapse patients of which the results are been described in chapter 7. 
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When treatment was continued for 22 weeks with standard interferon in combination with 
ribavirin and amantadine, 44% achieved a sustained virological response and 29% of the 
patients with an end of treatment virological response had again a virological relapse. Of all 
pretreatment characteristics only genotype non-1 patients had a significantly higher chance of 
achieving a sustained virological response. Of the characteristics during treatment only a 
negative result in transcription mediated amplification test (TMA) at week 6 had a high 
predictive value for sustained virological response, 80% in all patients and 92% in genotype 
non-1 patients. When treatment was continued for 22 weeks with ribavirin and amantadine 
alone, no end of treatment virological response was observed. Although 60% of the patients 
had undetectable levels of hepatitis C virus HCV-RNA by PCR test after the 2-week 
induction schedule, maintenance therapy of ribavirin and amantadine alone could not prevent 
virological relapse in these patients shortly after the interferon medication was stopped. 

In chapter 8 the same high dose interferon induction therapy of 2 weeks is again evaluated. 
Retreatment of non-responding patients to previous interferon monotherapy for 24 weeks, 
with interferon in combination with ribavirin or ribavirin/amantadine including this high dose 
interferon schedule, resulted in a sustained virological response of 33% and 43% respectively. 
After 2 weeks induction therapy, patients with a viral load decline of 2.5 log IU/mL or more 
had 80% chance to achieve a sustained virological response. Whereas a decline of less than 
2.5 log IU/mL was predictive for a non-response in 90 % of the patients. 

How to act when a needle stick injury infected a health care worker with the hepatitis C virus? 
The solution is been given in chapter 9. 
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Chapter 10 

Dit proefschrift gaat over het zoeken naar betere behandelingsmogelijkheden voor patiënten 
met een chronische hepatitis C-virusinfectie (chronische leverontsteking ten gevolge van 
besmetting met het hepatitis C-virus). 
Hoofdstuk 1 is een algemene inleiding over het hepatitis C-virus, over het natuurlijke beloop 
van de ziekte die het kan veroorzaken en over de behandelingen van de ziekte die wereldwijd 
zijn ontwikkeld sinds de ontdekking van het virus in 1989. Het hepatitis C-virus wordt van 
mens op mens overgedragen door intensief bloed-bloed contact. In het verleden betrof het 
voornamelijk de transfusie van bloed of bloedproducten en het gebruik van niet goed 
gesteriliseerde naalden bij de toediening van medicijnen. Sinds in de westerse wereld vanaf 
1990 al het donorbloed op het voorkomen van het hepatitis C-virus wordt getest, komt deze 
vorm van hepatitis C-besmetting bij ons echter niet meer voor. Wegwerpnaalden zijn in onze 
streken een zodanig gewoon verschijnsel geworden dat we er niet eens meer over nadenken, 
maar in de ontwikkelingslanden is dat zeker niet het geval. Ten gevolge van niet goed 
gesteriliseerde naalden vinden er daar jaarlijks zeker 2-4 miljoen hepatitis C-virus 
besmettingen plaats. In de westerse wereld zijn het vooral drugsgebruikers die nu nog door 
middel van niet steriele naalden of rietjes een hepatitis C-besmetting oplopen. Ook 
gezondheidszorgmedewerkers die zich per ongeluk prikken aan met hepatitis C-virus 
besmette naalden of mesjes lopen een risico. Seksuele overdracht van het virus kan plaats 
vinden, maar de kans op een besmetting is heel klein en afhankelijk van de seksuele relatie. 
Hoe meer verschillende partners en hoe "bizarder" de seks, des te groter het risico. 

Geschat wordt dat op dit moment 170 miljoen mensen in de wereld besmet zijn met het 
hepatitis C-virus en dat ongeveer 75% hiervan een chronische leverontsteking heeft. Veel 
mensen weten echter niet dat ze een leverontsteking hebben, omdat ze geen klachten hebben. 
Zijn er wel klachten dan bestaan die voornamelijk uit vermoeidheid. Toch spreken we van een 
groot gezondheidsprobleem, omdat een chronische hepatitis C-infectie "stilletjes" aanleiding 
kan geven tot de vorming van bindweefsel in de lever, wat uiteindelijk tot een levercirrhose 
kan leiden. En een levercirrhose kan weer aanleiding geven tot ernstige complicaties, zoals 
hoge bloeddruk in de bloedvaten van de buik als gevolg van een slechte bloeddoorstroming 
door de cirrhotische lever met kans op ernstige bloedingen uit de slokdarmvaten, en 
verwardheid als gevolg van een verminderde ontgiftende werking van de zieke lever. 
Bovendien kan in een cirrhotische lever ten gevolge van een chronische hepatitis C-infectie, 
leverkanker ontstaan. Op de lange termijn heeft een levercirrhose een slechte prognose tenzij 
een levertransplantatie kan worden ondergaan. 

Gelukkig is het zo dat niet iedereen met een chronische hepatitis C infectie een levercirrhose 
krijgt en niet iedereen met levercirrhose, leverkanker. Ook ontstaat er niet bij iedereen met 
een chronische hepatitis C-infectie bindweefsel in de lever. Factoren waarvan we weten dat ze 
de bindweefselvorming kunnen versnellen, zijn: op oudere leeftijd besmet raken, 'man zijn' 
en het drinken van alcohol en daarmee gepaard gaande ziektes. We kunnen echter nog steeds 
niet voorspellen welke chronische hepatitis C-patiênt bindweefselvorming in de lever krijgt 
en ook niet of, als er al sprake is van bindweefselvorming, er een langzame toename dan wel 
een snelle toename van de hoeveelheid bindweefsel in de loop der jaren zal plaats vinden. 
Toen eenmaal duidelijk werd dat een chronische hepatitis C-infectie geen onschuldige 
aandoening is, ontstond de noodzaak om in te grijpen in het ziekteproces door te proberen het 
hepatitis C-virus uit het lichaam van de patiënt te verwijderen. 
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In 1991 werd het medicijn interferon geregistreerd: 3x per week 3 miljoen eenheden, 
toegediend per injectie in de huid. Interferon is een eiwit dat in staat is het afweersysteem in 
het lichaam harder te laten werken, zodanig dat de strijd die het lichaam van nature aanbindt 
tegen het hepatitis C-virus intensiever kan worden. In die beginperiode kon door een 
behandeling met interferon gedurende 6 maanden bereikt worden dat het hepatitis C-virus bij 
ongeveer 8% van de chronische hepatitis C-patiënten blijvend verdween. Werd de 
behandeling gedurende een jaar voortgezet, dan werd ongeveer 12% van de patiënten 
virusvrij. Niet een echt succesvolle behandeling dus, zeker niet als rekening wordt gehouden 
met de vele bijwerkingen die het medicijn interferon kan hebben. Griepachtige verschijnselen 
gedurende de eerste vier weken van de behandeling, vermoeidheidsklachten, depressie, 
geïrriteerdheid, emotionele labiliteit, duizeligheid, verminderde eetlust, misselijkheid, braken, 
gewichtsverlies, haaruitval, jeuk, stoornissen in de schildklierfunctie en andere auto-immuun 
stoornissen, behoren tot die mogelijke bijwerkingen. Gezocht werd daarom naar een 
behandeling met betere resultaten. Die werd gevonden. 

Ribavirine, een medicijn tegen diverse virussen, was wanneer het in combinatie met 
interferon werd toegediend^ in staat om bij 30% van de patiënten het virus blijvend te laten 
verdwijnen als deze behandeling gedurende een halfjaar werd toegepast. Bij behandeling 
gedurende een jaar was de slagingskans 40%. Ribavirine kent ook bijwerkingen. De 
voornaamste hiervan is een dosisafhankelijke bloedarmoede. 
De betere behandelingsresultaten door deze combinatietherapie waren vooral te danken aan 
het feit dat de toevoeging van ribavirine een terugkeer van het virus na het stoppen van de 
behandeling - de zogenaamde 'relapse' - fors vermindert. Bovendien werd er in deze periode 
een andere belangrijke therapie-ontdekking gedaan. Het hepatitis C-virus kent namelijk 6 
verschillende uitingsvormen (genotypes). De genotypes 1, 2 en 3 komen in Nederland het 
meeste voor. Het bleek dat als patiënten met het genotype 1 een halfjaar behandeld werden 
met de combinatie ribavirine en interferon er slechts ongeveer 20% virusvrij werd. Werden zij 
gedurende eenjaar behandeld, dan liep dit percentage op naar 30%. Genotype 2 en 3 patiënten 
hadden echter een kans van 65% om het virus kwijt te raken, of ze nu gedurende een halfjaar 
of een heel jaar werden behandeld met de combinatietherapie. Hierdoor kon de 
behandelingsduur voor patiënten met genotype 2 en 3 met een halfjaar worden bekort en 
konden onnodige bijwerkingen worden vermeden. Voor genotype 1 patiënten bleef de 
optimale behandelingsduur 1 jaar. 

Sinds het begin van deze eeuw zijn de behandelingsresultaten opnieuw verbeterd door de 
introductie van een nieuwe vorm van interferon. Door koppeling van interferon aan 
polyethyleen-glycol (PEG-interferon) wordt interferon minder snel door de nieren 
uitgescheiden en is de virus onderdrukkende werking sterker. Een groot bijkomend voordeel 
van deze PEG-interferon is dat het maar lx per week behoeft te worden ingespoten. Genotype 
2 en 3 patiënten hebben nu een kans van zeker 80% om het virus blijvend kwijt te raken als ze 
een halfjaar met de combinatie ribavirine-PEG-interferon behandeld worden. Bij genotype 1 
patiënten is de kans van slagen na een jaar behandeling met dezelfde combinatie nu ongeveer 
50% 
Het is wel duidelijk dat de behandeling van chronische hepatitis C-patiënten, sinds het begin 
ervan in 1991, een snelle ontwikkeling heeft doorgemaakt. Voor genotype 2 en 3 patiënten is 
het een bijna te genezen ziekte geworden 
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De goede behandelingsuitkomsten gelden echter uitsluitend voor patiënten die deze zware 
behandelingen kunnen verdragen. Veel patiënten kunnen niet aan een behandeling beginnen, 
omdat de te verwachten bijwerkingen voor hen te veel risico's met zich meebrengen. Weer 
anderen moeten een ingezette behandeling afbreken in verband met opgetreden bijwerkingen. 
Ook al is er veel vooruitgang geboekt in de behandeling van deze bijwerkingen, toch blijven 
zij een ernstig probleem vormen. Bovendien raakt nog steeds een groot deel van de patiënten 
het virus niet kwijt, zelfs niet na een aantal intensieve behandelingen. 

Daarom blijft de zoektocht naar nieuwe therapiemogelijkheden voortduren. Veel nieuwe 
medicijnen zijn in ontwikkeling. Er moet echter mee rekening worden gehouden dat het 
waarschijnlijk nog enkele jaren gaat duren voordat bewezen wordt dat deze nieuwe generatie 
medicijnen veilig en effectief is. Tot die tijd zal interferon de basis blijven vormen voor de 
behandeling van chronische hepatitis C-patiënten. 

In de volgende hoofdstukken van dit proefschrift wordt verslag gedaan van behandelingen die 
door ons in studieverband werden gegeven aan chronische hepatitis C patiënten in de periode 
1991-2002. 

In hoofdstuk 3 wordt een therapie beschreven die van 1991 tot 1995 gegeven werd. In die tijd 
was al bekend dat na 1 jaar behandeling met interferon meer patiënten virusvrij werden dan na 
een halfjaar behandeling met interferon. Wij wilden weten of een behandeling van 3 jaar met 
interferon mogelijk nog effectiever zou zijn. Gedurende een halfjaar werden 47 patiënten 
behandeld, 41 waren niet behandelde controlepatiënten. Bij degenen die na dit halve jaar 
virusvrij waren, werd de behandeling beëindigd. Bij de overigen werd de behandeling 
voortgezet met 3x 5 miljoen eenheden per week tot in totaal 156 weken. De patiënten, bij wie 
na het stoppen van het halve jaar behandeling het virus weer aantoonbaar in het bloed was, 
werden opnieuw behandeld. Die behandeling werd gecontinueerd tot eveneens 156 weken. 
Bij 6 van de 47 patiënten (13%) was het virus na een halfjaar definitief verdwenen, en na 156 
weken was dit bij 19 van hen (40%) het geval. Geen van de controlepatiënten raakte het virus 
kwijt. Langer behandelen bleek dus zeer succesvol. Helaas bleek dit gunstige resultaat alleen 
te gelden voor patiënten die tijdens of na een halfjaar behandeling virusvrij waren geweest, 
maar bij wie het virus na het stoppen was teruggekeerd in het bloed (relapse patiënten). 
Herstarten en doorbehandelen was bij hen succesvol in 78%. Dat gold echter niet voor die 
patiënten bij wie na een halfjaar behandeling het virus nog steeds aantoonbaar was in het 
bloed. Bij geen van deze non-responder patiënten bleek langer doorgaan met behandelen tot 
156 weken het virus te kunnen laten verdwijnen. 
In het eerste half jaar van de behandeling hoefde geen enkele patiënt de behandeling te 
stoppen vanwege bijwerkingen. Gedurende de lange termijnbehandeling stopten 7 patiënten 
om deze reden met de therapie. 
In de discussie van dit hoofdstuk vergelijken we deze resultaten met de uitkomsten van elders 
in de wereld verricht onderzoek. Relapse-patiënten hadden overal een grote kans om na een 
herbehandeling alsnog definitief van het virus af te komen. De 78% kans van slagen uit onze 
studie werd echter niet waargenomen. Dit kon verklaard worden door de zeer lange 
herbehandelingsduur in onze studie, de korte periode tussen relapse en herstart van de 
behandeling en de relatief hoge dosis van de herbehandeling, namelijk 3x5 miljoen eenheden 
interferon per week. 
Herbehandeling van non-responder patiënten was nergens succesvol. 
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Wij concluderen dan ook dat langdurige (her)behandeling alleen zinvol is bij chronische 
hepatitis C -patiënten bij wie het virus tijdens of na een standaardbehandeling van een half 
jaar verdwenen is, maar na het stoppen van de behandeling weer is teruggekeerd. 

Van 1996 tot 1998 werden 78 chronische hepatitis C-patiënten door ons behandeld gedurende 
een halfjaar, in de tijd dat de eerste veelbelovende berichten over de ribavirine-medicatie 
verschenen. Bij 48 patiënten werd de combinatiebehandeling interferon 3x6 miljoen eenheden 
per week en ribavirine toegepast; 40 patiënten kregen uitsluitend interferon . In hoofdstuk 4 
worden de resultaten van deze behandeling beschreven. De combinatiebehandeling bleek 
zoals te verwachten was, superieur. Van alle patiënten raakte 45% na behandeling met de 
combinatietherapie het virus blijvend kwijt, tegenover 10% van de patiënten die alleen met 
interferon werd behandeld. Als het genotype van het virus van de patiënt in ogenschouw werd 
genomen, bleek 67% van de patiënten met het genotype 2 of 3 van het virus af te komen door 
de combinatiebehandeling en slechts 10% van deze patiënten na een behandeling met 
uitsluitend interferon. Bij 30 % van de patiënten met een ander genotype dan 2 of 3 verdween 
na de combinatietherapie het virus, tegenover 10% na alleen interferon. Duidelijk is dat de 
combinatiebehandeling interferon/ribavirine in alle gevallen betere resultaten oplevert. 
Dit onderzoek leverde echter meer op. Omdat een behandeling, die erop gericht is het 
hepatitis C-virus uit het lichaam te doen verdwijnen, een zware behandeling is met veel 
bijwerkingen, zou het goed zijn om, voordat een patiënt aan een behandeling begint, iets te 
weten omtrent de kans die er bestaat om van het virus af te komen. En zou het daarnaast ook 
mogelijk zijn om die kans tijdens de behandeling bji te stellen? 
Wat bleek uit ons onderzoek: Patiënten van 40 jaar en ouder hadden geen enkele kans om van 
het virus af te raken als ze uitsluitend met interferon werden behandeld. Waren ze jonger 40 
jaar dan had een behandeling met interferon alleen een kans van slagen als na 2 weken 
behandeling de hoeveelheid virusdeeltjes in het bloed gedaald was met een factor 10. Zoniet 
dan was de kans 100% dat ze het virus niet kwijt zouden raken. Zowel oude als jonge 
patiënten (onafhankelijk het genotype van het virus) konden behandeld worden met de 
combinatiebehandeling. Was echter de hoeveelheid virus na 2 weken behandeling bij hen niet 
gedaald met een factor 10 dan hadden zij een kans van 97% om het virus niet kwijt te raken. 
Deze kans werd 100% als na 8 weken behandeling bleek dat het virus met een heel gevoelige 
meetmethode nog aantoonbaar was in het bloed. 
Onze conclusie is dan ook dat in die gevallen patiënten beter kunnen stoppen met de 
behandeling om onnodige bijwerkingen te voorkomen. 
Hoofdstuk 5 doet verslag van een zeer ernstige bijwerking die optrad bij een patiënt met een 
chronische hepatitis C-infectie die behandeld zou worden met de combinatie interferon en 
ribavirine gedurende 18 maanden in de zogenoemde Benelux-studie. Na 15 maanden 
behandeling viel hij van de trap. Het duurde enige tijd voordat de diagnose myasthenia gravis 
kon worden gesteld. Een neuromusculaire ziekte met een auto-immuun achtergrond. De 
symptomen van deze ziekte lijken voor een deel op de bijwerkingen van de 
interferonbehandeling en kunnen dus een valkuil zijn. 
Door de ontwikkeling van steeds gevoeliger testen die de hoeveelheid hepatitis C-deeltjes in 
het bloed konden tellen, werd de mate van afname van de hoeveelheid virus in het begin van 
een behandeling steeds belangrijker. Uit door anderen verricht onderzoek bleek dat de daling 
van de hoeveelheid virus in het bloed gedurende de eerste weken van de behandeling, 
afhankelijk was van de hoeveelheid interferon die werd toegediend. 
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Bovendien bleek dat een daling van een factor 1000 gedurende de eerste 4 weken van een 
behandeling met interferon een hele sterke voorspeller was voor het definitief kwijtraken van 
het virus. Nu wilden wij graag weten of een nog hogere dosis interferon een snelle daling van 
de virusdeeltjes in kortere tijd kon bewerkstelligen en of die korte tijd dan al voldoende zou 
zijn om patiënten definitief virusvrij te krijgen. Wij onderzochten dit bij 13 patiënten in 1998 
(Hoofdstuk 6). 
Zij werden gedurende 14 dagen behandeld met 18 miljoen eenheden interferon, 3 injecties 
van 6 miljoen eenheden verdeeld over de dag. Alle 13 patiënten konden deze behandeling 
verdragen. Allen hadden wel, vooral in de eerste week, last van griepachtige verschijnselen, 
maar reageerden goed op paracetamol. Bovendien had iedere patiënt last van haaruitval 
ongeveer 3 tot 4 maanden na het stoppen met de interferon, maar dit bleek zich vanzelf te 
herstellen. Bij 1 patiënt moest de dosis interferon verminderd worden in de tweede week van 
de behandeling in verband met huiduitslag. 
Wat gebeurde er met de hepatitis C-virusdeeltjes? 
Bij 7 van de 13 patiënten (54%) was het virus na 2 weken met een gevoelige testmethode niet 
meer aantoonbaar in het bloed. Alle 10 patiënten die niet waren besmet met het genotype 1 
virus, hadden al gemiddeld na 2,4 dagen een virusdaling met een factor 1000. Van.de 3 
patiënten die wel besmet waren met het genotype 1 virus had maar 1 patiënt een virusdaling 
van een factor 1000 en deze werd pas na 11 dagen bereikt. Van de 7 patiënten die virusvrij 
waren aan het einde van de behandeling van 2 weken, keerde bij 6 het virus terug (relapse). 
Bij één patiënt was het virus definitief verdwenen. 
Onze conclusie was dat dit behandelingsschema van 2 weken, met een hele hoge dosis 
interferon, een nieuwe behandelingsmethode zou kunnen worden, wanneer het gevolgd zou 
worden door medicijnen die een "relapse "zouden kunnen tegengaan. 

Uit het onderzoek beschreven in hoofdstuk 3 was duidelijk geworden dat patiënten die een 
relapse hadden na het stoppen van een behandeling met interferon van een halfjaar, een grote 
kans hadden om van het virus af te komen als ze werden herbehandeld met interferon 
gedurende nog eens 2,5 jaar. Dat is een lange tijd. Kon dit niet bekort worden? 
In hoofdstuk 7 worden 2 behandelingsschema's besproken die hierop een antwoord moesten 
geven. 
Schema A bestond uit hetzelfde 18 miljoen eenheden hoge dosis interferon schema van 2 
weken zoals beschreven in hoofdstuk 6. Hieraan werd dagelijks ribavirine toegevoegd en ook 
amantadine, een medicijn met een antivirale werking, waarover kort voor het begin van deze 
behandelingsmetnode veelbelovende berichten waren verschenen. Dit middel kende geen 
noemenswaardige bijwerkingen. Na 2 weken werd de hoge dosis interferon gevolgd door 22 
weken onderhoudsdosis interferon van 6 miljoen eenheden, die 3x per week werden gegeven. 
Dagelijks, werd tijdens deze 22 weken ribavirine en amantadine ingenomen. 
Schema B was gedurende de eerste 2 weken van de behandeling exact gelijk aan schema A. 
Daarna kregen de patiënten alleen de tabletten ribavirine en amantadine gedurende 22 weken. 
De interferon medicatie werd gestopt. 
Gedurende de jaren 1999 en 2000 werden op deze manier in totaal 37 relapse patiënten 
behandeld . Schema A werd bij 27 patiënten toegepast en schema B bij slechts 10 patiënten. 
Gebleken was dat na 2 weken behandeling bij al deze patiënten het virus welliswaar niet meer 
aantoonbaar was in het bloed, maar dat ondanks het continueren van de tabletten bij alle 
patiënten het virus toch zeer snel was teniggekeerd in het bloed. 
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Samenvatting voor niet-ingewijden 

Dit kon worden toegeschreven aan het stoppen van de interferonbehandeling, omdat deze 
terugkeer van het virus niet werd waargenomen bij patiënten die behandeld werden met 
schema A, waarin de interferon medicatie wel werd voortgezet. 
Het zou niet ethisch zijn geweest meer patiënten deze behandeling te laten ondergaan. 
Van de 27 patiënten die volgens schema A werden behandeld, werden er 12 (44%) genezen. 
Bij geen enkele patiënt besmet met genotype 1 was het virus blijvend verdwenen. Daar 
tegenover stond een genezing van 63% bij patiënten die niet met het genotype 1 virus besmet 
waren. Dit kon worden toegeschreven aan het hogere percentage relapse dat optrad bij 
patiënten die met het genotype 1 virus waren besmet. Opvallend was dat bij alle patiënten de 
hoeveelheid virus gedurende de eerste 2 weken van de behandeling was gedaald met een 
factor 1000. Maar dit had bij deze relapse patiënten geen enkele voorspellende waarde voor 
een succesvolle behandeling. 
Een voorspellende waarde voor succes (92%) was er wel voor patiënten die niet besmet waren 
met genotype 1 en virusvrij waren in een extreem gevoelige test. 6 weken na het starten van 
de behandeling 
We concludeerden dat relapse patiënten die niet besmet waren met het genotype 1, een zeer 
grote kans hadden om van het virus af te komen door slechts 24 weken behandeling, als ze na 
6 weken behandeling, waarvan 2 weken met een hoge dosis interferon, virusvrij waren. 
Patiënten die besmet waren met het genotype 1 virus en eveneens virusvrij waren na 6 weken 
behandeling, konden niet volstaan met slechts 24 weken behandeling, in verband met het 
hoge percentage terugkeer van het virus. Patiënten, ongeacht het genotype, die nog een 
positieve virustest hadden na 6 weken behandeling, zouden kunnen stoppen met deze 
behandeling. 

Eveneens in 1999 werd gestart met ongeveer eenzelfde behandelingsschema voor patiënten 
die helemaal niet hadden gereageerd op een eerdere behandeling, zogenaamde non-responder 
patiënten. Omdat de motivatie van patiënten om weer aan een nieuwe behandeling te 
beginnen, kleiner is na een absoluut niet succesvolle behandeling, dan na een niet helemaal 
succesvolle behandeling, heeft het tot en met het jaar 2001 geduurd voordat er voldoende 
patiënten behandeld waren om er verslag van te kunnen doen . 
Hoofdstuk 8 laat de resultaten van deze behandeling zien. 
In totaal werden 34 patiënten behandeld gedurende 24 weken. Alle patiënten kregen dezelfde 
18 miljoen hoge dosis interferon gedurende 2 weken, gevolgd door 22 weken 
onderhoudsdosis interferon, (zoals hierboven beschreven) in combinatie met ribavirine en/of 
amantadine. Van de patiënten die werden herbehandeld met een schema waarin ribavirine was 
opgenomen raakten 30-40% van het virus af. Deze percentages waren vergelijkbaar met 
herbehandelingsschema's zonder een hoge dosis interferon in de beginfase van de 
behandeling, die door andere onderzoekers waren verkregen. Deze herbehandelingen duurden 
dan wel langer dan een halfjaar. 
Opmerkelijk in deze studie was dat een virusdaling van meer dan een factor 100 in de eerste 2 
weken van de behandeling wel een voorspellende waarde voor een succesvolle uitkomst had 
in tegenstelling tot de daling die bij relapse patiënten werd waargenomen. Was deze 
virusdaling er niet na 2 weken, dan bestond er een kans van 90% op een niet succesvolle 
uitkomst. 
We concludeerden dan ook dat bij deze patiënten een herbehandeling na 2 weken gestopt kon 
worden om op deze manier onnodige bijwerkingen te voorkomen. 
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Chapter 10 

Een collega wordt besmet met het hepatitis C virus doordat hij zich per ongeluk prikt aan een 
naald waarmee hij even daarvoor een medicijn had toegediend aan een patiënt die besmet was 
met het hepatitis C virus. Hoe dan te reageren om een chronische hepatitis C infectie te 
voorkomen wordt beschreven in hoofdstuk 9. 

Hebben chronische hepatitis C patiënten anno 2004, nog enig belang bij de resultaten van de 
onderzoeken beschreven in dit proefschrift, nu de behandelingsresultaten door het gebruik van 
PEG-interferon zoveel beter zijn geworden? Ja, ik meen van wel. 

De mate van daling van de hepatitis C virusdeeltjes in de eerste behandelingsweken blijkt 
onafhankelijk van de therapie, telkens weer van belang te zijn voor het slagen van de 
behandeling (behalve bij relapse patiënten). Wordt geen of nauwelijks virusdaling 
waargenomen dan kan de behandeling gestopt worden. Dit is van groot belang voor de 
patiënten omdat op deze manier bijwerkingen en frustraties kunnen worden voorkomen. 
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Chapter 10 

Vele jaren geleden werd ik gebeld door Henk Reesink. Of ik zin had om naar Hong Kong te 
gaan. Om daar een hepatitis B -studie te coördineren. Ik was toen eerste hulp arts in het 
OLVG en mijn jongste kind was een paar maanden oud. Ik heb er een nachtje over geslapen. 
Het is niet Hong Kong geworden. Maar Henk, ik ben je dankbaar voor al dat soort suggesties. 
Ik heb er verschillende onvergetelijk werkperiodes aan overgehouden. En, uiteindelijk, dit 
proefschrift over hepatitis C, dat er zonder jou niet was gekomen. Niet alleen heb je mij op 
het idee gebracht, maar je hebt mij ook achter mijn vodden gezeten. Ik ben bang dat ik het 
anders niet gered zou hebben. 
Want promoveren is net zoals het ondergaan van een behandeling van een chronische 
hepatitis C -infectie, vooral een kwestie van doorknokken. Ik heb enkele malen de neiging 
gehad het bijltje erbij neer te leggen. Omdat je niet meer weet waarom je er ooit aan begonnen 
bent en je de zin er niet meer van inziet. 
Ik herinner mij in het bijzonder de avond dat ik met mijn kinderen aan het vieren was dat 
mama er deze dag definitief mee gestopt was. Taart, champagne, luide muziek... totdat 
Michiel (mijn man) thuiskwam. Het feest was snel voorbij. 
Ik heb na die avond nog meermalen steun nodig gehad om verder te gaan en de draad weer op 
te vatten. 
De strijd, die het schrijven van een proefschrift betekent, kan nu eenmaal niet gevoerd worden 
zonder hulptroepen. In de eerste plaats zijn dat natuurlijk de patiënten, zonder hun 
medewerking was er geen onderzoek mogelijk geweest. Zij waren voor mij de voornaamste 
inspiratiebron. 

Roel Sentjens, wat kon je mij door je enthousiasme lekker opjutten! Ik denk er nog vaak aan 
terug. 
Aan de gestructureerde wijsheid van Monique van Leerdam kon ik mij laven. De gesprekken 
met David van Westerloo, waren voor mij onmisbaar. 
Marjolein Damen, je wetenschappelijke gestrengheid en onverbiddelijkheid had ik soms 
nodig. 
Huub Gelderblom was good company in de afrondingsfase van mijn proefschrift. Een 
solidaire collega. 
Marcel Beid heeft er voor gezorgd dat ik, als gewone 'mensendokter', tenslotte toch ook iets 
van het hepatitis C-virus ben gaan snappen, door mij met engelengeduld steeds opnieuw 
daarover uitleg te geven. 
Marcel Dijkgraaf was een voortreffelijke gids in de mysterieuze wereld van de statistiek. Hij 
bracht mij de elementaire principes bij en zorgde voor de statistische structuur. 
Rob Chamuleau heeft me menigmaal voor wetenschappelijk afdwalen behoed. Telkens weer 
stelde hij de juiste vragen. 
Fibo ten Kate nam me in de vroege ochtenduren mee in de wonderschone wereld van de 
microscopie. Door hem kan ik nu echt naar een leverbiopt kijken. 

Guido Tijtgat, ik ben je honderdste promovendus. Dat is een hele eer, die mij zomaar te beurt 
valt. Wat versta jij de kunst goed om iemand tot prestaties aan te zetten. 

De collega's van de assistentenkamers. Heerlijk om af en toe even stoom te hebben kunnen 
afblazen. 
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Dankwoord 

Door de perfecte organisatie op de polikliniek leverziekten waar Ruth Culbard en Martine 
Peters de scepter zwaaien, kon ik de afgelopen maanden ongestoord door blijven schrijven. 
En af en toe ook even van de goede sfeer meegenieten. 
Mijn buitenlidmaatschap van de Bundelstock heeft helaas wel te lijden gehad van het werken 
aan dit proefschrift. Maar dat komt heus wel weer goed. 
Tyche en Tjebbe, jullie werden er wel eens gek van. Dat gezucht en gefoeter van je moeder 
aan de computer. Het is voorbij. 
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Stellingen 

Behorend bij het proefschrift 
HEPATITIS C INFECTION: 

THE QUEST FOR NEW TREATMENT STRATEGIES 
Te verdedigen op 7 september 2004 door C.J.Weegink 

1. Bij het wikken en wegen om aan een behandeling van een chronische hepatitis C infectie te 
beginnen, neemt het gewicht van een leverbiopt steeds meer af en niet alleen bij genotype 2 
en 3 patiënten. 

2. De motivatie van de chronische hepatitis C-patiënt om een interferonbehandeling te willen 
afmaken is sterk gerelateerd aan de mate van daling van de hepatitis C virus-deeltjes in het 
bloed tijdens de eerste 2-4 weken van de behandeling. De laboratoriumtest die de 
hoeveelheid hepatitis C virus-deeltjes berekent, hoort dan ook op dat tijdstip in het 
behandelpakket te zitten. 

3. De ernst van de vermoeidheidsklachten, die gepaard kunnen gaan met een chronische 
hepatitis C-infectie, heeft geen relatie met de hoogte van de ALAT- en ASAT waarden in 
het bloed. 

4. Het geven van medisch advies aan advocaten is een hachelijke bezigheid, in het bijzonder in 
zaken die betrekking hebben op de vraag of de uitzetting van vreemdelingen uit medisch 
oogpunt bezien, verantwoord is te achten. Een arts zal bij de beantwoording van dat soort 
vragen grote terughoudendheid moeten betrachten, en zich tot een zo nauwkeurig mogelijke 
analyse van de ziekte van de betrokkene en de aan die ziekte verbonden gezondheidsrisico's 
moeten beperken. 

5. Niet voor alle zieken passen dezelfde medicijnen (A. Cornelius Celsus, De medicina 3.1.5). 

6. Voor de zieken is niets belangrijker dan te worden behandeld door iemand van hun keuze 
(L. Annaeus Seneca, Excerpta Controversiarum ). 



Gaten in een CV bestaan niet. 

In de avonduren doet de morgenster haar beste vondsten. 

De stroom zogenaamde zelfverwijzers naar eerstehulpafdelingen van de ziekenhuizen in de 
grote steden in Nederland valt niet in te dammen. 

De onbaatzuchtigheid van de patiënt die zich ter beschikking stelt voor onderzoek waar hij 
zelf niet beter van wordt, is wonderbaarlijk. 

Elke arts is ook een lijfarts. 




