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9General introduction

InTROduCTIOn

The hepatitis C virus was first discovered in 1989 as the major cause of chronic non-A non-B 

hepatitis (1). The hepatitis C virus is a single stranded RNA virus that belongs to the family of 

flaviviruses (2). The primary target of the hepatitis C virus are hepatocytes where viral particles 

replicate extremely fast with the production of 1012 viral particles per day. Worldwide 6 major 

HCV genotypes occur whose prevalence varies geographically. The predominant risk factor 

for infection is injection drug use. Other risk factors include blood transfusions before 1992, 

high lifetime number of sexual partners and iatrogenic transmission (3). Infection with the 

hepatitis C virus leads to a chronic infection in 55-80% of patients. A recently discovered 

single nucleotide polymorphism near the IL-28b gene is associated with spontaneous clear-

ance of the hepatitis C virus (4).

Worldwide 180 million people suffer from chronic hepatitis C virus (HCV) infection with 3-4 

million people newly infected people and more than 350000 deaths each year (5). Although 

the natural history of chronic hepatitis C is highly variable, approximately 15-30% of patients 

infected with HCV will develop liver cirrhosis over the ensuing 3 decades (6). Cirrhosis can 

lead to the development of hepatocellular carcinoma and end stage liver disease. Conse-

quently, chronic HCV infection is the leading indication for liver transplantation in developed 

countries (7).

Treatment

The primary goal of antiviral treatment for chronic hepatitis C is to prevent complications and 

death from HCV infection. This goal can be achieved by eradicating the virus permanently. 

Great strides have been made in the treatment of chronic HCV infection. In 1986 the first 

patients with non-A non-B chronic hepatitis were treated with interferon alfa for 24 weeks 

resulting in normalization of ALT in 8 out of 10 patients (8). To date, more than two decades 

later, the combination of peginterferon alfa and ribavirin has become the standard of care 

for all HCV genotypes on the basis of results of multiple randomized controlled trials (9-13). 

Optimization of treatment by altering treatment doses and duration has led to increased SVR 

rates in the past decade. The current treatment regimen consists of a weekly subcutaneous 

injection of peginterferon alfa (2a or 2b) combined with oral daily ribavirin for 24 or 48 weeks 

depending on on-treatment virological response and HCV genotype (14). This treatment 

regimen leads to sustained virological response rates (SVR) of approximately 80% of patients 

infected with HCV genotype 2 and 3. However, for patients infected with genotype 1, the most 

common genotype in the western world, a sustained virological response is only achieved in 

about 40 to 50% of patients (9-10, 13). Besides genotype several pre-treatment host factors 

have been identified as predictors of response. These factors include race, fibrosis stage, 

body weight, age, gender, baseline viral load, baseline ALT and IL-28b genotype. Recent data 

from genome wide association studies have shown that single nucleotide polymorphisms 
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near or in the interleukin-28b gene are highly predictive of sustained virological response 

in genotype 1 patients (15). Patients with IL28b SNP rs 12979860 CC genotype had a more 

than two-fold higher chance of achieving SVR compared to patients with rs12979860 TT 

genotype (78% for the CC vs. 38% for the CT and 26% SVR for the TT genotype). The IL28b 

genotype has become the most important pretreatment predictor of virological response in 

HCV genotype 1 patients.

Treatment predictors

Besides pretreatment predictors, chances of a sustained virological response can also be 

determined during treatment. A rapid virological reponse defined as HCV RNA negativity 

at week 4 of treatment is associated with high chances (80%-90%) of virological response 

regardless of HCV genotype. Patients without an early virogical response defined as a more 

than 2 log drop in HCV RNA at week 12 or patients with detectable HCV RNA (HCV RNA >50 

IU/ml) at week 24 of treatment have very little chance of achieving an SVR (16). Another on 

treatment factor determining the probability of SVR is treatment adherence. Patients receiving 

more than 80% of the prescribed peginterferon alfa and ribavirin dose for more than 80% of 

the expected duration of therapy have higher chances of SVR (16-17).

Direct Acting Antiviral Agents

In the past years, the growing insight in the HCV life cycle and the structural features of HCV 

proteins has enabled the development of new direct acting antiviral agents (DAAs) (18-19). 

Most DAAs inhibit nonstructural proteins which are necessary for viral replication. The most 

evaluated group of DAAs are the protease inhibitors which inhibit viral replication by inhibiting 

the NS3/4A protease which is responsible for cleavage of the other nonstructural proteins and 

unwinding of viral RNA (20-21). Another type of DAAs is the (non)nucleoside NS5B polymerase 

inhibitor. Nucleoside analogue inhibitors are incorporated into the growing RNA chain which 

leads to termination of nucleic acid synthesis. Nonnucleoside inhibitors inactivate the NS5B 

by binding to 1 out of 4 allosteric sites of the polymerase enzyme (22).

Currently, the most advanced DAAs are telaprevir and boceprevir which are both inhibitors 

of the HCV NS3 protease. Results of phase 2 and 3 trials investigating both drugs show prom-

ising results with significant increases of SVR rates in HCV genotype 1 patients (23-26). Due 

to pre-existing resistant HCV quasispecies and the development of resistant mutations DAA’s 

cannot be given as monotherapy and are only effective when combined with peginterferon 

alfa and ribavirin (27). Unfortunately DAA’s are not without adverse effects and adding them 

to the combination of peginterferon alfa and ribavirin makes antiviral therapy for chronic HCV 

even more difficult to endure.
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Side effects

Treatment with peginterferon alfa and ribavirin is associated with many side effects. The major 

types of side effects include fatigue, influenza-like illness, gastrointestinal, dermatological and 

neuropsychiatric side effects and hematologic abnormalities. These side affects impair adher-

ence to therapy, lead to dose reductions and/or discontinuation of therapy. Sometimes side 

effects even lead to hospital admissions or death (28-29). Management of adverse effects is 

thus crucial to prevent serious adverse events and to minimize treatment failure (17).

There is some evidence from animal studies that treatment with peginterferon alfa and 

ribavirin therapy is teratogenic (30-33). For this reason strict guidelines exist for the exclu-

sion of pregnant patients or patients with a pregnancy wish. It is strongly recommended to 

use double contraception till 4 months after treatment for female and till 7 months for male 

patients (34-35). Furthermore male patients with pregnant partners are excluded from antiviral 

therapy and female partners are strictly advised to use double contraception. It is however 

unknown whether treatment in male patients can lead to teratogenicity.

Dose reductions

Most dose reductions are performed because of cytopenias such as anemia, neutropenia and 

thrombocytopenia. Neutropenia is the most common reason for dose reductions (9). However, 

studies investigating the correlation between neutropenia and infections could not find any 

relation between absolute neutrophil counts (36-37). To prevent severe bleedings, patients 

with baseline thrombocytopenia, who are often cirrhotic and need therapy the most, are 

excluded from antiviral therapy. Furthermore dose reductions are performed during treatment 

in the case of platelet counts <50000/µL. It is however unknown of these patients are at risk 

to develop severe bleedings. Dose reductions reduce treatment efficacy and guidelines for 

dose reductions might be overly cautious. For this reason it is important to investigate the 

occurrence of side effects associated with cytopenias during antiviral treatment.

The focus of this thesis is the improvement of current standard therapy for hepatitis C 

by investigating risk factors for side effects, necessity for dose reductions or exclusion of 

treatment, alternative forms of administration of interferon alfa and the use of the most optimal 

HCV RNA assay for on-treatment response monitoring.

Goals and aims of this thesis

To investigate which factors are associated with an increased risk of infection and bleeding 

and whether absolute neutrophil counts and platelet counts are associated with an increased 

incidence of infection and bleeding respectively.

To investigate whether the use of a very sensitive HCV RNA TMA assay would change the 

negative predictive value in the prediction of response and whether the current stopping rules 

are still applicable using more sensitive assays.
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To investigate the safety, feasibility and efficacy of the continuous delivery of interferon 

alfa-2b in combination with ribavirin in patients who previously failed antiviral therapy.

To investigate the effect of chronic hepatitis C and peginterferon alfa/ribavirin treatment on 

spermatogenesis, sperm DNA integrity and endcrinological parameters.
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AbstrAct

Chronic hepatitis C virus infection affects about 180 million people worldwide and is a leading 

cause of end stage liver disease and hepatocellular carcinoma. The current treatment regimen 

consists of a combination with peginterferon alfa and ribavirin. Between 40-90% of patients 

achieve a sustained virological response depending on viral genotype and several host factors. 

Recently developed direct acting antiviral agents will increase these percentages even more but 

only in combination with peginterferon alfa and ribavirin. Therefore peginterferon alfa and ribavirin 

will remain the backbone of antiviral therapy for the coming years. Unfortunately this treatment 

regimen is associated with many side effects which compromise treatment adherence and lead 

to dose reductions or discontinuations of therapy. Side effects include fatigue, fever, myalgia, 

headache, skin rashes, infections, cytopenias and psychiatric symptoms. Adding a direct acting 

viral agent to the current regimen will increase the number of side effects and their management 

will therefore be crucial to maintain effective doses and to optimize treatment adherence. This 

review focuses on side effects of the current and future treatment regimens for chronic hepatitis 

C and their management.
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InTROduCTIOn

Chronic hepatitis C virus (HCV) infection affects about 180 million people worldwide. Approxi-

mately 20% of infected patients will develop cirrhosis which can lead to the development of 

hepatocellular carcinoma and end stage liver disease (1). Consequently, chronic HCV infec-

tion is the leading indication for liver transplantation in developed countries (2-3). The current 

treatment regimen consists of a weekly subcutaneous injection of peginterferon alfa (2a or 2b) 

combined with oral daily ribavirin for 24 or 48 weeks depending on virological response and 

HCV genotype. This treatment regimen leads to sustained virological response rates (SVR) of 

approximately 80% of patients infected with HCV genotype 2 and 3. For patients infected with 

genotype 1, the most common genotype in the western world, and genotype 4, a sustained 

virological response is only achieved in about 40 to 50% of patients (4-6).

Furthermore peginterferon alfa and ribavirin treatment is associated with many side effects. 

The major types of side effects include fatigue, influenza-like illness, gastrointestinal, derma-

tological and neuropsychiatric side effects and hematologic abnormalities. These side affects 

impair adherence to therapy, lead to dose reductions and/or discontinuation of therapy and 

sometimes they even lead to hospital admissions and death (7-8). Management of adverse 

effects is thus crucial to prevent serious adverse events and to minimize treatment failure (9).

In the past years, the growing insight in the HCV life cycle and the structural features 

of HCV proteins has enabled the development of new direct acting antiviral agents (DAAs) 

(10-11). Most DAAs inhibit nonstructural proteins which are necessary for viral replication. 

The most evaluated group of DAAs are the protease inhibitors which inhibit viral replication 

by inhibiting the NS3/4A protease which is responsible for cleavage of the other nonstructural 

proteins and unwinding of viral RNA (12-13). Another type of DAAs is the (non)nucleoside 

NS5B polymerase inhibitor. Nucleoside analogue inhibitors are incorporated into the growing 

RNA chain which leads to termination of nucleic acid synthesis. Nonnucleoside inhibitors 

inactivate the NS5B by binding to 1 out of 4 allosteric sites of the polymerase enzyme (14).

Currently, the most advanced DAAs are telaprevir and boceprevir which are both inhibitors 

of the HCV NS3 protease. Results of phase 2 and 3 trials investigating both drugs show prom-

ising results with significant increases of SVR rates in HCV genotype 1 patients (15-18). Due 

to pre-existing resistant HCV quasispecies and the development of resistant mutations DAA’s 

cannot be given as monotherapy and are only effective when combined with peginterferon 

alfa and ribavirin (19). Unfortunately DAA’s are not without adverse effects and adding them 

to the combination of peginterferon alfa and ribavirin makes antiviral therapy for chronic HCV 

even more difficult to endure.

This review focuses on adverse effects of treatment with peginterferon alfa and ribavirin 

including new or more severe adverse effects which come into prominence due to the addition 

of DAA’s to peginterferon alfa and ribavirin.
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CuRRenT TReATmenT RegImens

Peginterferon alfa-2a or 2b in combination with ribavirin

The current standard treatment for chronic hepatitis C is a 24 to 48 week regimen with weekly 

peginterferon alfa 2a or 2b injections in combination with daily weight based ribavirin (20). The 

most common adverse events are listed in table 1. Nearly all patients developed at least one 

adverse event. Serious adverse events occurred in 8-12% of patients. Adverse events lead to 

dose reductions in 33-43% of patients treated and to discontinuation of therapy in 7-13% of 

patients (4-6, 21). In the IDEAL study peginterferon alfa-2b was compared with peginterferon 

alfa-2a. More patients treated with standard-dose peginterferon alfa-2b developed headache, 

nausea, pyrexia, myalgia and depression than patients treated with peginterferon alfa-2a 

whereas rash and neutropenia occurred more often in patients treated with peginterferon 

alfa-2a (21).

table 1. Most common adverse events in pivotal peginterferon alfa and ribavirin studies

Manns Fried Hadziyannis IDEAL IDEAL

Adverse events
PEGIFN alfa-2b

1.5 μg/kg
PEGIFN alfa-2a

180μg
All arms 

combined
PEGIFN alfa-2a

180μg
PEGIFN alfa-2b
Standard dose

Fatigue 64 54 49 63 66

Headache 62 47 52 42* 50*

Pyrexia 46 43 42 23* 35*

Myalgia 56 42 41 23* 27*

Arthralgia 34 27 26

Rigours 48 24 30

Nausea 43 29 32 36* 43*

Diarrhoea 22 20

Decreased appetite 32 21 18

Weight loss 29

Concentration loss 17

Insomnia 40 37 36 39

Depression 31 22 21 21* 26*

Irritability 35 24 27 25 25

Dyspnoea 26

Alopecia 36 28 25

Rash 24 21 19 28* 22*

Pruritus 29 22 24

Injection site reactions 58

Serious adverse events 8 12 9

Hematologic abnormalities

Anemia 34 34

Neutropenia 26* 32*

Dose reductions: 42 32 43 43

Discontinuations** 14 10 12 13 13

* P<0.05
**due to adverse events
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fuTuRe RegImens

Peginterferon alfa-2a in combination with ribavirin and telaprevir

Telaprevir, a HCV NS3/4a protease inhibitor, has been studied extensively in combination with 

peginterferon alfa and ribavirin (15, 17-18, 21-23). These studies have shown significantly 

improved SVR rates in patients treated with triple therapy compared to standard of care with 

peginterferon alfa and ribavirin. The highest SVR rates in treatment naïve HCV genotype 1 

patients were achieved in the ADVANCE trial: 75% of patients treated with 12 weeks of triple 

therapy followed by 12 or 36 weeks of peginterferon alfa and ribavirin achieved SVR (24). SVR 

rates in HCV genotype 1 patients who previously failed treatment with peginterferon alfa SVR 

rates ranged from 38% in previous nonresponders to 76% in prior relapsers. A future treat-

ment regimen with peginterferon alfa, ribavirin and telaprevir will most likely exist of 12 weeks 

of triple therapy followed by 12 or 36 weeks of peginterferon alfa and ribavirin depending on 

table 2. Most common adverse events in peginterferon alfa, ribavirin and telaprevir trials

PROVE 1 PROVE 2 PROVE 3 ADVANCE

Adverse events PR PRT* PR PRT* PR PRT* PR PRT*

Fatigue 76 75 37 27 56 64**

Asthenia 32 49

Influenza like illness 52 39 32 29

Headache 23 37 45 42 36 39

Pyrexia 29 29 23 18 12 19**

Pruritis 23 37 35 57 15 39**

Generalized pruritis 0 15

Rash 41 58 35 47 20 55** 37 54

Myalgia 24 16 21 14 18 18

Arthralgia 21 21 17 10 18 16

Dyspnea 15 15 16 24

Cough 19 20 26 18 18 16

Nausea 29 52 40 48 34 42**

Vomiting 12 21

Diarrhea 28 38 28 28 19 38**

Concentration loss 9 10

Insomnia 39 39 39 31 17 28**

Depression 17 18 23 21 17 13

Irritability 29 13 22 21

Hemorroids 1 18 3 15**

Injection site reaction 24 32

Alopecia 21 11 11 18**

Hematologic abnormalities:

Anemia 27 34 17 23 8 26** 14 38**

Neutropenia 24 13

Discontinuations** 11 21 7 12 4 17 7 10

* includes all arms containing peginterferon alfa, ribavirin and telaprevir
** due to adverse events
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virological response during treatment (25). Unfortunately telaprevir does not come without 

side effects (table 2). In the largest telaprevir trial the proportion of patients with rash, pruritus, 

nausea, diarrhoea and anaemia was at least 10% higher in the telaprevir containing arms 

compared to the control arm (24). Other adverse events which occurred more often in the 

telaprevir based arms were vomiting, haemorrhoids and insomnia. Especially rash and anemia 

were common side effects. Also the proportion of patients who discontinued treatment due to 

an adverse event was higher in the telaprevir arms. Rash and anemia were the most common 

reasons for treatment discontinuation. Rashes were mostly maculopapular of origin, appeared 

after 7 to 28 days after treatment onset. Treatment included topical anti-allergic agents and 

topical and systemic antipruritic agents. Up to 7% of the rashes were defined as severe (grade 

3), and corticosteroid treatment was necessary in some patients. After treatment discontinu-

ation all rashes resolved.

Anemia was more common in the telaprevir arms as well. Median decrease in hemoglobin 

from baseline was 0.5 to 1.0 g/dL larger compared to the control arms. However, very few 

patients had discontinuation of treatment due to anemia. Use of erythropoietin was prohibited 

during the telaprevir phase or during the complete treatment duration in all of these studies . 

(15, 17-18, 21-23) (26)

Peginterferon alfa-2b in combination with ribavirin and Boceprevir

Boceprevir is a peptidomimetic NS3 protease inhibitor with strong antiviral activity against 

HCV. Boceprevir in combination with peginterferon alfa-2b and ribavirin has been investigated 

in the SPRINT-1, SPRINT-2 and the RESPOND-2 studies. In all studies adding boceprevir to 

standard of care with peginterferon alfa-2b and ribavirin significantly improved SVR rates (16, 

27-28). Different from the telaprevir based studies; these studies also included arms with a 4 

week peginterferon alfa and ribavirin lead-in period prior to adding boceprevir triple therapy. 

The rationale of the lead-in period was to eliminate pre-existing viral mutations and to prevent 

viral mutations by decreasing the viral load prior to treatment with boceprevir.

Side effects of boceprevir in combination with peginterferon alfa-2b and ribavirin are listed 

in table 3. Similar to triple therapy with telaprevir, triple therapy with boceprevir led to higher 

rates of treatment discontinuation and dose reductions due to adverse events. Adverse events 

which occurred more often in the boceprevir containing arms were anemia, neutropenia and 

dysgeusia (loss of taste). A hemoglobin concentration <100 g/L occurred in 204 out of 416 

patients (49%) receiving triple therapy with boceprevir compared to 25 out of 104 patients 

(25%) receiving standard of care and more patients developed neutropenia (32%) in the 

boceprevir containing arms compared to standard of care (17%). Unlike telaprevir, boceprevir 

did not lead to increased rates of rash and pruritus. These results were comparable in all 

boceprevir trials (16, 27-28).
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Other protease inhibitors in combination with peginterferon alfa and 
ribavirin

Besides telaprevir and boceprevir several other protease inhibitors are currently being devel-

oped. danoprevir, vaniprevir, narlaprevir and TMC-435 are currently investigated in phase 2 

studies. Like boceprevir and telaprevir, danoprevir is associated with an increased incidence 

of adverse events. Most common adverse events were fatigue, nausea, headache, diar-

rhoea, myalgia, insomnia, chills and vomiting. Nausea and diarrhoea did occur more often 

in the danoprevir containing arms. Anemia and neutropenia did not occur more often in the 

danoprevir containing arms. Furthermore, the arm with the highest dose of danoprevir (900mg 

BID) was terminated early due to grade 4 ALT elevations (10xULN). ALT elevations occurred 

between week 6 and 12 and were asymptomatic. In 1 patient bilirubin was elevated as well. 

All ALT elevations were reversible after discontinuation of danoprevir (29).

Vaniprevir, another NS3/4A protease inhibitor, has been investigated in combination with 

peginterferon alfa-2a and ribavirin in a small trial. Most common adverse events were head-

ache, nausea, vomiting, fatigue and flu-like symptoms. In the highest dose arms (600mg BID 

vaniprevir) vomiting occurred more often compared to the control arm. Adverse events were 

mild to moderate in severity and did not lead to vaniprevir discontinuation. The incidence of 

rash was similar between vaniprevir-containing arms and the control arm (30).

table 3. Most common adverse events in peginterferon alfa, ribavirin and boceprevir trials

SPRINT-1* SPRINT-2** RESPOND-2

PR PRB PR PRB PR PRB

Fatigue 55 62 50 55

Anemia 34 55 29 49 20 44

Headache 43 46 48 40

Nausea 43 45 38 42

Insomnia 38 35 20 30

Pyrexia 34 31

Alopecia 26 31

Diarrhoea 22 26

Dysgeusia 9 27 18 40 11 44

Neutropenia 12 24

Influenza like illness 24 19

Arthralgia 20 18

Vomiting 5 19

Decreased appetite 12 12

Injection site reactions 10 8

Dose reductions due to adverse events 29 57 26 37 14 31

Discontinuation due to adverse events 8 13 16 14 3 10

*percentage in the PRB column is based on all boceprevir containing arms in part 1 of the study
**percentage in the PRB column based on boceprevir containing arms of the SPRINT-2 study
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Narlaprevir is another novel potent oral direct-acting antiviral agent which has been studied 

in two phases, in the first phase as monotherapy or in combination with ritonavir and in a 

second phase in combination with peginterferon alfa-2b and ritonavir. Most common adverse 

events during the first phase were gastrointestinal symptoms (diarrhea, anorectal discomfort, 

abdominal discomfort and abdominal distension) (31).

TMC-435 is a promising macrocyclic protease inhibitor with strong antiviral activity against 

hepatitis C. In a phase 1 trial with 49 healthy volunteers and 6 HCV patients occurring adverse 

events were headache, abdominal pain, abdominal distension and photosensitivity reactions 

(32). In a phase 2 trial TMC-435 has been investigated in combination with peginterferon alfa-

2a and ribavirin. SVR rates of approximately 90% were achieved in all treatment arms receiving 

triple therapy with TMC-435. Most common adverse events were headache, nausea, pruritis, 

fatigue and flu-like symptoms with no significant differences between the control arm and 

the treatment arms containing triple therapy with TMC-435. In the TMC-435 containing arms 

mild increases in bilirubin were observed the first 2 weeks followed by gradual decreases to 

baseline levels.

(Non)nucleoside polymerase inhibitors

Several nucleoside NS5b inhibitor have been developed. The clinical development of some 

nucleoside polymerase inhibitors, e.g. valopicitabine and R1626 have been terminated have 

been stopped due to side effects and lack of efficacy (33-35).

RG7128, a nucleoside inhibitor and prodrug of PSI-6130 has been investigated in combi-

nation with the protease inhibitor danoprevir and is currently being investigated in combina-

tion with peginterferon alfa-2a/ribavirin combination therapy. Most common adverse events 

were headache, lethargy, gastrointestinal symptoms and nausea. Almost all adverse were 

graded as mild to moderate. There were no grade 3 or 4 laboratory abnormalities observed in 

this study. Neutropenia was the most common laboratory abnormality occurring in 13 to 23 

percent of patients (36).

Nonnucleoside inhibitors are currently being investigated in phase 1 and 2 trials. The most 

advanced nonnucleoside inhibitors at the moment are tegobuvir (GS-9190) and ANA598. In 

a study investigating tegobuvir with or without GS-9256, a novel NS3 protease inhibitor and/

or peginterferon alfa/ribavirine for 4 weeks followed by 44 weeks of peginterferon alfa-2a 

and ribavirin the most frequent adverse events were headache, diarrhoea and nausea. Some 

patients developed hyperbilirubinemia including grade 3 hyperbilirubinemia in 2 patients (37).

ANA598 is another nonnucleoside inhibitor which is being investigated in combination 

with peginterferon alfa-2a and ribavirin for 12 weeks followed by 36 weeks of peginterferon 

alfa-2a and ribavirin. ANA598 400mg BID was (the highest dose) associated with an increased 

rash incidence. In 1 patient treatment was discontinued due to grade 3 rash. In all patients 

a mild reversible increase in bilirubin levels was observed. Other adverse events rates were 

comparable with standard of care.
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mAnAgemenT Of AdveRse evenTs

Managing adverse events during treatment with peginterferon alfa and ribavirin is crucial to 

optimize adherence to antiviral treatment. Sustained virological response rates are higher in 

patients with full adherence to the prescribed regimen compared to patients with less than 

80% of the prescribed treatment (9, 38). For this reason preventing and minimizing dose 

reductions and treatment discontinuations because of adverse events is important.

General symptoms

Fatigue, headache, fever, myalgia, arthralgia and loss of appetite are the most common 

adverse events during treatment with peginterferon alfa and ribavirin. Since this treatment 

regimen will remain the backbone of antiviral treatment for the coming years, these adverse 

events still need to be managed. No studies have been performed to investigate the best 

treatment options for these side effects. Widely used is acetaminophen prior to the time of the 

injection which helps relieving flu-like side effects. After some weeks these adverse events 

generally resolve, however, fatigue, loss of appetite and loss of energy will remain important 

side effects which can affect adherence to therapy. Most patients have weight loss during 

treatment, adequate nutrition and hydration may help to improve fatigue and weight loss.

Psychiatric side effects

Neuropsychiatric side effects are very common during antiviral therapy with peginterferon 

alfa and ribavirin. During treatment several symptoms such as impaired cognition, agitation, 

irritability and depressive symptoms can occur (39-42). Approximately one third of treated 

patients develop a major depression or suffers from clinically significant depressive symptoms 

during antiviral treatment (43-44). The large prevalence of neuropsychiatric side can partly be 

contributed to pre-existing psychiatric morbidities and substance abuse. Another explana-

tion for depressive symptoms is that patients infected with chronic hepatitis C have reduced 

tryptophan levels compared to healthy controls. Tryptophan levels can return to physiological 

levels after successful antiviral treatment (45). Peginterferon alfa based treatment itself prob-

ably causes tryptophan depletion leading to a worsening of depressive symptoms during anti-

viral therapy (46). Several studies have investigated the use of selective serotonin re-uptake 

inhibitors (SSRI’s) for the prevention of the development of depression (47-50). Prophylactic 

treatment with citalopram or escitalopram is not supported by the findings of these studies. 

However SSRI’s are highly effective in the treatment of peginterferon alfa induced depression. 

Further studies should be aimed to identify subgroups of patients with a high risk of develop-

ing depressive symptoms which could benefit from prophylactic treatment with SSRI’s during 

antiviral treatment.
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Dermatologic side effects

Frequently occurring dermatologic side effects include alopecia, dermatitis, pruritus, dry skin 

and injection site reactions (51). Most of these mild skin reactions can be treated with topical 

corticosteroids, anti-pruritic crèmes and hydrating lotions. Alopecia occurs in approximately 

20% of patients and is completely reversible in nearly all cases (52). Less frequent dermato-

logic adverse events include exacerbation of lichen planus, erythematous and maculopapular 

rash, sweating, psoriaris, urticaria, eczema, nail disorders and abnormal hair texture (51, 

53-55). Patients with pre-existing psoriasis may experience a psoriatic flare during treatment. 

These patients should be managed in conjunction with a dermatologist. In case they do 

not respond to anti-psoriatic therapy, treatment discontinuation is inevitable (55). Very rare 

but severe skin reactions include toxic epidermal necrolysis, Stephen-Johnson syndrome, 

angioedema, extensive erythema multiforme, cutaneous sarcoidosis, lineair immunoglobulin 

A bullous dermatosis and porphyria cutanea tardia (53-54). In case these skin reactions occur 

treatment should be discontinued immediately.

Hematologic abnormalities

Anemia

Anemia is one of the most common adverse events leading to dose reductions and dis-

continuations of peginterferon alfa and ribavirin. Anemia is caused partly by a strong bone 

marrow suppression of peginterferon alfa. The other mechanism underlying the anemia is 

ribavirin induced hemolysis. Ribavirin is taken up by erythrocytes and activated to ribavirin 

triphosphate. Erythrocytes are unable to hydrolyze ribavirin triphosphate, which results in 

entrapment of ribavirin triphosphate in erythrocytes leading to 60-fold greater concentrations 

in erythrocytes compared to plasma concentrations (56). The largest drop in hemoglobin 

levels occur in the first 8 weeks of treatment with peginterferon alfa and ribavirin followed by a 

gradual stabilisation of hemoglobin levels and a rapid return to baseline levels after treatment 

discontinuation. The mean maximum decline in hemoglobin levels in different studies varies 

from 2.5 to 3.7 g/dL. Approximately 9 to 28% of patients will have a drop in hemoglobin below 

10g/dL and thus require dose modifications of ribavirin (4-6, 21, 57-59).

The extent of this treatment induced anemia varies greatly between treated individuals. 

Recently, genetic variants of inosine triphosphatase have been found to be strongly asso-

ciated with ribavirin induced anemia and the number of dose reductions of ribavirin. The 

polymorphisms rs1127354 and rs7270101 were significantly associated with hemoglobin 

reduction at week 4. The minor alleles of both variants protected against Hb decline and 

this association was strengthened when both variants were combined. Patients with the 

minor alleles on both variants had lower rates of anemia, and ribavirin dose reductions were 

observed. No association between SVR and these protective variants could be found (60-

62). Other patient characteristics which are associated with the amount of ribavirin induced 
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hemolytic anemia are female gender, age >60, higher ribavirin dose, Asian race and a reduced 

creatinine clearance (63-65).

Peginterferon alfa and ribavirin induced anemia leads to an increase of complaints of 

fatigue, dyspnea d’effort and can significantly impair quality of life. To our knowledge, an 

increase in cardiac ischaemia during peginterferon/ribavirin has never been observed.

Adding telaprevir to the current treatment regimen leads to an increase of hemoglobin 

decline with 0.5-1.0g/dL (15, 17, 66). In the Boceprevir studies 49% of patients had a hemo-

globin drop larger than 100g/dL (16). For this reason management of anemia during antiviral 

treatment for chronic hepatitis C will become even more important.

Treatment induced anemia leads to dose reductions of ribavirin and a decrease in compli-

ance to therapy. In many clinical trials dose reductions of ribavirin were performed in case 

of a hemoglobin concentration < 10g/dL (20). It is however known that dose reductions can 

compromise treatment efficacy (9). Blood transfusions help to increase the haemoglobin 

levels temporarily, however multiple blood transfusions can lead to iron overload and the 

occurrence of irregular antibodies. The use of epoetin alfa during treatment with peginterferon 

alfa and ribavirin to prevent anemia has been investigated thoroughly. Addition of 40000 units 

of epoetin alfa in patients with Hb levels ≤12 g/dL lead to an increase of Hb levels with 2.8 g/

dL compared to 0.4 g/dL in the placebo arm (p<0.0001). In epoetin alfa arm in 83% of patients 

ribavirin dosages of at least 800mg could be maintained compared to 54% of patients in the 

placebo arm (67). These results were confirmed by a larger randomized trial. After 8 weeks 

of 40000 units epoetin alfa subcutaneously once weekly ribavirin dosages were maintained 

in 88% of patients compared to 60% of patients receiving placebo (p<0.001). Furthermore 

mean quality of life scores significantly improved on all domains of the linear analog scale 

assessment and on 7 of the 8 domains of the short form-36. Epoetin alfa was well tolerated 

with nausea and headache as the most common side effects (68). In a post hoc analysis of the 

same study cohort, mean health quality of life scores of patients with anemia during antiviral 

treatment were significantly lower than those of both the general population and patients who 

had other chronic conditions. Hemoglobin level increases after the addition epoetin alfa were 

strongly associated with an improved quality of life with the largest improvements in patients 

with the greatest hemoglobin increases (69). Another study investigated the effect of EPO and 

higher doses of ribavirin on SVR rates. This study contained 3 treatment arms: standard dose 

ribavirin (13.3 mg/kg) without epoetin alfa, standard dose ribavirin with epoetin alfa and high 

dose ribavirin (15.2 mg/kg) in combination with epoetin alfa. All arms were in combination 

with peginterferon alfa-2b. Patients receiving standard dose ribavirin and epoetin alfa had 

less anemia (defined as Hb 10g/dL) and less dose reductions of ribavirin. However SVR rates 

did not differ significantly between groups (29% vs. 19% in the placebo and epoetin alfa 

arm respectively). The SVR rate in patients receiving high dose ribavirin and epoetin alfa was 

significantly higher compared to the groups with standard dose ribavirin (49% vs. 29% and 
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19%, p<0.05) (70). In conclusion, the use of epoetin alfa increases quality of life and reduces 

the need for dose reductions. However, an increased SVR rate has never been shown.

Neutropenia

Peginterferon alfa induced bone marrow suppression causes a rapid decline in absolute neu-

trophil counts. The mean decline in absolute neutrophil count from baseline to nadir ranges 

from 34-68% during peginterferon alfa and ribavirin therapy. The strongest decline can be 

found in the first 4 weeks followed by a gradual stabilisation. The median time to the lowest 

neutrophil count (ANC) ranges from 4-14 weeks. Approximately 30% of patients develop an 

ANC below 750/μL and 2 to 6.5% of patients develop an ANC below 500/μL (71-74). The 

addition of boceprevir to standard of care might increase rates of neutropenia. When all the 

boceprevir containing arms are combined from the SPRINT 1 trial, the proportion of patients 

with an ANC below 750/μL is 22% compared to 15% of patients receiving standard of care 

(16). In the SPRINT 2 trial 24 and 25% of patients in the boceprevir containing arms had ANC 

between 500-750/μL compared to 14% of patients receiving standard of care. The proportion 

of patients with ANC below 500/μL was comparable between boceprevir containing arms and 

standard of care (6 and 8% vs. 4%) (28).

Current guidelines recommend dose reductions when ANC drops below 750/μL and treat-

ment discontinuation when ANC drops below 500 or 375/μL (75). These guidelines are based 

on findings of large cohort studies of infections in oncology patients receiving chemotherapy. 

These studies conclude that the risk of infection is increased in patients who develop grade 

4 neutropenia (<500/μL) with the largest risk of infection in patients with an ANC<100/μL. 

However, in these patients, other factors such as mucosal damage, the effects of commensal 

flora, and the alteration of organ function caused by the underlying disease also contribute 

to the risk of infection. In patients with chronic hepatitis C these factors are mostly absent. 

Several studies have investigated the correlation between ANC and infections. Although an 

increased incidence of infections exists during antiviral therapy, none of these studies could 

demonstrate a correlation between neutrophil counts and infections. Infection rates ranged 

from 4-23% (71-74, 76-77). Most of these infections were mild, however, some may lead to 

discontinuation of therapy or hospital admission. In one study investigating the risk factors 

for infection during antiviral treatment, older age and baseline hyperglycemia were signifi-

cantly associated with an increased risk of infection. Chronic obstructive pulmonary disease, 

compensated cirrhosis and on treatment neutropenia were not associated with an increased 

incidence of infections (72).

The use of granulocyte colony-stimulating factor has been shown to significantly increase 

leucocytes and absolute neutrophil count and thereby prevent dose reductions during treat-

ment with peginterferon alfa and ribavirin in some studies (78-80). Younossi et al. found a 

positive effect on SVR rates in patients using growth factors (darbepoetin alfa and filgrastim). 

However, this study was small and the effect on infection rate during antiviral treatment was 
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not investigated (80). Considering the fact that absolute neutrophil counts below 750/μL are 

not associated with an increased infection rate during antiviral treatment, the benefit of adding 

G-CSF to peginterferon alfa and ribavirin therapy can be questioned.

In conclusion, an increased incidence of infections exists in patients treated with peginter-

feron alfa and ribavirin, however infection risk is not correlated with the absolute neutrophil 

count and the use of growth colony stimulating factors is questionable. Changes of guidelines 

should be considered. A possible alternative guideline for neutropenia would be to maintain 

peginterferon alfa dose as long as absolute neutrophil counts remain above 375/μL in case 

the patient does not have signs of a bacterial infection. In case of an absolute neutrophil count 

below 375/μL, peginterferon alfa dose should be reduced in steps of 25% until ANC remains 

stable above 375/μL.

Thrombocytopenia

The proportion of patients developing severe thrombocytopenia (grade 3 or 4) during treatment 

with peginterferon alfa and ribavirin is not as large as patients developing neutropenia but is 

still considerable. Grade 3 thrombocytopenia (platelet count <50000/μL) occurs in 3-9% of 

patients treated with peginterferon alfa and ribavirin and a fraction of patients develops grade 

4 thrombocytopenia (platelet count <25000/μL) (4-6, 81). However, cirrhotic patients, who 

need antiviral therapy the most, are often thrombocytopenic due to increased sequestration 

of thrombocytes in the enlarged spleen and an impaired thrombopoietin production (82-83). 

Thrombocytes further decrease after initiation of therapy with peginterferon alfa and ribavirin 

due to bone marrow suppression.

Recently a study on the occurrence of thrombocytopenia and the risk of bleeding during 

peginterferon alfa and ribavirin treatment has been published. In a cohort of 321 patients 30 

patients developed grade 3 thrombocytopenia. Cirrhotic patients were more likely to develop 

grade 3 thrombocytopenia than non-cirrhotic patients (35.3% vs. 2.4%, p<0.001). A total of 

48 bleedings were observed in 27 patients. Having grade 3 thrombocytopenia was strongly 

associated with the occurrence of bleedings. However, all bleedings reported in patients with 

grade 3 thrombocytopenia or worse were classified as mild (no specific treatment or dose 

reduction of peginterferon alfa). Only 1 bleeding was defined as severe (gastrointestinal bleed-

ing with hemoglobin decline), however this bleeding occurred in a patient with a platelet count 

above 50000/μL. The authors concluded that no severe bleedings occurred in patients with 

grade 3 thrombocytopenia and peginterferon alfa/ribavirin treatment was generally safe in this 

specific group. Furthermore patients with baseline thrombocytopenia should not be excluded 

from antiviral therapy (81).

Eltrombopag, an orally active thrombopoietin-receptor agonist, has been studied in several 

diseases associated with thrombocytopenia. McHutchison et al. performed a fase 2 study to 

investigate the effect of eltrombopag in chronic hepatitis C patients with baseline thrombocy-

topenia (platelet counts between 20000 and 70000/μL). Patients were randomly assigned to 
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receive eltrombopag (30, 50 or 75mg daily) or placebo. The primary endpoint was a platelet 

count of 100000/μL or more after 4 weeks of treatment. After 4 weeks 75%, 79% and 95% 

of patients receiving 30, 50 and 75mg daily achieved the primary endpoint compared to 0% 

of patients receiving placebo. In case of platelet counts ≥ 100000 antiviral treatment with 

peginterferon alfa and ribavirin was initiated. Twelve weeks of treatment was completed in 

36%, 53% and 65% of patients receiving 30, 50 and 75 mg of eltrombopag respectively 

compared to 6% of patients receiving placebo. The authors concluded that eltrombopag 

increases platelet count in patients with cirrhosis related thrombocytopenia, thereby permit-

ting the initiation of antiviral therapy. Eltrombopag was generally safe; however, eltrombopag 

is known to cause thrombosis and cataract (84). Furthermore it is expensive and will drive up 

the costs of HCV treatment even further. Eltrombopag could be a solution for patients with 

severe thrombocytopenia; however, further studies are required to investigate the effect of 

eltrombopag on the prevention of bleeding. Furthermore one trial investigating the safety and 

efficacy of eltrombopag prior to elective invasive procedures in patients with thrombocytope-

nia was terminated early due to an unexpected number of patients developing a portal vein 

thrombosis. In conclusion, grade 4 thrombocytopenia is rare during antiviral therapy, although 

it is more common in patients with liver cirrhosis. Grade 4 thrombocytopenia is associated 

with an increase in bleedings but major bleedings almost never occur. Eltrombopag could be 

a solution for patients with grade 4 thrombocytopenia.

A possible alternative for the current guidelines for thrombocytopenia would be to maintain 

peginterferon alfa dose when platelet counts remain stable above 25000/μL as long as the 

patient does not have signs of active bleeding. Peginterferon alfa dose should be temporarily 

discontinued when platelet counts drop below 25000/μL and could be restarted at a lower 

dose when platelet counts rise above 25000/μL again.

COnClusIOn

Peginterferon alfa and ribavirin have many side effects which lead to impaired treatment 

adherence and dose reductions of both drugs. Adequate treatment of side effects is crucial in 

order to maintain the optimal doses and thereby achieve the highest chances of a success-

ful treatment outcome. Adding telaprevir or boceprevir to the current treatment regimen will 

increase chances of SVR with a possibility of shorter treatment duration. However, peginter-

feron/ribavirin will remain the backbone of anti HCV treatment for the coming decade and the 

addition of telaprevir or boceprevir will lead to an increase in adverse events and therefore 

side effect management remains crucial in order to optimize treatment adherence.
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AbstrAct

Neutropenia during treatment with peginterferon alfa and ribavirin for chronic hepatitis C (HCV) is 

a common cause for dose reductions of peginterferon alfa. These reductions are performed to 

prevent bacterial and fungal infections, which are common during HCV treatment and attributed 

to neutropenia. The aims of this study were to investigate the occurrence of infections and their 

relation to neutropenia and to find potential risk factors for infections during HCV treatment.

In this single center cohort study 2876 visits of 321 patients treated with peginterferon alfa and 

ribavirin were evaluated for neutropenia, infections, dose reductions and potential risk factors for 

infection during HCV treatment.

Baseline mean absolute neutrophil count (ANC) was 3420 cells/μL, 16 patients had baseline 

ANC below 1500 cells/μL. During treatment neutropenia defined as ANC <750 cells/μL was 

observed in 95 patients (29.7%) and ANC < 375/μL was observed in 16 patients (5%). Ninety-six 

infections were observed in 70 patients (21.8%). Thirteen infections (13.5%) were defined as 

severe. Infections were not correlated with neutropenia during treatment. Dose reductions did not 

lead to a decreased infection rate. In the multivariate logistic regression analysis age older than 

55 (OR 2.06, CI 1.19-3.56, p=0.01) and baseline hyperglycemia (OR 2.17 95% CI 1.15-4.10, 

p=0.016) were associated with an increased risk of infection during HCV treatment. Cirrhosis and 

chronic obstructive pulmonary disease (COPD) were no risk factors for infections.

Conclusion

Bacterial infections during treatment with peginterferon alfa and ribavirin are not associated with 

neutropenia. Older patients and patients with poorly controlled diabetes mellitus are more at risk 

to develop infections during HCV treatment.
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InTROduCTIOn

Chronic HCV infection is a major cause of cirrhosis, hepatolocellular carcinoma and end stage 

liver disease (1). Treatment of chronic HCV infection with peginterferon alfa and ribavirin leads 

to a sustained virological response in 42-80% of patients depending on HCV genotype (2-4). 

Unfortunately, treatment with peginterferon alfa and ribavirin is associated with many side 

effects. One of these side effects is peginterferon alfa induced bone marrow suppression 

which leads to a significant decline in blood cells, particularly in white blood cells. During 

therapy a decline of 30-50% in absolute neutrophil counts is common and approximately 

20% of patients develop neutrophil counts below 750/μL. The development of neutropenia 

is the most common cause for dose reductions of peginterferon alfa or discontinuation of 

therapy (5). These dose reductions are performed to reduce the risk of bacterial and fungal 

infections. Infections occur in 4-23% of patients and although most are mild, some may lead 

to hospital admission or discontinuation of therapy (6-10). Guidelines for dose reductions for 

neutropenia are based on studies investigating infection rates in oncologic patients receiving 

chemotherapy. In these studies the risk of infection was considered increased when neutro-

phil counts dropped below 500/μL, with the greatest risk of infection with neutrophil counts 

below 100/μL (11).

However, earlier studies investigating the correlation between neutropenia and infections 

never found a significant correlation, although grade 4 neutropenia was rare in these studies 

(7, 9, 10). Furthermore limited data is available about which factors are responsible for the 

increased incidence of bacterial and fungal infections.

For this reason we conducted a study to investigate which factors are associated with 

the occurrence of bacterial and fungal infections and to investigate the relationship between 

neutrophil counts and infections.

PATIenTs And meTHOds

Patients

In this cohort study we included all patients treated with peginterferon alfa-2a or 2b and 

ribavirin for chronic HCV infection between 2000 and 2009. Data was obtained from a total of 

321 patients treated with peginterferon alfa-2a or 2b and ribavirin. Of these patients, 218 were 

treated within a standard of care protocol. The remaining 103 patients were treated within 

clinical studies: 86 patients participated in 3 clinical trials and received standard of care with 

peginterferon alfa-2a or 2b plus weight-based ribavirin. The remaining 17 patients received 

a peginterferon induction regimen with either peginterferon alfa-2a (270-360μg weekly) for 

24 weeks or peginterferon alfa-2b (2.0-3.0μg/kg weekly) for 24 weeks followed by 48 weeks 

peginterferon alfa and daily weight based ribavirin (12). In patients who were treated within 
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a standard of care protocol peginterferon alfa dose reductions were carried out at discre-

tion of the treating physician. Patient characteristics e.g. age, physical condition, virological 

response and co-morbidities were taken into account when considering a dose reduction. 

In case of neutropenia patients were monitored more frequent. All study protocols of the 

clinical trials stated that dose reductions should be performed according to product labels: 

reduction of peginterferon alfa dose to 75% when ANC dropped below 750/μL and temporary 

discontinuation of therapy when neutrophil counts dropped below 375/μL. However, in some 

patients these guidelines were not applied and these patients were treated at the discretion of 

the treating physician as well. In patients who participated in randomized clinical trials, dose 

reductions of peginterferon alfa for neutropenia were performed according to product labels: 

reduction of peginterferon alfa dose to 75% when ANC dropped below 750/μL and temporary 

discontinuation of therapy when neutrophil counts dropped below 375/μL. Patients who 

received conventional interferon or patients with an HIV or HBV co-infection were excluded 

from the analysis. All clinical trials had approval from the local ethics committee and all 

patients who participated in these studies provided written informed consent.

Data acquisition

We obtained data on baseline characteristics gender, age, race, BMI, Metavir score, geno-

type, previous interferon based treatment, platelet count, absolute neutophil counts (ANC), 

hemoglobin, bilirubin, albumin, glucose levels, the presence of COPD, history of heroin use, 

smoking and the presence of diabetes mellitus. During therapy all patients visited the outpa-

tient clinic in 1 to 6 weeks intervals depending on study protocol and clinical condition. At 

every visit platelet counts, ANC and hemoglobin concentrations were determined and patients 

were screened for infections, dose reductions and discontinuation of therapy. Neutropenia 

was defined as a neutrophil count below 1500/μL, moderate neutropenia as <750/μL and 

severe neutropenia as <375/μL. Neutrophil counts were assessed at levels of 750/μL or 375/

μL because these levels are the usual thresholds to reduce the peginterferon alfa dose or to 

discontinue therapy. Infections were diagnosed using blood tests, cultures, urinalysis and 

X-rays. Infections were defined as mild when patients were treated with antibiotics, dose of 

peginterferon alfa was reduced or no treatment was given. Infections were defined as severe 

when patients were admitted to a hospital, treatment was discontinued or the patient died. 

Correlation between infections and ANC was done using ANC of the preceding visits.

Statistical analysis

Chi square and Fisher’s exact test were used for the comparison of dichotomous variables. 

Student t tests were used for the comparison of continuous variables. Linear logistic regres-

sion analysis was used to determine which baseline factors were associated with baseline 

neutrophil counts. To assess the risk of having neutrophil counts below 750/μL or 375/μL and 

to assess the risk of infections during treatment, multiple regression analyses were performed 
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treating each visit as an observation, with correction for the fact that each patient had mul-

tiple visits and multiple events. Neutrophil counts were analyzed as dichotomous variables 

(neutrophil counts less or more than 750μ/L and 375/μL). P<0.05 was considered statistically 

significant. All statistical tests were two-tailed. SPSS 15.0 statistical package (SPSS, Chicago, 

IL, USA) and SAS 9.2 PROC GENMOD (SAS institute, Cary, NC) with the application of the 

repeated statement were used for this analysis.

ResulTs

A total of 2876 visits of 321 patients treated with peginterferon alfa and ribavirin were included 

in the analysis. Baseline characteristics of patients are summarized in table 1. Cirrhosis was 

present in 68 patients (21%), COPD in 29 (9%) patients and diabetes mellitus in 27 (8%) 

patients.

table 1. Baseline characteristics

Number of patients 321
Age (mean, range in years) 46 (14-70)
Gender (Male/Female) 213/108
Race (N, proportion)

Caucasian 234 (73%)
Asian 42 (13%
Black 19 (6%)
Other 26 (8%)

BMI (mean, range in kg/m2) 26 (16-39)
Histology* (metavir score)

F0-1 83/265 (31%)
F2 91/265 (34%)
F3 37/265 (14%)
F4 54/265 (21%)

Diagnosis of cirrhosis by ultrasound 68/321 (21%)
HCV Genotype

1 147 (46%)
2 45 (14%)
3 110 (34%)
4 19 (6%)

Platelet count (mean, range in thousands/μ/L) 191 (23-381)
Absolute neutrophil count (mean, range in cells/μL) 3420 (640-10900)
Hemoglobin (mean, range in mmol/L) 9.2 (6.4-11.2)
COPD 29/321 (9%)
Diabetes mellitus 27/321 (8%)
History of heroin use 157/321 (49%)
Smoking 182/295 (57%)
Peginterferon induction regimen 17/321 (5%)
Peginterferon alfa 2a or 2b (a/b) 226/95
Treatment duration (median, range in weeks) 25 (3-79)

Liverbiopsies were available in 265 patients.
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Neutrophil counts

Mean neutrophil count at baseline was 3423/μL ranging from 640 to 10900/μL with 16 patients 

having neutrophil counts below 1500/μL. Caucasians had higher baseline neutrophil counts 

than non-Caucasians (3550/μL vs. 3121/μL, p=0.034) and patients with COPD had higher 

baseline neutrophil counts than patients without COPD (4247/μL vs. 3297/μL, p=0.019). 

Other initial factors which were significantly associated with low baseline neutrophil counts 

were increasing age, low platelet count, low haemoglobin and albumin concentration (uni-

variate analysis). In the multivariate analysis low platelet count (p<0.001) and haemoglobin 

concentration (p=0.03) as well as increasing age (p=0.03) were significantly correlated with 

low neutrophil counts. The presence of COPD was associated with high baseline neutrophil 

counts (p<0.001) in the multivariate analysis.

Mean neutrophil count drop was 68% (range, 0-91%) to a mean neutrophil count of 1098/

μL ranging from 170/μL to 6800/μL (fig 1). Median time of reaching lowest neutrophil count 

was 14 weeks. Neutrophil counts below 750/μL were observed in 95 patients (29.7%) and 16 

patients (5%) developed neutrophil counts below 375/μL. There was no significant difference 

in mean neutrophil count drop between patients treated with peginterferon alfa 2a and 2b: 

2417/μL vs. 2108/μL respectively (p=0.076). Patients receiving peginterferon alfa induction 

therapy did not have a larger decline in neutrophil counts than patients receiving standard 

dose (2049 vs. 2342, p=0.39). The presence of COPD (OR 0.233, 0.059-0.916, p=0.037), 
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fig. 1. ANCs during treatment with peginterferon alfa and ribavirin in patients 
(A) following a 48-week regimen (above) and (B) following a 24- week regimen (below).
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bodyweight (per 10kg, OR 0.937, 0.891-0.986, p=0.012), baseline neutrophil count (OR 0.48, 

0.332-0.695, p<0.001) and baseline platelet count (OR 0.989, 0.982-0.995, p<0.001) were 

significantly associated with not having neutrophil counts below 750/μL in the multivariate 

logistic regression analysis.

Infections

A total of 96 infections were diagnosed in 70 patients (21.8%). Types of infections are listed 

in table 2a. Infections defined as ‘other infections’ included phlebitis, meningitis (severe), and 

lymphangitis. Thirteen infections in 13 patients were defined as severe; treatment was discon-

tinued in 9 cases and 8 patients required hospital admission (table 2b). The mean age of these 

patients was 50 years (range 36-68). One patient, a 63 year old male with diabetes mellitus 

and cirrhosis developed a gastrointestinal infection followed by sepsis. Despite antibiotic 

treatment infection did not resolve and the patient died eventually.

table 2a. Type of infections in 70 of 321 (22%) patients treated with peginterferon alfa and ribavirin for chronic HCV.

Type of infection Number (%) Severe infection (%)

Urinary tract 21 (22) 2

Upper respiratory tract 19 (20) 0

Head, ears, eyes, nose or throat 21 (22) 0

Dermatological 16 (17) 1

Pulmonary 12 (13) 7

Gastrointestinal 4 (4) 2

Other 3 (3) 1

96 (100) 13 (14)

table 2b. Severe infections in 13 patients

# Sex Age Type of infection Comorbidity Lowest ANC/μL Action taken Outcome

1 M 47 Pneumonia None 6560 Disc. / adm. Resolved

2 V 68 Pyelonefritis DM / Cirrhosis 750 Disc. / adm. Resolved

3 M 49 GI infection DM 1090 Admission Resolved

4 M 38 Pneumonia None 2900 Discontinuation Resolved

5 M 63 GI infection / sepsis DM / Cirrhosis 580 Disc. / adm. Death

6 V 46 Pneumonia None 550 Admission Resolved

7 M 54 Erysipelas Cirrhosis 510 Discontinuation Resolved

8 M 58 Pneumonia COPD 3000 Discontinuation Resolved

9 M 38 Meningitis None 1280 Disc. / adm. Resolved

10 V 54 UWI / sepsis Cirrhosis 630 Disc. / adm. Resolved

11 M 43 Pneumonia COPD 1660 Discontinuation Resolved

12 V 57 Pneumonia DM / Cirrhosis / COPD 920 Admission Resolved

13 M 36 Pneumonia None 1000 Discontinuation Resolved

Disc. : Discontinuation
Adm. : Hospital admission
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Dose reductions and discontinuations

Peginterferon alfa dose was reduced 83 times in 53 patients. Per protocol dose reductions in 

patients receiving peginterferon alfa induction therapy were excluded. Dose reductions were 

performed 41 times due to neutropenia in 21 patients (6.5%), 19 times due to thrombocytopenia 

in 12 patients (3.7%) and 2 times due to anemia in 2 patients (0.6%). In 4 patients peginterferon 

alfa dose was reduced due to infections and in 17 patients for other reasons (e.g. intolerance 

and depression). Treatment was discontinued in 27 patients, in 9 patients due to infection 

and due to neutropenia in 1 patient. Patients who underwent a dose reduction, regardless of 

the reason, did not have less infections in the remaining treatment period after the reduction 

compared to patients without dose reductions: 22% (53/268) vs. 20.8% (11/53), p=0.839.

In patients with a lowest ANC <750/μL peginterferon alfa dose was reduced 33 times: 20 

times due to neutropenia and 13 times for other reasons (e.g. thrombocytopenia or intoler-

ance). One patient had an ANC>750/μL at time of reduction for neutropenia. The remaining 

62 patients did not undergo a dose reduction. Of these patients 21 patients were treated 

within a clinical trial. Median ANC at time of first reduction for neutropenia was 450/μL and 

median lowest ANC in patients without a reduction was 600/μL. Patients with neutropenia 

who underwent a dose reduction (for any reason) did not have less infections in the remaining 

treatment period after reduction compared to neutropenic patients without dose reductions: 

21.2% (7/33) vs. 25.8% (16/62), p=0.858. Median time of infection after a dose reduction was 

15 weeks (1-36 weeks).

Of these patients 16 had a lowest ANC <375/μL, in this group peginterferon alfa dose was 

discontinued in 1 patient. In 11 patients peginterferon alfa dose was reduced for neutropenia 

and in 3 patients for other reasons. One patient did not undergo a dose reduction for neutro-

penia. This patient was a 33 year old male without co-morbidities. His lowest ANC was 280/

μL and no infections occurred in this patient.

Risk factors for infections

Variables which were associated with having infections during HCV treatment are listed in 

table 3. In this univariate analysis all visits were taken into account with correction of repeated 

measurements. Age was a significant risk factor for infection in the univariate analysis (per 

10 year OR 1.42, 95% CI 1.05 – 1.92, p=0.02). The infection risk rapidly increased after the 

age of 55 years (figure 2). Forty-three patients were aged older than 55 years. Infections 

occurred in 41.9 % of these patients compared to 18.7% in patients younger than 55 years of 

age (p=0.001). Patients with diabetes mellitus (DM) had a higher infection rate than patients 

without DM (20.4% vs. 37.0%, p=0.045). However, since not all patients who were diagnosed 

with DM were hyperglycemic at baseline, we also looked at patients with baseline hypergly-

cemia, regardless of DM diagnosis. Hyperglycemia was defined as a non-fasting glucose 

concentration larger than the upper limit of normal (7.8 mmol/l). This difference was even 



Risk factors for infections during HCV treatment 43

larger (42.3% vs. 20.7%, p=0.014). Longer treatment duration was significantly associated 

with an increased risk of infection (per week OR 1.02, 95% CI 1.01 – 1.04, p=0.008).

No risk factors could be identified for severe infections. Infection rates were similar in patients 

who developed moderate neutropenia (<750/μL) compared to patients who remained above 

750/μL (21% vs. 22%, p=0.79). The infection rate after visits with neutrophil counts <750/μL 

was 3% compared to 4.2% after visits with neutrophil counts >750/μL (p=0.34). Among the 

16 patients who developed severe neutropenia (<375/μL), 19% developed an infection in the 

remaining treatment period after the occurrence of severe neutropenia compared to 22% of 

patients who did not develop severe neutropenia (p=0.76). No infections occurred during visits 

when neutrophil counts were <375/μL at the preceding visit. When only cirrhotic patients were 

included in this analysis, infection rates were similar in patients who did develop moderate and 

severe neutropenia compared to those who did not (p=0.76 and 0.42 respectively). The mean 

ANC was 2202/μL during visits with infections compared to 1750/μL during visits without infec-

tions (p=0.001). The risk of infection was equal during all treatment weeks (p=0.37) and with the 

total time of ANC <750/μL (p=0.38). The infection rate in cirrhotic patients was higher than in 

non-cirrhotic patients, however this difference was not significant (29.4% vs. 19.8%, p=0.08).

In the multivariate analysis for the risk of infections only age older than 55 years (OR 2.06, 

CI 1.19-3.56, p=0.01) and baseline hyperglycemia (OR 2.17 95% CI 1.15-4.10, p=0.016) were 

significantly associated with infections during treatment with peginterferon alfa and ribavirin.

table 3. Variables associated with infections during peginterferon and ribavirin treatment. With correction for 
repeated measurements.

Variables Odds ratio (95% CI) P

Age (per 10 years) 1.42 (1.05 – 1.92) 0.02
Age older than 55 2.48 (1.45 – 4.25) 0.001

Sex (female) 1.42 (0.70 – 1.98) 0.54

BMI (kg/m2) 1.02 (0.97 – 1.08) 0.47

Weight (kg) 1.00 (0.99 – 1.02) 0.77

Caucasian vs. Non Caucasian 0.72 (0.43 – 1.08) 0.22

COPD 1.54 (0.77 - 3.02) 0.21

Cirrhosis 1.29 (0.75 – 2.21) 0.36

Diabetes mellitus 2.29 (1.00 – 5.27) 0.045

Smoking 1.16 (0.67 – 1.98) 0.6

Peginterferon alfa 2a vs. 2b 1.14 (0.67 – 1.99) 0.63

Baseline hyperglycemia 2.55 (1.31 – 4.97) 0.006

Neutrophil count at time of infection 2.11 (1.34 – 3.34) 0.001

Neutrophil count (<750/μL) at visit prior to infection 0.70 (0.34 – 1.44) 0.33

Neutrophil count (<750/μL) two visits prior to infection 1.19 (0.66 – 2.14) 0.55

Cumulative time of ANC <750/μL (per 4 weeks) 1.05 (0.94 – 1.18) 0.38

Total treatment duration (weeks) 1.02 (1.01 – 1.04) 0.008

Treatment week 1.01 (0.99 – 1.02) 0.37
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dIsCussIOn

This cohort study gives a detailed description of risk factors for infections during antiviral 

therapy other than neutropenia. Furthermore this is the largest study to date investigating the 

correlation between neutropenia and infections with a large amount of patients having grade 

4 neutropenia (<500/μL).

In this cohort of 321 patients treated with peginterferon alfa and ribavirin for chronic hepa-

titis C we found 96 infections in 70 patients (22 %). Thirteen infections were defined as severe 

and one patient died. Patients who developed moderate or severe neutropenia did not have 

higher rates of infections than patients without neutropenia. These results are comparable with 

the results of other studies investigating the relationship between absolute neutrophil counts 

and infections (6-10). In these studies infection rates ranged from 4.3 to 29.7% of patients and 

also no correlation between absolute neutrophil counts and infections was found. However, 

the percentage of patients with grade 3 or 4 neutropenia was much higher in our cohort. This 

effect might be caused by the low amount of dose reductions for neutropenia executed in this 

cohort (6.5% of all patients) and the inclusion of patients with baseline neutropenia. To date 

product labels of peginterferon alfa and many guidelines for HCV treatment still recommend 

dose reductions of peginterferon alfa when absolute neutrophil counts drop below 750/μL and 

discontinuation of therapy when absolute neutrophil counts drop below 500 or 375/μL. These 

recommendations are to prevent bacterial or fungal infections. It is known that dose reduc-

tions compromise treatment efficacy and especially for difficult-to-treat patients maintaining 

optimal peginterferon alfa dose is most crucial (13, 14).

In this cohort patients with neutropenia who underwent a dose reduction did not have 

fewer infections than neutropenic patients without dose reductions. However these results 

should be interpreted with caution because dose reductions were performed at discretion of 

fig. 2. Risk of infection according to age. A rapid increase was seen in patients >55 years of age.
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the treating physician. Patients who underwent dose reductions could therefore be more at 

risk to develop infections.

Guidelines for dose reductions are based on findings of large cohort studies of infections in 

oncologic patients receiving chemotherapy. These studies conclude that the risk of infection 

is increased in patients who develop grade 4 neutropenia (<500/μL) with the greatest risk of 

infections in patients with absolute neutrophil counts <100/μL (11, 15-18). However, in these 

patients, other factors such as mucosal damage, the effects of commensal flora and altera-

tion of organ function caused by the underlying disease, play an important role in the risk of 

infection as well. These factors are absent in clinically stable patients with chronic hepatitis C. 

Based on these facts it is reasonable to assume that HCV patients receiving antiviral treatment 

are less immunocompromised than oncologic patients receiving chemotherapy. Furthermore 

from the results of our study and other studies we can conclude that the level of neutropenia 

induced by treatment with peginterferon alfa and ribavirin in chronic HCV patients is not 

associated with an increased risk of bacterial and fungal infections.

Still, an increased incidence of infections does exist in patients receiving antiviral treatment 

with peginterferon alfa/ribavirin combination therapy. And although not related to absolute 

neutrophil counts, there must be a cause of the increased infection rate. One hypothesis is 

that peginterferon alfa alters neutrophil function. Giorgini and colleagues investigated neu-

trophil function during HCV treatment (19). An increase in oxidative burst and chemotaxis of 

neutrophils during treatment compared to baseline was demonstrated. To date, limited data 

are available on this subject and more studies are required to explore the effects of interferon 

on neutrophil function.

We also investigated patient characteristics which might contribute to the risk of infection. 

Cirrhotic patients had more infections than non cirrhotic patients, although the difference was 

small and not significant. This might be due to the fact that only patients with compensated 

cirrhosis were treated. These results are in agreement with the results of the groups of Cooper 

and Antonini (6, 7). Both studies did not find an increased infection risk in patients with Child A 

cirrhosis. Others found an increased rate of infections in cirrhotic patients; 3 out of 20 cirrhotic 

patients (15%) compared to 6 out of 187 non cirrhotic patients. Both the numbers of cirrhotic 

patients and infections however, were small in this study. Carrion et al. investigated the safety 

and efficacy of treatment with peginterferon alfa and ribavirin in patients with child B & C cir-

rhosis awaiting liver transplantation. They found a high incidence of severe bacterial infections 

and their conclusion was to avoid antiviral therapy in patients with Child B & C cirrhosis (20).

There was a very strong correlation between age and the risk of infection. Risk of infections 

remained stable until approximately the age of 55 and then rapidly increased (figure 2). This 

phenomenon can be explained by the decline in immune function seen with aging. Both the 

innate and the adaptive immunity are affected. For neutrophils particularly, the phagocytic 

ability and superoxide production are reduced in elderly patients (21).
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At last, we investigated the effect of diabetes mellitus on the occurrence of infections. 

We found a significant higher infection rate in patients diagnosed with diabetes mellitus. We 

also investigated the infection rate in patients with baseline hyperglycemia regardless of the 

diagnosis of diabetes mellitus. In this group of patients the infection rate was even larger. This 

can be explained by the fact that besides the vascular insufficiency, which is often present in 

diabetic patients, high glucose levels can lead to an impaired leukocyte function. Chemotaxis, 

phagocytosis, intracellular bacterial activity, cell-mediated immunity, opsonisation and adher-

ence to vascular endothelium are all depressed in diabetic patients with hyperglycemia (22, 23).

In conclusion, levels of neutropenia induced by peginterferon alfa are not associated with an 

increased risk of infection in patients with compensated HCV infection. Recommendations in 

guidelines and product labels might therefore be overly cautious. Elderly patients and patients 

with poorly controlled glucose levels are more at risk to develop infections during treatment 

with peginterferon and ribavirin, therefore caution is warranted in these patient groups.
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AbstrAct

Background

Chronic HCV patients with baseline thrombocytopenia are often excluded from treatment with 

peginterferon alfa and ribavirin or undergo many dose reductions of peginterferon alfa. The aim 

of this study was to investigate the correlation between thrombocytopenia and the occurrence of 

bleedings during antiviral treatment for HCV infection.

Methods

In this single center cohort study 2876 visits of 321 patients treated with peginterferon alfa and 

ribavirin were evaluated for thrombocytopenia, bleedings and dose reductions during HCV treat-

ment.

Results

Mean platelet count at baseline was 207000/μL for non-cirrhotic patients (n= 253) and 132000/

μL for cirrhotic patients (n= 68). Mean platelet drop was 42% from 191000 to 113100/μL (range 

8000-284000/μL). Severe thrombocytopenia (platelet counts <50000/μL) was observed in 30 

patients (9.3%) at 166 visits and 9 patients developed platelet counts <25000/μL at 15 visits. 

Forty-eight bleedings were observed in 27 patients (8.4%). Only 1 bleeding, due to gastrointestinal 

angiodysplasia, was defined as severe. However, this patient did not have severe thrombocytope-

nia at time of bleeding. During visits, patients reported more minor bleedings when platelet counts 

were <50000/μL compared to visits with platelet counts ≥50000/μL (11.4% vs. 1.1%, P<0.001). 

In the multivariate analysis only platelet count <50000/μL was a significant predictor of bleeding 

(p<0.001).

Conclusion

Severe bleedings did not occur in patients with platelet counts below 50000/μL; based on these 

findings, treatment with peginterferon alfa and ribavirin appears to be safe in patients with platelet 

counts below 50000/μL although platelet counts below 25000/μL were rare.
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InTROduCTIOn

Chronic HCV infection is a major cause of cirrhosis, hepatolocellular carcinoma and end 

stage liver disease (1). HCV treatment with peginterferon alfa and ribavirin leads to sustained 

virological responses in 42-80% of patients depending on HCV genotype (2-4). Unfortunately, 

treatment with peginterferon alfa and ribavirin is associated with many side effects (5). One 

of these side effects is thrombocytopenia which accounts for a considerable number of 

peginterferon alfa dose reductions to prevent (major) bleedings (5, 6). These dose reductions 

compromise treatment efficacy (7, 8). Product labels of peginterferon alfa advise to reduce 

peginterferon alfa dose when platelet counts drop below 50000/μL (grade 3 thrombocytopenia) 

and to stop treatment when platelet counts drop below 25000/μL (grade 4 thrombocytopenia). 

Furthermore, patients with baseline platelet counts below 80000/μL are often excluded from 

antiviral therapy. Unfortunately cirrhotic patients, who need antiviral therapy the most, are 

often thrombocytopenic and therefore excluded from antiviral therapy or undergo many dose 

reductions. It is however questionable whether a platelet count of 50000/μL is an appropriate 

threshold to reduce the peginterferon alfa dose. Studies investigating the threshold for platelet 

transfusion in patients with acute leukemia receiving induction chemotherapy concluded that 

the risk of major bleeding in clinically stable patients was only increased when platelet counts 

dropped below 10000/μL, or even below 5000/μL (9). While platelet counts lower than 20000/

μL are very rare during treatment with peginterferon alfa and ribavirin. To date, limited data 

is available about the clinical significance of thrombocytopenia and the risk of bleeding dur-

ing treatment with peginterferon alfa and ribavirin. For this reason we conducted a study 

to assess the risk of (major) bleedings and their association with thrombocytopenia during 

antiviral treatment for chronic hepatitis C with peginterferon alfa and ribavirin.

PATIenTs And meTHOds

Patients

In this study we included all patients treated with peginterferon alfa-2a or 2b and ribavirin 

between 2000 and 2009. Data was obtained from 218 patients treated with peginterferon 

alfa-2a or 2b and ribavirin within a standard of care protocol. In addition, 103 patients treated 

within clinical studies were included in the analysis: 86 patients participated in 3 clinical trials 

and received standard of care with peginterferon alfa-2a or 2b plus weight-based ribavirin. 

The remaining 17 patients received a peginterferon induction regimen with either peginter-

feron alfa-2a (270-360μg weekly) for 24 weeks or peginterferon alfa-2b (2.0-3.0μg/kg weekly) 

for 24 weeks followed by 48 weeks peginterferon alfa and daily weight based ribavirin (10). 

During therapy all patients visited the outpatient clinic in 1 to 6 weeks intervals depending on 

study protocol and clinical condition. At every visit platelet counts, absolute neutrophil counts 
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(ANC) and hemoglobin concentrations were determined and patients were asked if bleeding 

had occurred in the period from their last outpatient clinic visit. In patients who participated 

in randomized clinical trials, dose reductions of peginterferon alfa for thrombocytopenia were 

performed conform product labels: reduction of peginterferon alfa dose to 75% when platelet 

counts dropped below 50000/μL and temporary discontinuation of therapy when platelet 

counts dropped below 25000/μL. In patients who were treated within a standard of care proto-

col peginterferon alfa dose reductions were carried out at discretion of the treating physician. 

In general the product labels were followed, although in some patients peginterferon alfa dose 

was maintained when platelet counts remained stable above 25000/μL. Patients who received 

conventional interferon or patients with an HIV or HBV co-infection were excluded from the 

analysis. All clinical trials had approval from the local ethics committee and all patients who 

participated in these studies provided written informed consent.

Data acquisition

We obtained data on baseline characteristics gender, age, race, BMI, Metavir score, genotype, 

previous interferon based treatment, platelet counts, absolute neutrophil counts, hemoglobin, 

bilirubin and albumin concentrations, the presence of hemophilia, the use of anticoagulants 

and antiplatelet therapy. Thrombocytopenia was defined as a peripheral platelet count below 

150000/μL. During therapy thrombocytopenia was assessed at levels of 50000 and 25000/μL, 

since these levels are the usual thresholds for dose reductions or discontinuation of pegin-

terferon alfa / ribavirin therapy. Bleedings were defined as minor (no specific treatment or 

dose reduction) or severe (hospital admission, requirement of platelet transfusion, permanent 

disability or death).

Statistics

Chi square and Fisher’s exact test were used for the comparison of dichotomous variables. 

Student t tests were used for the comparison of continuous variables. We performed a linear 

logistic regression analysis to determine which baseline factors were influencing baseline 

platelet counts. To assess the risk of having platelets counts below 50000/μL and the risk of 

bleeding during treatment, multiple regression analyses were performed treating each visit 

as an observation. Then we corrected for the fact that each patient had multiple visits and 

multiple events. Platelet counts were both analyzed as continuous and dichotomous variables 

(platelet count less or more than 50000μ/L). P <0.05 was considered statistically significant. 

All statistical tests were two-tailed. SPSS 15.0 statistical package (SPSS, Chicago, IL, USA) 

and SAS 9.2 PROC genmod (SAS institute, Cary, NC) with the application of the repeated 

statement were used for this analysis.
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ResulTs

A total of 321 patients treated with peginterferon alfa and ribavirin were included in the analy-

sis. Of these patients 2876 visits during treatment were recorded. The mean time between 

visits was 4.1 weeks. Baseline characteristics of patients are summarized in table 1. Cirrhosis 

was present in 68 patients (21%).

Platelet counts at baseline

Data on baseline platelet counts were available in 303 patients. Mean platelet count at 

baseline was 191000/μL, ranging from 23000-381000/μL with 14 patients having baseline 

platelet counts below 80000/μL. Cirrhotic patients had lower baseline platelet counts than 

non-cirrhotic patients (207000/μL vs. 132000/μL, respectively (p<0.001)). Males had lower 

platelet counts than females 184000μ/L vs. 204000/μL (p=0.009). Furthermore baseline 

platelet counts were significantly correlated with baseline neutrophil counts, baseline bilirubin 

table 1. Baseline characteristics

Number of patients 321

Age (mean, range in years) 46 (14-70)

Gender (Male/Female) 213/108

Race (N, proportion)

Caucasian 234 (73%)

Asian 42 (13%

Black 19 (6%)

Other 26 (8%)

BMI (mean, range in kg/m2) 26 (16-39)

Histology (metavir score)

F0-1 91/289 (32%)

F2 94/289 (33%)

F3 37/289 (12%)

F4 68/321 (21%)

HCV Genotype

1 147 (46%)

2 45 (14%)

3 110 (34%)

4 19 (6%)

Platelet count (mean, range in thousands/μL) 191 (23-381)

Absolute neutrophil count (mean, range in cells/μL) 3420 (640-10900)

Hemoglobin (mean, range in mmol/L) 9.2 (6.4-11.2)

Prothrombin time (mean, range in sec) 12.8 (9.3–40.9)

Albumin (mean, range in gram/L) 43.5 (31–52)

Total bilirubin (mean, range in μmol/L) 11 (2-34)

Use of anticoagulants 15 (5%)

The presence of hemophilia 17 (5%)

Peginterferon induction regimen 17 (5%)

Peginterferon alfa 2a or 2b (a/b) 226/95

Treatment duration (median, range in weeks) 25 (3-79)



C
ha

p
te

r 
3

54

and albumin concentrations and prothrombin time. In the multivariate analysis only the pres-

ence of cirrhosis (p<0.001) and male gender (p=0.033) were significantly correlated with low 

platelets at baseline.

Changes in platelet counts during treatment

Platelet counts decreased by an average of 42% (SD 17%) from 191000 to 113100/μL, rang-

ing from 8000 to 284000/μL (figure 1). Median time of reaching lowest platelet count was 12 

weeks after initiation of treatment. As expected, patients with high baseline platelet counts 

had larger absolute platelet drops. However, relative decreases did not differ significantly. 

Patients treated with peginterferon alfa-2a had a larger decrease in platelet counts compared 

to patients treated with peginterferon alfa-2b, 82800/μL vs. 66300/μL (p=0.002). There was no 

difference in platelet drop between patients treated with an induction regimen or a standard 

dose of peginterferon (74000/μL vs. 78100/μL, p=0.696). In the multivariate analysis high 

baseline platelet count (p<0.001) and peginterferon alfa 2a (p<0.001) were significantly cor-

related with the decline in platelet counts.

Platelet counts below 150000/μL were observed during 1600 visits in 251 patients (78.2%) 

and 135 patients (42.1%) developed a platelet count below 100000/μL in 733 visits. Grade 3 

thrombocytopenia defined as a platelet count below 50000/μL was observed during 166 visits 

in 30 patients (9.3%), and 9 patients (2.8%) had a platelet count below 25000/μL (grade 4) 

during 15 visits (table 2). Rates of platelet counts below 50000/μL were significantly higher 

in cirrhotic patients compared to non-cirrhotic patients (35.3% vs. 2.4% (P<0.001)). In the 

multivariate analysis baseline platelet count and cirrhosis were associated with having at least 

one platelet count below 50000/μL (per 10000/μL; OR 0.931, CI 0.895-0.968, p<0.001 and OR 

15.906, CI 1.005-34.694, p=0.049).
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fig. 1. Changes in platelet counts during treatment with peginterferon alfa and ribavirin of all patients.
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Patients with baseline platelet counts below 80000/μL

Fourteen patients had baseline platelet counts below 80000/μL (range 23000-79000). The 

patient with a baseline platelet count of 23000/μL had been treated with peginterferon alfa and 

ribavirin before; this treatment was discontinued due to osteomyelitis of the mandibula. Dur-

ing his first treatment platelet counts were low but remained stable, for this reason retreatment 

was initiated. The other 13 patients had baseline platelet counts between 50000-80000/μL. 

Platelets dropped to a median platelet count of 26500/μL (figure 2). One patient had a platelet 

count drop to 8000/μL, this patient was treated with a platelet transfusion and treatment was 

discontinued. This 35 year old female patient had a history of bone marrow transplantation 

because of acute myeloid leukaemia after which she developed chronic persistent thrombo-

cytopenia.

Four of 14 patients (29%) with baseline platelet counts below 80000/μL achieved SVR and 

5 had minor bleedings, no severe bleedings occurred.

table 2. Platelet counts and the occurrence of bleedings during treatment with peginterferon and ribavirin

Platelet count / μL Number of patients* (%) Number of 
visits**

Number of visits with 
bleedings (%)

> 150000 70 (21.8) 1200 6 (0.5)

100000 – 150000 116 (36.1 ) 867 9 (1.0)

50000 – 100000 105 (32.7 ) 567 14 (2.5)

25000 – 50000 21 (6.5 ) 151 14 (9.3)

< 25000 9 (2.8) 15 5 (33.3)

*Number of patients with lowest platelet count in platelet category
** Platelet counts were missing at 76 visits

60

80

100

120

Pl
at

el
et

 c
ou

nt
s 

x 
10

9 /l

Treatment

0

20

40

0 2 4 8 12 16 20 24 28 32 36 40 44 48 FU
Time (weeks)

Pl
at

el
et

 c
ou

nt
s 

x 
10

fig. 2. Platelet count drops during treatment of all 14 patients with baseline platelet counts <80,000/ll. Platelet 
counts remained above 20,000/ll except for one patient. This patient was a young female with a history of bone 
marrow transplantation.
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Reductions and discontinuations

Peginterferon alfa dose was reduced 19 times due to thrombocytopenia in 12 patients (3.7%). 

Median platelet count at time of first reduction was 35000/μL (range 8000-59000/μL). Median 

time until first reduction was 7 weeks (range 2-19 weeks) after initiation of treatment. In 18 

patients (5.6%) with platelet counts below 50000/μL no dose reductions of peginterferon alfa 

were performed. In these patients platelet counts remained stable between 25000 and 50000/

μL. In 2 patients, treatment with peginterferon alfa and ribavirin was discontinued due to 

thrombocytopenia; one patient had persistent thrombocytopenia despite of dose reductions, 

the other is mentioned above. One patient discontinued treatment due to severe bleeding/

anaemia (see below).

Bleedings

A total of 48 bleedings were observed in 27 patients during antiviral treatment. Types of bleed-

ing are shown in table 3. All bleedings were defined as mild except for one gastrointestinal 

bleeding. In this patient, five weeks after initiation of antiviral treatment haemoglobin concen-

tration dropped from 5.7 mmol/l to 2.6 mmol/l in two weeks time. Platelet counts were 67000/

μL and 65000/μL respectively. He was admitted to the hospital and was treated with a blood 

transfusion. Antiviral treatment was discontinued. Several angiodysplastic abnormalities were 

found in the jejunum on double balloon enteroscopy. After successful treatment with APC, 

retreatment was initiated without any significant bleedings.

Bleedings were more often reported during visits with platelet counts below 50000/μL than 

during visits with platelet counts ≥ 50000/μL, 11.4% vs. 1.1% (p<0.001). Mean platelet count at 

time of bleeding was 80800/μL (range 8000-262000/μL) compared to 144800/μL (21000-422000/

μL) during visits when no bleeding occurred (p<0.001). Cirrhotic patients had more bleedings 

than non-cirrhotic patients; 19.1% vs. 5.5% (p<0.001). Two patients had platelet counts below 

20000/μL at 3 visits, during all these visits bleeding was reported (epistaxis and gingival bleeding). 

Variables that were associated with the risk of bleeding are listed in table 4. The occurrence of 

bleeding was not influenced by treatment duration (p=0.45). The effect of platelet counts (squared) 

on the risk of bleeding is plotted in figure 3. In the multivariate analysis only platelet count <50000/

μL was significantly associated with the risk of bleeding (OR 7.51, CI 2.17-26.0, p=<0.001).

table 3. Type of bleeding in 27 out of 321 patients treated with peginterferon and ribavirin

Type of bleeding Number (%) Severe bleeding

Epistaxis 25 (52) 0

Gingival 13 (27) 0

Hematoma 4 (8) 0

Gastrointestinal 2 (4) 1

Hyper menorrhea 2 (4) 0

Vaginal 2 (4) 0

Total 48 (100) 1
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dIsCussIOn

This cohort study is the first to investigate the risk of bleedings and their relation with platelet 

counts during treatment with peginterferon alfa and ribavirin. In this cohort of 321 patients 

treated with peginterferon alfa and ribavirin we found a mean platelet drop of 42%. Thirty 

patients (9.3%) had platelet counts below 50000/μL and only two patients had platelet count 

below 20000/μL. Forty-eight bleedings were observed in 27 patients. All bleedings but one 

were minor and the only severe bleeding occurred in a patient without severe thrombocytope-

nia. Although there was a strong relationship between platelet counts and the occurrence of 

fig. 3. The risk of bleeding according to platelet counts during therapy.

table 4. Odds ratios for the occurrence of bleedings during treatment (univariate analysis)

Variable OR (CI 95%) P value

Age (10 years) 1.30 (0.92-1.84) 0.14

BMI (kg/m2) 0.95 (0.85-1.07) 0.39

Female gender 1.67 (0.67-4.13) 0.27

Caucasian vs. non Caucasian 0.78 (0.29-2.06) 0.61

Cirrhosis 4.71 (1.93-11.5) 0.0007

Peginterferon alfa 2b vs. 2a 0.48 (0.19-1.24) 0.13

Use of anti coagulants 1.59 (0.21-11.8) 0.65

Pre-treatment albumin (gram/L) 0.84 (0.76-0.94) 0.0015

Pre-treatment prothrombin time (sec) 1.07 (0.98-1.17) 0.13

Pre-treatment bilirubin (mmol/L) 1.09 (1.05-1.14) <0.0001

Platelet count squared
(per 10000/μL decrease)

1.51 (1.24-1.85) <0.0001

Platelet count < 50000/μL 7.51 (2.17-26.0) 0.0001

Treatment duration (months) 0.97 (0.89-1.05) 0.45

Odds ratios adjusted for treatment duration were similar.



C
ha

p
te

r 
3

58

minor bleedings (figure 3), no major bleedings occurred in patients with platelet counts below 

50000/μL.

Earlier studies reported a 30-50% drop in platelet counts after initiation of treatment with 

peginterferon alfa and ribavirin. Approximately 3-6% of patients developed platelet counts 

below 50000/μL during treatment (2-4). Except for the report of two serious bleedings in 

one study (3), no data is available on bleedings during treatment with peginterferon alfa and 

ribavirin.

To prevent (major) bleedings, product labels recommend dose reductions when platelet 

counts fall below 50000/μL and discontinuation of peginterferon alfa when platelet counts fall 

below 25000/μL. Dose reductions however, compromise treatment efficacy and especially 

for patients infected with genotype 1, maintaining the optimal peginterferon alfa and ribavirin 

dose is crucial for achieving a sustained virological response (7, 8). In this cohort 12 of 30 

patients with platelet counts below 50000/μL underwent a dose reduction or discontinuation 

of peginterferon alfa dose. In the remaining 18 patients, who were treated outside of clinical 

trials, peginterferon alfa dose was maintained at discretion of treating physician. In these 

patients virological response and stability of platelet counts were also taken into account 

when a dose reduction was considered. A possible alternative for the current guideline would 

be to maintain peginterferon alfa dose when platelet counts remain stable above 25000/μL 

and to temporarily discontinue when platelet counts drop below 25000/μL. Peginterferon alfa 

could be restarted at a lower dose when platelet counts rise above 25000/μL again. However, 

confirmation of our findings by larger cohort studies or prospective randomised controlled 

trials is needed before revision of the current guidelines would be taken into consideration.

Furthermore, some cirrhotic patients for whom viral clearance is most crucial, have very 

low baseline platelet counts (<80000/μL) caused by splenomegaly and impaired thrompoietin 

production (11, 12). These patients are often excluded from antiviral therapy or undergo many 

dose reductions. In our study fourteen patients had baseline platelet counts below 80000/μL 

of whom 12 patients had proven cirrhosis. None of these patients developed platelet counts 

below 20000/μL. Minor bleedings occurred in five patients and four patients achieved SVR. 

These patients would have been excluded from antiviral therapy when current guidelines 

would have been followed.

In this study major bleedings did not occur in patients with grade 3 or 4 thrombocytopenia. 

These results are supported by other studies investigating the relation between bleedings 

and platelet counts (9, 13-17). The first study investigating the quantitative correlation 

between platelet counts and bleedings in patients undergoing intensive chemotherapy for 

acute leukaemia showed that that serious bleedings were rare with platelet counts above 

20000/μL (17). Other studies investigating the threshold for platelet transfusions in patients 

receiving chemotherapy for acute leukaemia showed that the risk of major bleedings was not 

increased when platelet counts remained above 5000/μL in clinically stable patients. In fact, 

major bleedings were not only related to platelet counts but primarily to other risk factors 
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for bleeding associated with chemotherapy such as disseminated intravascular coagulation 

(DIC), sepsis and heparin therapy (9, 13-15). In a similar study investigating the threshold 

for platelet transfusions in patients with gynaecologic malignancies, no major bleedings 

were observed in 32 patients with 100 episodes of severe thrombocytopenia (platelet count 

<20000/μL). Minor bleeding occurred in 27% of episodes with severe thrombocytopenia. The 

most likely explanation for the absence of major bleedings is that these patients did not have 

any risk factor for bleeding such as DIC, sepsis or heparin therapy (16). Although oncologic 

patients receiving chemotherapy are not entirely comparable with chronic HCV patients, it 

is reasonable to assume that HCV patients without decompensated cirrhosis do not have a 

larger bleeding risk than these patients.

To date, studies are carried out to evaluate the effect of a new orally active thrombopoietin-

receptor agonist, eltrombopag. In the first study, patients with platelet counts between 

20000 and 70000/μL received a pre-treatment with eltrombopag to facilitate treatment with 

peginterferon alfa and ribavirin. Platelet counts increased in a dose dependent manner. After 

antiviral therapy was initiated, platelet counts decreased but remained above baseline values 

(18). Eltrombopag was generally safe, it is however known to cause cataract and thrombosis. 

Furthermore it is expensive and the already high costs of HCV treatment will be driven up even 

further. Although eltrombopag could be a solution for patients with severe thrombocytopenia, 

further studies are required to investigate the effect of eltrombopag on the prevention of 

bleeding.

In conclusion, no severe bleedings occurred in patients with platelet counts below 50000/

μL treated with peginterferon alfa and ribavirin for chronic hepatitis C. Based on these results 

HCV treatment of patients with platelet counts below 50000/μL appears to be safe although 

the number of patients with platelet counts below 25000/μL was low. Second, HCV treatment 

was safe in patients with baseline thrombocytopenia and based on these results they should 

not be excluded from antiviral therapy. However, larger studies are needed to confirm the 

findings of this study.
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AbstrAct

Background

The development of more sensitive HCV RNA assays may necessitate re-evaluation of stopping 

rules, e.g. HCV RNA-negativity at week 24 during treatment with peginterferon alfa and ribavirin 

for chronic hepatitis C. The aim of this study was to assess discordance between week 24 HCV 

RNA test results of two Polymerase Chain reaction (PCR) based assays (Amplicor and TaqMan) 

and the Transcription Mediated Amplification (TMA) HCV RNA qualitative assay.

Methods

Eighty-nine week 24 samples which were negative using PCR based assays during treatment 

were retested with the TMA qualitative assay to investigate discordance between tests results. All 

week 24 samples were HCV RNA negative by Amplicor or by TaqMan.

Results

Forty-six out of 89 (52%) patients achieved sustained virological response (SVR). Viral break-

through or relapse occurred in 43 patients (48%). All 89 HCV RNA negative week 24 samples 

were retested with the qualitative TMA assay. Eleven out of 89 samples had detectable HCV 

RNA (12%). All patients with detectable HCV RNA experienced breakthrough or relapse (negative 

predictive value (NPV) 100%). Forty-six of 78 patients with undetectable HCV RNA at week 24 

using the TMA assay achieved SVR. This resulted in a positive predictive value (PPV) of 59% for 

the TMA assay compared to a PPV of 52% of the PCR based assays.

Conclusion

All patients with detectable HCV RNA at week 24 using the TMA assay eventually relapsed. Based 

on these results the use of this more sensitive HCV RNA assay could lead to the prevention of 

unnecessary treatment
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InTROduCTIOn

The current standard treatment for chronic hepatitis C (HCV) is a 24 or 48 week regimen with 

peginterferon alfa and ribavirin (1-3) (PEGIFN/RBV). This treatment regimen is being monitored 

by determination of HCV RNA levels before, during and after HCV treatment. Quantitative HCV 

RNA assays are carried out to assess the viral load at baseline and at week 12. Qualitative 

assays are being performed to determine whether HCV RNA is undetectable at week 24, at 

the end of treatment (EOT) and 24 weeks after EOT. Current guidelines recommend discon-

tinuation of therapy if HCV RNA decline is less than 2 logs at week 12 or when HCV RNA is still 

detectable at week 24 of therapy. These recommendations are based on negative predictive 

values (NPV) of nearly 100% of a less than 2 log drop at week 12 and HCV RNA-positivity at 

week 24 (3-6).

The most commonly used techniques for the detection of HCV RNA are target amplification 

as applied in PCR and transcription mediated amplification (TMA) (7-8). Two examples of PCR 

based assays which are often used for the detection of HCV RNA during treatment are the 

COBAS® AmpliPrep/ COBAS® AMPLICOR HCV TEST V2.0, lower limit of detection (LLOD) 

20 IU/ml (Amplicor) and the COBAS® AmpliPrep/ COBAS® TaqMan® HCV test v1.0, LLOD 

15 IU/ml (TaqMan) (9-10). Both tests are from Roche Diagnostics, Almere, the Netherlands. 

Detectable HCV RNA with these PCR based assays at week 24 will lead to discontinuation of 

therapy. There is a however a significant amount of patients with undetectable HCV RNA at 

this time point who will eventually have a viral relapse after completion of therapy (4).

The LLOD of the VERSANT® TMA HCV RNA qualitative assay (Siemens Medical Solu-

tions Diagnostics, Eindhoven, The Netherlands) is lower (5.3 IU/ml) than the LLOD of the PCR 

based assays (15-20 IU/ml) (11). These differences in LLOD could lead to discordance in week 

24 HCV RNA test results and thus in differences between PPVs. Furthermore it is unclear 

whether a negative test result at week 24 obtained by the TMA assay has the same NPV as a 

negative test result obtained by the less sensitive PCR based assays. In case of comparable 

NPVs, the most sensitive assay would prevent PEG-IFN/RBV related side effects and costs 

associated with treatment due to unnecessary continuation of HCV therapy.

For this reason we retested week 24 HCV RNA samples that had been tested during antivi-

ral therapy with the PCR based assays Amplicor or TaqMan with a qualitative HCV RNA assay 

to investigate discordance between test results and to determine the negative predictive value 

of the TMA.
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meTHOds

Sample selection

A total of 89 week 24 samples were included in the analysis. Week 24 samples of 77 patients 

were selected from a single center cohort of 321 patients with chronic hepatitis C treated with 

PEGIFN/RBV between 2000 and 2009 (12-13). The remaining 12 samples were selected from 

a cohort study investigating continuous interferon alfa-2b administration in combination with 

ribavirin. All selected patients received a 24, 48 or 72 week treatment regimen depending 

on HCV genotype, viral load, response and previous treatment. Selected patients were HCV 

RNA positive at week 4 and HCV RNA negative at week 24 of treatment. Serum samples 

dated from 2001 through 2009 and were all stored frozen at -80 ˚C. During therapy HCV RNA 

was determined using the Amplicor and the TaqMan. Serum sample testing was performed 

according to the manufacturer’s instructions.

Retesting HCV RNA with the VERSANT TMA HCV RNA qualitative assay

All 89 PCR negative week 24 samples were retested with the TMA assay according to the 

manufacturer’s instructions. The sensitivity is independent of the different HCV genotypes. 

The principle is based on amplification of target RNA, afterwards 1 detection probe per copy 

RNA is bound. The assay needs 500 ml plasma or serum, the lower detection limit is 5.3 IU/ml. 

Specificity of this assay of 99.6% minimizes the risk of false positive results (11).

Statistical analysis

Prediction of therapy outcome was done by using NPV and PPV. PPVs of week 24 HCV RNA 

negativity were calculated using all patients, including patients with undetectable HCV RNA 

at week 12 of treatment.

ResulTs

Samples

A total of 89 week 24 samples were included in the analysis. Baseline characteristics of 

patients are summarized in table 1. Fifty-five patients (61.8%) had genotype 1, 5 (5.6%) had 

genotype 2, 20 (22.5%) had genotype 3 and 9 patients (10.1%) had genotype 4. All patients 

were HCV RNA-positive at week 4 of antiviral treatment. At week 12, 23 patients were HCV 

RNA-negative by PCR, 49 patients were positive but did not have quantifiable HCV RNA and 

11 patients had quantifiable HCV RNA ranging from 630 to 12300 IU/ml. In 6 patients week 12 

HCV RNA was missing. All patients were HCV RNA-negative at week 24 of antiviral treatment 

tested with the Amplicor (77 patients) and Taqman (12 patients) PCR tests. Virological break-
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through or relapse occurred in 43 patients (48%) and 46 patients (52%) achieved an SVR. 

Nineteen patients were treated for 24 weeks, 65 for 48 weeks and 5 patients for 72 weeks.

Retesting with the TMA HCV RNA qualitative assay

All 77 week 24 HCV RNA samples tested with the Amplicor were retested with the TaqMan. No 

discordance was found between the Amplicor and TaqMan PCR based assays. All 89 week 24 

samples were retested with the TMA assay. Eleven out of 89 samples retested with the TMA 

based assay were HCV RNA-positive (12%). Two HCV RNA-positive patients were treated for 

24 weeks and 9 patients for 48 weeks. Nine patients with detectable HCV RNA using the TMA 

assay had a virological relapse after treatment and 2 patients had a virological breakthrough 

during treatment. One of the 9 relapsers had undetectable HCV RNA 24 weeks after the end 

of treatment (EOT) with the TMA assay, however HCV RNA was detectable again one year 

after EOT. In the remaining 78 samples retested with the TMA assay HCV RNA could not be 

detected. Of these patients 32 (41%) had a virological relapse and 46 (59%) achieved SVR. 

The minimum follow up of these patients was at least one year after end of treatment. The 

PPV of undetectable HCV RNA at week 24 determined by the TMA assay was 59% (46/78) 

compared to 52% (46/89) for the PCR based assays (table 2). The NPV of a positive HCV RNA 

test result for virological relapse was 100% (11/11).

table 1. Baseline characteristics

Variable

Number of patients 89

Age (mean, range in years) 45.6 (22-69)

Gender (male/female) 66/23

BMI (mean, range in kg/m2) 26.8 (19.6-36)

Genotype (1,2,3 & 4) 55, 5, 20, 9

Cirrhosis 16 (18%)

Previous interferon based treatment 26 (29.2%)

Peginterferon induction therapy 3 (3.4%)

Baseline viral load (log IU/ml) 6.61

Early virological response (HCV RNA negative at wk 12) 23 (25.9%)

Treatment duration (24, 48, 72 weeks) 19, 65, 5

table 2. Positive predictive values of undetectable HCV RNA of 3 different assays.

HCV RNA assay SVR / Total PPV (%)

PCR Amplicor negative* 41 / 77 53.2%

PCR TaqMan negative** 46 / 89 51.7%

TMA negative 46 / 78 58.9%

*PCR Amplicor was performed during therapy of 77 patients treated with peginterferon alfa and ribavirin.
**PCR TaqMan was performed during therapy of patients treated with continuous interferon alfa and ribavirin; 
furthermore all samples were retested with the TaqMan. No discordance was found between TaqMan and 
Amplicor.
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dIsCussIOn

This study investigates discordance between the TMA HCV RNA qualitative assay with a 

LLOD of 5.3 IU/ml and two PCR based assays with a minimal follow up of at least one year. 

In this cohort we found discordance in 12% of the test results. All patients with detectable 

HCV RNA at week 24 using the TMA assay experienced a viral relapse or breakthrough after 

or during treatment. Eventually all patients became HCV RNA-positive and thus the NPV of 

detectable HCV RNA at week 24 using the TMA assay was 100% in this study. Furthermore, 

the PPV of a negative TMA test result was somewhat higher than the PPV of a negative PCR 

test result; 59 vs. 52%, although we should mention that these PPVs are based on all patients, 

including patients with undetectable HCV RNA at week 12.

Earlier studies reported on detectable HCV RNA by TMA assays in EOT samples who were 

HCV RNA-negative when tested with PCR based assays. With the exception of a few cases 

all patients with a positive TMA test result had a viral relapse after treatment cessation (14-17).

Morishima and colleagues retested PCR negative on treatment HCV RNA samples with 

the TMA assay, at that time the LLOD was 9.6 IU/ml (18). They found a discordance of 19.9% 

between the PCR based and the TMA assay in week 24 samples. Six patients (9%) with a 

Retesting samples

Week 24 
HCV RNA negative samples

COBAS AMPLIPREP/COBAS AMPLICOR 
HCV test 2.0

(limit of detection 20 IU/mL)
N=77

VERSANT® TMA
HCV RNA qualitative assay
(limit of detection 5.3 IU/mL)

Week 24 
HCV RNA negative samples
COBAS AMPLIPREP/COBAS 

TaqMan HCV test
(limit of detection 15 IU/mL)

N=12

HCV RNA negative at week 24
78/89 (87.6%)

HCV RNA positive at week 24
11/89 (12.4%)

SVR
0/11 (0%)

SVR
46/78 (59%)

figure 1. Study design
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negative PCR and a positive TMA at week 24 eventually achieved a sustained virological 

response. These patients however, had a negative TMA test result on week 20 of therapy. 

Patients with detectable HCV RNA at both time points all experienced viral relapse. They 

concluded that a single positive TMA test result could not rule out SVR. However, the NPV of 

a positive TMA test result was still high: 91%. Furthermore, they mention in their discussion 

that a delayed relapse after 24 weeks of follow up could not be ruled out. Another study of 

Morishima and colleagues showed that some PCR negative/TMA positive samples were TMA 

negative on repeat testing. Discordant TMA test results occurred in patients with HCV RNA 

levels fluctuating around the LLOD and were strongly associated with viral breakthrough or 

relapse (19).

In conclusion, based on these results the NPV of a positive TMA test result on week 24 is 

still 100%. The use of the more sensitive TMA assay could lead to the prevention of unneces-

sary treatment and thereby the associated side effects and costs.
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AbstrAct

Background

Sustained virological response (SVR) rates in previous nonresponders to peginterferon alfa and 

ribavirin for chronic hepatitis C (HCV) remain low (~10%). We hypothesize that continuous sub-

cutaneous delivery of fully potent interferon (IFN) alfa-2b via an external pump will lead to stable 

blood concentrations and thereby prevent subtherapeutic trough levels associated with viral 

breakthrough. The aims of the study were to assess safety, tolerability and virological response in 

patients who previous peginterferon alfa/ribavirin nonresponders.

Methods

We randomized 30 HCV genotype 1 (n=24) and 4 (n=6) patients to receive 6, 9 or 12 MU IFN alfa-

2b daily by continuous subcutaneous administration using an insulin pump (Medtronic MiniMed 

508) in combination with ribavirin (1000-1600mg) for 48 weeks .

Results

The magnitude of viral decline in the 12 MU group after 4 weeks of treatment was 2.67 log HCV 

RNA compared to 1.21 and 1.27 log HCV RNA in the 9 and 6 MU group respectively (p=0.001). 

In the intention-to-treat analysis SVR rate was 20% (6/30). The per-protocol SVR rate was 25% 

(6/24) of which 4 out of 6 patients in the high-dose arm achieved SVR.

Adverse events appeared dose-dependent, were mostly mild to moderate and typical of 

IFN therapy. Five patients developed irritation and/or abscesses at the injection site. Six serious 

adverse events were reported in 5 patients.

Conclusions

Continuous delivery of IFN alfa-2b can induce a strong dose-dependent viral suppression. This 

could be an effective approach in conjunction with, or as lead-in therapy prior to treatment with 

a direct antiviral agent.
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InTROduCTIOn

Chronic hepatitis C virus (HCV) infection is one of the leading causes of cirrhosis, hepatolocel-

lular carcinoma and end stage liver disease (1). The current standard of care for chronic HCV 

infection is a 24 or 48 week regimen with peginterferon (PEGIFN) alfa and ribavirin (RBV). 

This treatment regimen leads to sustained viral responses in 42-82% of patients depending 

on host factors and viral genotype (2-4). Unfortunately, 50-60% of patients with genotype 1 

and 4 do not respond to this treatment regimen, which has led to a continuous increase in the 

pool of patients non responsive to this treatment regimen. Retreatment sustained virological 

response (SVR) rates of these patients range between 4 and 15%. Increasing this percentage 

is considered to be a great challenge (5-10).

Pegylation of interferon (IFN) alfa has improved the pharmacokinetic profile of conventional 

IFN by maintaining constant blood levels. This enabled once-weekly dosing and resulted in 

higher response rates. However, it has been shown that the volume of distribution due to 

pegylation is considerably restricted, decreasing biological activity and potentially decreas-

ing treatment efficacy (11). Continuous exposure to IFN alfa could potentially overcome this 

hindrance by providing sustained and constant levels of a fully potent protein. We hypothesize 

that constant levels could induce a stable viral suppression and prevent side effects associ-

ated with peaks after injection as well as subtherapeutic drug levels associated with troughs.

The continuous infusion of IFN alfa has been studied in several small phase 1 studies. 

A significant decrease in serum ALT was observed in one study and continuous infusion of 

interferon was safe and well tolerated. However, these studies were small and treatment 

length was inadequate (12-14).

In this pilot study we aim to investigate efficacy, safety and feasibility of continuous sub-

cutaneous infusion of IFN alfa-2b in combination with weight-based RBV (15.2 mg/kg) for 48 

weeks in patients who previously failed to respond to PEGIFN alfa and RBV.

meTHOds

This study, referred to as the SCIN-C study (Subcutaneous Continuous Interferon alfa-2b 

infusion in Chronic Hepatitis C Previous Nonresponders) was an investigator initiated study, 

sponsored by the Foundation of Liver and Gastrointestinal Disorders (SLO, Rotterdam, the 

Netherlands). Financial support and infusion devices were obtained from Medtronic Inc. (Min-

neapolis, Mn, USA).

Study design

The study was a single center, randomized, open label, dose finding study with 3 treatment 

arms. We randomly assigned 24 genotype 1 and 6 genotype 4 patients in a 1:1:1 ratio to 
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receive 6, 9 or 12 MU IFN alfa-2b per day by continuous subcutaneous infusion in combina-

tion with daily RBV (figure 1). Stratified random assignment was used to balance genotype 

distribution. RBV dosage was weight-based: 1000 mg for patients ≤65 kg, 1200mg for 65-80 

kg, 1400 mg for >80-100kg and 1600mg for >100kg. Patients visited the outpatient clinic 

at time of screening, at baseline, during treatment (week 1, 2, 3, 4, 6, 8, 10, 12, 16, 20, 24, 

28, 32, 36, 40, 44 and 48) and during post-treatment follow up (week 52, 60 and 72). In the 

event of grade 3 adverse events IFN alfa-2b dose was reduced by 1.5 MU/day. In case of 

an ANC <750/μL (absolute neutrophil count) or a platelet count <50000/μL IFN alfa-2b dose 

was reduced to 75% of the initial dose. This dose reduction was not performed in the first 

12 weeks of therapy or in case of HCV RNA positivity after 12 weeks of therapy, considering 

the negative impact of dose reductions, on virological response. In case of ANC <375/μL or 

a platelet count <25000/μL IFN alfa-2b dose was reduced to 50% of the initial dose regard-

less of viral load or duration of therapy. When hemoglobin concentration dropped below 5.0 

mmol/L IFN alfa-2b dose was reduced to 75%, in case of a drop below 4.0 mmol/L RBV dose 

was reduced to 10mg/kg daily and patients were treated with blood transfusions.

Patients

Patients were considered eligible for enrollment in this study if they were between 18 and 60 

years of age, had chronic hepatitis C infection genotype 1 or 4, were unresponsive to previ-

ous PEGIFN/RBV therapy and had persistently elevated serum ALT or histological evidence 

of continuing or progressive fibrosis. Non-response to previous therapy was defined as null 

response (a less than 2 log drop at week 12 during previous therapy), partial response (HCV 

RNA positivity at week 24), breakthrough (viral breakthrough during therapy) or relapse (viral 

relapse after therapy). Duration of previous treatment was required to be at least 3 months. 

All patients had detectable HCV RNA by a polymerase chain reaction (PCR) assay. Patients 

were excluded if they had signs of decompensated liver disease, evidence of hepatocellular 

carcinoma (hepatic imaging performed within 3 months prior to screening), other acquired or 

inherited liver diseases, co-infection with HIV or chronic hepatitis B, significant pulmonary, 

cardiovascular or renal dysfunction, malignancies in the previous 5 years, history of seizure 

disorder, uncontrolled thyroid disease, psychiatric disorders, the presence of immunological 

disorders, pregnancy, breast feeding, and/or active substance abuse (I.V. drugs or >80 grams 

of alcohol per day).

Continuous subcutaneous infusion of interferon alfa-2b

For subcutaneous infusion of IFN alfa-2b the MiniMed® insulin pump (Medtronic, Minneapo-

lis, Mn, USA) was used. At time of screening, patients received instructions regarding pump 

handling and operation. At baseline these instructions were repeated and patients were asked 

to demonstrate how to handle the Minimed® pump. If patients encountered problems during 

treatment regarding pump handling, they were instructed to call one of the investigators. 
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Patients received 5 reservoirs with IFN alfa-2b for every 2 weeks on therapy. Reservoirs were 

replaced every 3 days.

Assessment of safety and feasibity

Safety was assessed by physical examination, laboratory tests and recording of adverse 

events at every visit during and after therapy. At every outpatient clinic visit patients were 

asked if any problems regarding to pump handling had occurred. Furthermore the daily IFN 

alfa-2b dose administration was checked using an automated dosing registry within the pump 

and patients registered the daily IFN dose and RBV dose on drug accountability forms

Assessment of virological response

HCV RNA was measured at every visit from baseline until week 12, at week 24, 36, 48 and at 

every visit during follow up using the VERSANT® HCV RNA 3.0 quantitative assay (branched 

DNA, lower limit of quantification 615 IU/ml). In case of unquantifiable HCV RNA a qualitative 

assay (Cobas Amplicor / Cobas TaqMan HCV test v1.0, lower limit of detection <15 IU/ml) was 

used for the detection of HCV RNA. Treatment was discontinued in patients with detectable 

HCV RNA at week 24. Virological endpoints were viral decline during therapy and HCV RNA 

negativity at week 48 and after 24 weeks of follow up.

Interferon level determination

IFN alfa-2b concentrations were determined by application of a quantitative sandwich 

enzyme-linked immunosorbent assay (ELISA) method (BMS216INST, Bender Medsystems 

Diagnostics GmbH, Vienna, Austria).

IL28B genotype determination

The IL28b SNP rs12979860 variants were determined using competitive allele-specific PCR 

(KASP; KBioscience Hoddesdon, UK).

Statistical analysis

Chi square and Fisher’s exact tests were used to compare adverse events and virological 

responses between 3 different treatment arms. Both parametric and nonparametric tests 

were performed to compare continuous variables. Linear regression was used to analyze viral 

decline and virological responses during treatment. Continuous variables are expressed as 

means ± SD or medians (range) where appropriate. All statistical tests were two-sided, and a 

P value < .05 was considered to be statistically significant.

SPSS version 15.0 was used for all statistical analysis (SPSS Inc., Chicago, IL, USA).
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ResulTs

Patients

Patients were enrolled between July 2007 and November 2008. A total of 32 were assessed 

for eligibility and 30 patients were randomly assigned to 1 of 3 treatment arms (Figure 1). 

End of follow up data are available in 26 patients (87%) (Figure 2). Baseline characteristics 

of patients are summarized in table 1. No significant differences between treatment arms 

were observed. Patients were predominantly Caucasian (93%) and were infected with HCV 

genotype 1 (80%). Twenty patients were classified as null or partial responders during previ-

ous therapy and 10 patients experienced viral breakthrough during or viral relapse after their 

previous treatment. IL28B SNP rs12979860 was determined in 29 patients. As expected most 

patients had the intermediate or poor response variants CT and TT and only 3 patients had the 

favorable genotype CC. No significant differences between the 3 treatment arms were found.

Safety and tolerability

Adverse events, hematologic abnormalities, dose reductions and treatment discontinua-

tions are listed in table 2. All patients had at least one adverse event. In the 12 MU group 

5.8% of adverse events were classified as severe compared to 3.3% and 2.2% of adverse 

events in the 9 and 6 MU groups, respectively (p=0.230). Twenty-four infections occurred 

in 17 patients. Injection site reactions occurred in 21 patients. Four of these reactions were 

defined as small skin abscesses at the injection site, all of which improved rapidly after drain-

age. Severe injection site reactions mostly occurred in the first months of this study probably 

12 MU IFN-α2b QD continuously

Follow-upA (n=10) Screening

Ribavirin 15 mg/kg/day

9 MU IFN-α2b QD continuously

Follow-upScreening

Ribavirin 15 mg/kg/day

B (n=10)

Weeks       -4                     0 48                                   72

Ribavirin 15 mg/kg/day

6 MU IFN-α2b QD continuously

Follow-upScreening

Ribavirin 15 mg/kg/day

C(n=10)

fig. 1. Study design. Treatment was discontinued if HCV RNA was detectable at week 24 of treatment using the 
COBAS TaqMan HCV RNA assay (LLOD<15 IU/ml)
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due to less experience regarding replacement of the infusion sets. In 5 patients injection site 

reactions were defined as severe and in 2 patients as a serious adverse event (SAE) due to 

hospital admission. One of these 2 hospitalized patients was diagnosed with cellulitis and 

antiviral treatment was discontinued temporarily. Some weeks later this patient developed a 

hyperglycemia induced seizure, the patient’s second SAE, and treatment was discontinued 

permanently. This patient suffered from diabetes mellitus and had not been compliant with 

insulin therapy. Other SAE’s included community acquired pneumonia, diarrhea and an upper 

respiratory tract infection. In total 6 SAE’s occurred in 5 patients; 4 in the 12 MU and 1 in the 9 

MU group (p=0.027). All SAE’s resolved after temporary or permanent discontinuation of treat-

ment. Four out of 5 patients with SAE’s had cirrhosis. Dose reductions due to hematologic 

abnormalities or adverse events were performed in 5 out of 30 patients (17%): 3 patients 

from the 12 MU group and 2 patients from the 9 MU group. In 6 patients treatment was 

discontinued prematurely (4 patients from the 12 MU group and 2 patients from the 9 MU 

group, p=0.12). Reasons for discontinuation were the occurrence of an SAE in 3 patients, 

withdrawal of consent in 2 patients and due to incarceration in 1 patient.

Not randomized:
-Concomitant disease (N=2)

Patients assessed for eligibility
N=32

Random assignment
N=30

Completed 24 weeks of treatment
N=8

Completed 24 weeks of treatment
N=7

Completed 24 weeks of treatment
N=10

12 MU interferon alfa-2b
N=10

9 MU interferon alfa-2b
N=10 

6 MU interferon alfa-2b
N=10

Completed 24 weeks of follow up
N=10

Completed 24 weeks of follow up
N=8

Completed 48 weeks of treatment
N=2

Completed 48 weeks of treatment
N=5

Completed 48 weeks of treatment
N=4

Completed 24 weeks of follow up
N=8 

Premature discontinuation (N=6)
- Non response at week 24: 2
- Serious adverse event: 2
- Withdrew consent: 1 
- Incarceration: 1

Premature discontinuation (N=5)
- Non response at week 24: 3
- Serious adverse event: 1
- Withdrew consent: 1 

Premature discontinuation (N=8)
- Non response at week 24: 8

fig. 2. Study flow diagram.
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Interferon levels

IFN levels increased dose-dependently reaching peak levels between 48 hours and 1 week of 

treatment followed by continuous steady state levels during the remaining treatment period. 

Mean IFN levels at week 4 were 344 pg/ml, 264 pg/ml and 225 pg/ml in the 12, 9 and 6 MU 

group respectively. Between patients a great inter individual variability was observed. A weak 

negative correlation was found between IFN levels and viral load (r=-0.297, p<0,001).

Viral kinetics

The magnitude of viral decline in the 12 MU group after 4 weeks of treatment was 2.67 log 

HCV RNA compared to 1.21 and 1.27 log HCV RNA in the 9 and 6 MU groups respectively 

(p=0.001, figure 3). After 12 weeks viral decline was 3.57 log HCV RNA in the 12 MU group 

compared to 2.8 log HCV RNA in the 9 MU group and 1.91 log HCV RNA in the 6 MU group 

(p=0.075). In the multivariate linear regression analysis IFN alfa-2b dose (p=0.004) and the 

IL28b variant (p=0.017) were significantly associated with viral decline at week 4.

table 1. Baseline characteristics

Variable Total 6MU 9MU 12MU P-value

N=30 N=10 N=10 N=10

Male (%) 22 (73) 7 (70%) 6 (60%) 9 (90%) 0.303

Age (years 46.9 46.1 48.2 46.5 0.685

Caucasian/Black/Asian 27/1/2 8/1/1 9/0/1 10/0/0 0.399

Genotype 1 vs. 4 24/6 8/2 8/2 8/2 1.000

Cirrhosis (%) 13 (43) 3 (30) 3 (30) 7 (70) 0.123

IL28B genotype (rs12979860)

CC/CT/TT 3/20/6 1/6/2 1/6/3 1/8/1 0.863

BMI in kg/m2 (mean) 27.5 26.6 28.7 27.2 0.664

Response to previous therapy 0.980

-Non response week 12* 9 2 4 3

-Non response week 24** 11 4 3 4

-Breakthrough 3 1 1 1

-Relapse 7 3 2 2

Mean log HCV RNA 5.45 5.25 5.67 5.46 0.397

Albumin in g/L 42.9 42 44.7 42 0.371

Bilirubin in μmol/L 12.0 10.2 12.5 13.2 0.790

Prothrombin time in seconds 12.2 11.7 12.1 12.7 0.267

ALT in U/L 88.3 88.9 88 88 0.717

GGT in U/L 113.5 151.3 81.9 107.2 0.245

Hemoglobin in mmol/L 9.3 9.2 9.5 9.4 0.889

ANC in cells / μL mean 3.1 3.0 2.8 3.3 0.571

Platelet count in thousands / μL 177 183 192 158 0.249

*defined as null responder
**defined as partial responder
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Viral response

In the intention-to-treat analysis 6 out of 30 (20%) patients achieved SVR. Three out of 20 

(15%) previous null or partial responders (1 from the 9 MU group and 2 from the 12 MU 

group) achieved SVR. The remaining 3 patients who achieved SVR were patients with a viral 

breakthrough during, or relapse after previous antiviral therapy (1 from the 6 Mu group and 2 

table 2. Dose reductions, discontinuations, adverse events and laboratory abnormalities

Variable Total 12 MU 9MU 6MU

N=30 N=10 N=10 N=10

Dose reductions 5 3 2 0

Discontinuations 6 4 2 0

Serious adverse events 6 5 1 0

Infections 24 6 13 5

Adverse events

-Fatigue 28 8 10 8

-Myalgia 20 8 6 6

-Headache 20 6 9 5

-Nausea 18 7 8 3

-Loss of appetite 18 7 5 6

-Fever 17 5 6 6

-Injection site reaction 17 7 5 5

-Pruritus 13 5 6 2

-Weight loss 13 6 4 3

-Alopecia 13 6 4 3

-Depression 13 4 6 3

-Abdominal pain 12 5 5 2

-Diarrhea 12 4 3 5

-Emotional disorder 11 3 4 4

-Dyspnea 11 6 4 1

-Cough 11 3 6 2

-Concentration impairment 9 5 1 3

-Arthralgia 9 3 4 2

-Rash 9 4 4 1

-Dry skin 9 4 4 1

-Dizziness 9 2 2 5

-Irritability 7 2 1 4

-Back pain 7 2 3 2

-Vomiting 6 3 3 0

-Dry mouth 6 2 3 1

-Obstipation 6 3 3 0

-Epistaxis 6 4 2 0

Other 33 11 9 13

Hematologic abnormalities

-Anemia* 14 4 5 5

-Neutropenia** 15 5 5 5

-Thrombocytopenia*** 6 2 1 3

* Defined as Hb <6.2 mmol/L
** Defined as ANC <750/μL
*** Defined as Platelet count <50000/μL
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from the 12 MU group). Of the 6 SVR patients 3 had cirrhosis (all from the 12 MU group). Five 

out of 24 (21%) genotype 1 patients and 1 out of 6 (17%) genotype 4 patients achieved SVR.

In the per-protocol analysis the SVR rate was 6 out of 24 (25%). Of the 6 patients (67%) 

treated per-protocol in the 12 MU group, 4 achieved SVR compared to 1 out of 10 (10%) and 

1 out of 8 (12.5%) in the 6 and 9 MU group respectively (p=0.042).
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fig. 3. Virological responses during therapy per treatment arm
RVR: rapid virological response, defined as HCV RNA <15 IU/ml at week 4; pEVR: partial early virological response, 
defined as > 2 log drop of HCV RNA at week 12; EVR: complete early virological response, defined as HCV 
RNA <15 IU/ml at week 12; VR24: virological response at week 24, defined as HCV RNA <15 IU/ml; EOT: end of 
treatment response, defined as HCV RNA <15 IU/ml at end of treatment; SVR: sustained virological response, 
defined as HCV RNA <15 IU/ml at 24 weeks after treatment discontinuation.

fig. 4. Viral decline during therapy
The magnitude of viral decline in the 12 MU group after 4 weeks of treatment was 2.67 log HCV RNA compared to 
1.21 and 1.27 log HCV RNA in the 9 and 6 MU group respectively (p=0.001).
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Virological response rates are shown in figure 4. At week 4, one patient (from the 6 MU 

group) had undectectable HCV RNA. In the 12, 9 and 6 MU group respectively, 4, 2 and 2 

patients had undetectable HCV RNA at week 12 (p=0.384). Eight out of 10 patients from the 

12 MU group became HCV RNA negative during therapy compared to 5/10 (50%) and 2/10 

(20%) in the 9 and 6 MU group respectively (p=0.027). Two patients of these patients were 

HCV negative before week 24 (week 8 and 12) but had to stop treatment due to an SAE. 

Importantly, 10 out of 20 patients with a previous null or partial response to antiviral therapy 

became HCV RNA negative during therapy (HCV RNA <15 IU/ml).

All patients with the IL28b rs12979860 CC variant became HCV RNA negative whereas 

only 50% of patients with the CT (10/20) and TT variants (3/6) became HCV RNA negative 

(p=0.423). In patients who achieved SVR IL28B rs12979860 variant was CC in 2 patients (one 

in each of the 6 and 9 MU groups) and CT in 4 patients (all from the 12 MU group). The third 

CC patient had a cEVR (complete early virological response), however treatment was stopped 

in this patient in week 21 due to an SAE. In the 12 MU group, virological responses were 

independent of IL28b genotype.

None of the patients who had less than a 2 log decline of HCV RNA at week 4 achieved 

SVR and thus the negative predictive value (NPV) was 100%. Thirteen out of 27 patients (48%) 

had detectable HCV RNA at week 12 of antiviral therapy and none of these patients achieved 

an SVR (NPV 100%).

dIsCussIOn

This pilot study is the first to investigate safety and efficacy of continuous infusion of high 

daily doses of IFN alfa-2b in combination with RBV for a full 48 weeks in chronic hepatitis 

C patients who previously failed therapy. The rationale of continuous subcutaneous infusion 

of IFN alfa-2b was firstly to optimize response by maintaining constant high IFN alfa blood 

concentrations enabling continuous viral suppression and secondly prevention of side effects 

associated with IFN peaks which may occur with weekly injections of PEG-IFN alfa.

Our most important finding was that delivery of IFN alfa-2b in combination with RBV 

resulted in a strong dose-dependent viral suppression. At week 4 two-thirds of patients from 

the 12 MU group had unquantifiable HCV RNA and at week 12 all patients from this group had 

unquantifiable HCV RNA. Furthermore, 50% of previous null and partial responders became 

HCV RNA negative during treatment. Six out of 30 patients (20%) achieved SVR. The per-

protocol SVR rate was 25% with 4 out of 6 patients (67%) from the 12 MU group achieving 

SVR.

This strong viral suppression of high dose continuous subcutaneous IFN-2b infusion could 

play an important role within the recently proposed concept of lead-in therapy prior to triple 

therapy with PEGIFN alfa, RBV and a direct antiviral agent. In these studies investigating 
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direct antiviral agents, a rapid virological decline during a PEGIFN alfa/RBV lead-in was cru-

cial to achieve SVR and prevent virological breakthrough or relapse (15-18). Short-term high 

dose continuous IFN alfa infusion could help to achieve this necessary rapid viral decline and 

therefore this concept of continuous IFN-2b alfa could play an important role in the new era 

of direct antiviral agents. Especially patients with a known null or partial response to previous 

therapy with peginterferon alfa and ribavirin could benefit from this treatment concept.

In addition, this study reports on the predictiveness of SNPs near the IL28b gene in previ-

ous non-responders. As expected most patients had the rs12979860 CT and TT variants 

that are associated with decreased responsiveness to PEGIFN/RBV therapy whereas only 3 

patients had the favorable CC variant of this SNP. An important finding was that the strong 

viral suppression in patients treated with 12 MU of IFN alfa-2b was independent of IL28b 

genotype. These results suggest that the lack of innate IFN responsiveness seen in this group 

of patients can be overcome by high doses of continuous IFN alfa-2b infusion. Patients 

with the CC genotype had a more pronounced virological response compared to CT and TT 

patients. Response rates between patients with CT and TT variants were comparable.

Side effects were typically IFN related and severity increased as dose increased. Weekly 

peaks of side effects did not occur, however intensity of side effects appeared comparable 

to treatment with PEGIFN alfa and RBV. Five patients developed skin abscesses and severe 

injection site reactions. These reactions occurred only in the early phase of the study and 

could be prevented later on in the study by adequate instructions for replacement of the 

injection cannula (infusion sets). Most serious adverse events occurred in cirrhotic patients, 

for this reason caution is warranted in this patient group. To prevent infectious complications 

antibiotic prophylactic therapy should be considered. Dose reductions and discontinuation 

occurred only in the 9 and 12 MU groups. The most common reasons for dose reductions 

were adverse events and hematologic abnormalities.

Interferon levels were measured throughout the study, all patients reached steady state 

levels in the first weeks of treatment. The pharmacokinetic profile of continuous infusion of 

interferon alfa differs from that of treatment with peginterferon alfa-2a or 2b and ribavirin, 

which causes peak and trough concentrations. A study investigating pharmacokinetics of 

peginterferon alfa 2a and 2b showed that undetetectable trough concentrations of peginter-

feron alfa-2b can occur in some patients (19). This phenomenon did not occur in our study.

A great interindividual variability of interferon alfa concentrations exists between patients. 

For this reason it is difficult to use these concentrations for prediction of treatment outcome. 

To our knowledge, to date, no data have been published on the predictiveness of (peg)inter-

feron alfa concentrations on treatment outcome.

Approximately 50-60% of genotype 1 patients are non-responsive to treatment with 

PEGIFN alfa and RBV for chronic hepatitis C. Several treatment options to cure these difficult-

to-treat patients have been investigated. Retreatment of genotype 1 patients who previously 

failed PEGIFN alfa and RBV therapy with PEGIFN alfa-2b and weight based RBV lead to 
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SVR rates up to 11% (8). Comparable SVR rates were achieved with retreatment of true non-

responders with consensus IFN and RBV (5). Studies investigating PEGIFN induction therapy 

could not demonstrate an increase in SVR rates. However, early virological response rates 

were increased in patients receiving induction therapy (6-7, 9-10). The highest SVR rates were 

achieved when combining a PEGIFN alfa-2a/RBV induction regimen with an extension of the 

treatment duration to 72 weeks (7). Sixteen percent of these patients, who were nonrespon-

sive to previous therapy with PEGIFN alfa and RBV, achieved SVR.

In our study, treatment with IFN alfa-2b and RBV by continuous infusion led to an intention-

to-treat SVR rate of 20%, this was nearly twice as high compared to the SVR rate of retreat-

ment with PEGIFN alfa and RBV reported so far (8). A limitation of this study is the lack of 

a control arm. However, retreating previous null or partial responders to peginterferon and 

ribavirin with the same regimen, will have limited chances of SVR.

In conclusion, continuous delivery of high doses of IFN alfa-2b with a pump device can 

be carried out successfully in this difficult-to-treat population. If side effects are managed 

adequately, continuous delivery of IFN alfa-2b can induce a strong dose-dependent viral sup-

pression leading to improved SVR rates. Short-term continuous IFN treatment could also be 

an effective approach in conjunction with or as lead-in therapy prior to treatment with a direct 

antiviral agent, especially in difficult-to-treat populations.
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AbstrAct

Background

Retreatment outcome of chronic HCV-infected patients with peginterferon/ribavirin (PegIFN/RBV) 

is generally poor after previous non-response or relapse.

Aim

To compare viral kinetics and markers of immune activation between treatment-experienced HCV 

infected patients receiving two different dosages of continuously administered IFN alfa-2b, which 

resulted in a significant difference in viral response at week 4.

Methods

Patients were randomized to receive 12 MU IFN (n=10) or 9 MU IFN (n=10) per day by continuous 

subcutaneous administration combined with weight-based RBV. HCV RNA levels, IFN levels, the 

enzymatic activity of 2,5-oligoadenylate synthetase (2,5-OAS) and levels of neopterin and beta2-

microglobulin were measured in serum at T=0, 4, 8, 12, 24, 48, 72, 96 hours and at week 1, 2, 

3, 4 after start of treatment. Sustained virological response was based on HCV RNA negativity 24 

weeks post-treatment.

Results

A typical biphasic viral decline was demonstrated with a significant stronger median HCV RNA 

decline at day 2 (-1.57 log vs. -0.59 log; p=0.006) and week 4 (-2.58 log vs. -0.84 log; p=0.017) 

in patients receiving 12 MU IFN per day versus 9 MU IFN per day, respectively. The significant 

stronger HCV RNA decline in the 12 MU dose group was reflected by higher neopterin peak 

levels at day 2 and higher steady levels up to week 4 (3.75 ng/ml vs. 2.40 ng/ml; p=0.027). No 

significant differences were found between the two dose groups with regard to serum IFN levels, 

2,5-OAS activity and beta2-microglobulin levels. All patients that achieved SVR (4 patients in the 

12MU dose group vs. 1 patient in the 9 MU dose group) had a more than 2 log viral decline at 

week 4.

Conclusion

A strong HCV RNA decline at week 4 can be induced by high dose continuous IFN therapy in 

patients who failed previous PegIFN/RBV. A more than 2 log viral decline at week 4 is essential for 

achieving SVR. Strong viral suppression is associated with high neopterin levels.
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InTROduCTIOn

Chronic hepatitis C virus (HCV) infection is a major public health problem leading to liver 

fibrosis, cirrhosis and hepatocellular carcinoma (1). An estimated 180 million people are 

infected worldwide (2). It is expected that HCV related mortality will continue to increase 

over the next two decades (3). The current standard of care with pegylated interferon-alfa 

(PegIFN) and ribavirin (RBV) results in sustained virological response (SVR) in approximately 

40-50% of genotype 1 infected patients (4-6). Phase III clinical trials with protease inhibitors 

(telaprevir and boceprevir) have shown that SVR rates can increase up to 80% in treatment-

naïve patients and up to 65% in treatment-experienced patients (7-10). These direct antiviral 

agents show strong, rapid viral declines and are expected to enter clinical practice soon, but 

need to be combined with PegIFN (and RBV), stressing the continued importance of achieving 

immunological control during anti-HCV therapy.

Viral kinetic analyses have provided insight into different response types during (Peg)IFN-

based therapy and are important for prediction of SVR (11). Responders to therapy show a 

typical biphasic decline of HCV RNA with a rapid first phase lasting for approximately 24-48 

hours followed by a slower second phase (12-15). Subsequently, marked elevation is seen of 

several serum markers that are known to reflect the induction of antiviral activity and systemic 

immune activation, including 2,5-oligoadenylate synthetase (2,5-OAS) activity, neopterin and 

beta2-microglobulin levels (16-19). The levels of these IFN-induced markers are indicative of 

the antiviral efficacy of (Peg)IFN and have been implicated as factors determining the clinical 

outcome of therapy (18, 20).

In the present study, we sought to analyze differences between IFN-inducible markers 

in treatment-experienced patients with chronic hepatitis C who were treated with continu-

ous subcutaneous IFN infusion in our earlier randomized SCIN-C trial (21). The rationale for 

continuous IFN delivery by an external pump included achievement of sustained and constant 

levels of the IFN protein, resulting in increased antiviral activity and biologic potency. This 

randomized trial showed a significant stronger mean decline in viral load at week 4 in patients 

receiving continuously 12 MU standard IFN per day combined with weight based RBV (-2.67 

log HCV RNA) versus 9 MU (-1.21 log HCV RNA) and 6 MU per day (-1.27 log HCV RNA), 

respectively. In the current analysis we sought to explain differences in viral decline between 

patients in the two highest dose groups (12 MU and 9 MU standard IFN per day) based on 

early viral kinetics, markers of immune activation and IFN levels.
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meTHOds

Study design

The characteristics of the chronic hepatitis C patients who participated in this study have 

been described in detail before (21). This was a single center, randomized, open label, dose 

finding study and was performed in accordance with Good Clinical Practice and the World 

Medical Association Declaration of Helsinki, after approval by the institutional review board 

We randomly assigned 24 genotype 1 and 6 genotype 4 patients in a 1:1:1 ratio to receive 12, 

9 or 6 MU standard IFN alfa-2b per day by continuous subcutaneous infusion in combination 

with daily weight-based RBV (approximately 15 mg/kg). Patients were treated for 48 weeks, 

but discontinued therapy at week 24 when HCV RNA positive. All patients provided written 

informed consent before participating in any study-related activity. For the ancillary study 

the two cohorts of chronic HCV infected patients receiving 12 MU or 9 MU IFN per day were 

evaluated for viral kinetics and markers of immune response (Figure 1). All patients in the main 

study were asked to participate in the ancillary study which included extra serum sample 

collections during the first week at T=4, 8, 12, 24, 48, 72, 96 hours after onset of therapy. 

Informed consent for extra sample collections during the first week of therapy was obtained in 

7 out of 10 patients in the 12 MU dose group and 8 out of 10 patients in the 9 MU dose group.

 

The study period of this ancillary analysis is marked in red. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

figure 1. Study design SCIN-C.
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Patients

Patients were considered eligible for enrollment in this study if they were between 18 and 60 

years of age, had chronic hepatitis C infection genotype 1 or 4, were unresponsive to previ-

ous PegIFN/RBV therapy and had persistently elevated serum ALT or histological evidence 

of continuing or progressive fibrosis. Non-response to previous therapy was defined as null 

response (a less than 2 log drop at week 12 during previous therapy), partial response (HCV 

RNA positivity at week 24), breakthrough (viral breakthrough during therapy) or relapse (viral 

relapse after therapy). Duration of previous treatment was required to be at least 3 months. 

All patients had detectable HCV RNA in serum by a polymerase chain reaction (PCR) assay. 

Patients were excluded if they had signs of decompensated liver disease, evidence of hepa-

tocellular carcinoma (hepatic imaging performed within 3 months prior to screening), other 

acquired or inherited liver diseases, co-infection with HIV or chronic hepatitis B, significant 

pulmonary, cardiovascular or renal dysfunction, malignancies in the previous 5 years, history 

of seizure disorder, uncontrolled thyroid disease, psychiatric disorders, the presence of immu-

nological disorders, pregnancy, breast feeding, and/or active substance abuse (I.V. drugs or 

>80 grams of alcohol per day).

Viral assessment

Serum samples were collected at T=0, 4, 8, 12, 24, 48, 72, 96 hours and at week 1, 2, 3, 4 

after start of treatment. Sustained virological response was based on HCV RNA negativity 24 

weeks post-treatment. HCV RNA measurements were performed by the VERSANT® HCV 

RNA 3.0 quantitative assay (branched DNA, lower limit of quantification 615 IU/ml). In case 

of undetectable HCV RNA 24 weeks post-treatment a qualitative assay (Cobas Amplicor / 

Cobas TaqMan HCV test v1.0, lower limit of detection <15 IU/ml) was used for the detection 

of HCV RNA.

Interferon level determination

Interferon levels were assessed at the same timepoints as HCV RNA levels. IFN alfa-2b con-

centrations were determined by quantitative sandwich enzyme-linked immunosorbent assay 

(ELISA) method (Bender Medsystems Diagnostics GmbH, Vienna, Austria).

Serum markers of immune activation

Activity of 2,5-oligoadenylate synthetase (2,5-OAS) activity, neopterin and beta2-microglobulin 

levels were assessed at the same timepoints as HCV RNA levels and IFN levels. Neopterin and 

beta2-microglobulin levels were analyzed by ELISA (DRG Diagnostics, Marburg, Germany). 

Activity of 2,5-OAS was analyzed by radioimmunoassay (Eiken, Tokyo, Japan).
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Statistics

No formal sample size calculations for this study were performed. The determination of the 

sample size was based on empirical considerations rather than statistical justification. The 

sample size of 10 patients in each dose group was considered appropriate for this type of 

study. Both parametric and nonparametric tests were performed to compare continuous 

variables. Continuous variables are expressed as means or medians where appropriate. All 

statistical tests were two-sided, and a p-value less than 0.05 was considered to be statisti-

cally significant. SPSS version 15.0 (SPSS Inc., Chicago, IL, USA) and SAS 9.2 (location) were 

used for all statistical analyses.

ResulTs

Patients

Baseline patient characteristics have been described previously and were comparable 

between both groups (21). In the 12 MU dose group 90% of patients were male versus 60% 

in the 9 MU dose group. The mean age was 46.5 versus 48.2, respectively. Median baseline 

viral load was 5.39 log versus 5.78 log HCV RNA, respectively. In the 12 MU dose group one 

patient discontinued therapy after 2 weeks. Adverse events were typically IFN/RBV related 

and have been described previously (21).

HCV RNA levels

A typical biphasic viral decline was seen in most patients. The strongest decline was seen in 

patients receiving 12 MU IFN per day (Figure 2). Approximately 48 hours after onset of therapy 

figure 2. Viral decline according to dose.
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the strongest first phase decline was seen, followed by a much slower second phase decay 

(both dose groups). The median HCV RNA drop at day 2 was 1.57 log in 12 MU dose group 

versus 0.59 log in the 9 MU dose group (p=0.006). The median HCV RNA drop at week 4 was 

2.58 log in the 12 MU dose group versus 0.84 log in the 9 MU dose group (p=0.017). SVR was 

achieved in 4 patients in the 12 MU dose group and in 1 patient in the 9 MU dose group. All 

patients achieving SVR after 48 weeks of therapy had more than 2 log decline of HCV RNA 

at week 4.

Interferon levels

Serum IFN-alfa levels peaked between T=48 hours and week 1 followed by steady-state 

(Figure 3). A stronger IFN peak was seen in patients receiving 9 MU IFN/day at day 3 (329 

pg/ml versus 188 pg/ml, p=0.49), but IFN levels continued to rise in the 12 MU group and 

maximum levels were reached between week 2 and 4. The highest serum IFN levels at week 4 

were reached in patients receiving 12 MU IFN/day with median IFN levels of 294 pg/ml, versus 

157 pg/ml in patients receiving 9 MU IFN/day (p=0.093). Although IFN levels were quickly 

measurable in all patients, there was some inter-individual variability. We could not detect any 

differences in IFN patterns between individual patients in the 12 MU dose group and the 9 MU 

dose group and between patients within these group that went on to achieve SVR (Figure 4).

Induction of 2,5-OAS, neopterin and beta2-microglobulin

Most patients had undetectable or low levels of 2,5-OAS, neopterin and beta2-microglobulin 

at baseline and now significant differences were seen between the two dose groups at start of 

treatment. Activity of 2,5-OAS peaked between T=24 hours and week 1 (Figure 5A). Patients 

receiving 12 MU per day showed steady state of 2,5-OAS activity after this peak, while in 

figure 3. Interferon levels according to dose.
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figure 4. Individual interferon levels (pg/ml)
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patients receiving 9 MU per day this peak was followed by slow decline resulting in lower 

2,5-OAS activity at week 4 (158 vs. 102 pmol/dl; p=0.43). Neopterin level increased within 

24 hours in most patients but higher peak levels between day 2 and 3 were seen in patients 

receiving 12 MU per day (Figure 5B). Following the neopterin peak, a gradual decline was seen 

of neopterin levels, resulting in significant higher levels at week 4 in the 12 MU dose group 

(3.75 vs. 2.40 ng/ml; p=0.027). Beta2-microglobulin levels increased moderately in all patients 

(Figure 5C).

The only significant difference that was seen, with regard to these markers of immune 

activation, were higher neopterin levels in the 12 MU dose group. However, on an individual 

figure 5  
A. 2,5-OAS activity.
B. Neopterin levels.
C. Beta2-microglobulin levels.
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figure 6. Individual neopterin levels (ng/ml).
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basis we could not detect a specific pattern in neopterin levels between patients receiving 12 

MU or 9 MU IFN and those patients within these group that went on to achieve SVR (Figure 6).

dIsCussIOn

In this study we show that a strong HCV RNA decline at week 4 can be induced by continuous 

subcutaneous administration of 12 MU IFN alfa-2b per day combined with weight-based RBV 

in patients who failed previous PegIFN/RBV therapy. A significant stronger HCV RNA decline 

during the first 4 weeks was seen in patients receiving 12 MU IFN per day versus 9 MU IFN per 

day. All patients that achieved SVR (5 out of 20) had a more than 2 log viral decline at week 4.

The original pilot study was designed to investigate safety and efficacy of high dose IFN 

by continuous subcutaneous administration (21). We hypothesized that constant high levels 

of unmodified IFN might improve viral suppression and avoid adverse events associated with 

serum IFN peaks during thrice weekly (or daily) administration of standard IFN or once weekly 

administration of PegIFN.

Initial viral kinetic studies of HCV showed that administration of IFN produces a biphasic 

decline in viral load (12, 14, 22, 23). The first phase is dose dependent and shows a rapid 

decrease in serum HCV RNA concentration of 0.5-2.0 log. The slope of the first phase of viral 

decline reflects IFN sensitivity. The second phase begins 24-48 hours after onset of treatment 

and reflects immune-mediated clearance of HCV infected cells. Pegylation of IFN improved 

viral response rates compared with standard IFN due to an improved pharmacokinetic profile, 

allowing once weekly dosing with stable blood concentrations throughout the dosing interval 

(4, 6). A similar biphasic viral decline was seen with PegIFN during the first weeks of therapy 

(24). Viral rebound between 48 and 72 hours after start of treatment occurs in some patients 

and has been associated with decreased serum PegIFN concentrations (25, 26). In our study, 

this typical biphasic HCV RNA decline was seen in most patients receiving continuous IFN. 

However, a significant difference in viral kinetics was seen between patients receiving 12 MU 

IFN per day versus 9 MU IFN per day. This difference was predominantly caused by a stronger 

first phase decline at day 2, but also due to a steeper second phase in patients receiving 

12 MU IFN per day. Based on IFN levels we could not explain the difference between both 

dosing groups. Especially during the first phase of viral decline higher peak IFN levels in 

serum were seen in the 9 MU dose group, in contrast with what would be expected. Notably, 

viral rebound after the first phase of viral decline was seen in the 12 MU dose group despite 

continuous IFN administration. Interestingly, a relation was seen between neopterin levels (as 

marker of immune activation) and viral decline. Higher neopterin peak levels were achieved 

at day 2 in the 12 MU dose group compared to the 9 MU dose group, followed by higher 

levels during the first 4 weeks of therapy. The viral rebound after day 2 in the 12 MU dose 

group was also reflected by temporarily decreased neopterin levels. Although neopterin is 
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regarded as a biomarker for activation of the cellular immune system, and its concentration 

is elevated in several diseases including chronic HCV infection, its role as an antiviral effector 

molecule is still unclear (27). Importantly, despite the observation that patients receiving 12 

MU IFN demonstrated more potent viral decline as compared to patients receiving 9 MU, 

no differences were found with regard to 2,5-OAS activity and beta2-microglobulin levels 

between the two dose groups. This is surprising since serum levels of these markers are 

known to reflect systemic antiviral activity induced by IFN. In order to identify in detail which 

antiviral effector molecules, such as members of the IFN stimulated genes (ISG) family, are dif-

ferentially induced by the 12 MU dose and not the 9 MU dose, future studies will include gene 

profiling during the course of treatment by microarray analysis of peripheral blood collected 

from patients participating in this study (28).

This is the first study to evaluate viral kinetics in HCV infected previous non-responders 

during continuous subcutaneous administration of high dose IFN in combination with RBV. We 

demonstrated a biphasic viral decline, as described before during treatment with unmodified 

and pegylated IFN. The significant stronger HCV RNA decline in the 12 MU dose group was 

reflected by higher neopterin levels.

Understanding viral kinetics in hepatitis C remains of utmost importance as viral decay 

at week 4 is still the most important predictor of achieving SVR. Current new triple thera-

pies including direct antiviral agents show much stronger early viral decline than seen with 

PegIFN/RBV. However, PegIFN induced immune control will remain a cornerstone of anti-HCV 

therapy. Continuous high dose IFN administration combined with RBV and a direct antiviral 

agent might further improve triple therapy outcome, especially in previous non-responders or 

relapsers.
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AbstrAct

Background and aims

Limited data are available on the effect of treatment with peginterferon alfa and ribavirin on human 

semen quality. We conducted a study to investigate the effects of chronic hepatitis C and treat-

ment with peginterferon alfa and ribavirin on spermatogenesis and sperm DNA integrity.

Methods

Serum and semen samples of 23 hepatitis C patients were collected before, during and after 

treatment. Seminal and endocrinological parameters and sperm DNA integrity (expressed as DNA 

fragmentation index) were analyzed.

Results

Baseline oligozoospermia (sperm concentration <15x106/l) and asthenospermia (<32% moving 

spermatozoa) both occurred in 9 patients (39%). Median seminal volume decreased significantly 

during treatment (1.6 ml to 0.9 ml, p=0.005). No significant changes in progressive motility and 

sperm concentration were found. A significant increase of luteinizing hormone (p=0.011) but not 

of follicle stimulating hormone (p=0.241) was seen during treatment. Median DNA fragmentation 

index of hepatitis C patients before treatment was comparable with that of 22 healthy controls: 

19.2% (range 2.6-42.8%) vs. (15.8%, range 6.4-25.7, p=0.51). Median DNA fragmentation index 

was higher in methadone users, 32.2% vs. 12.6% (p=0.039) and in patients using antipsychotics 

(olanzapine and risperidon); 34.0% vs. 12.7%, p=0.01. Sperm DNA integrity was not altered 

during treatment and follow-up.

Conclusions

Semen abnormalities were found in a relatively large proportion of hepatitis C patients, but treat-

ment did not lead to further impairment of sperm quality. Sperm DNA integrity, which is associated 

with poor reproductive outcome and with a higher miscarriage risk, was not altered by treatment 

with peginterferon alfa and ribavirin.
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InTROduCTIOn

A treatment regimen with peginterferon alfa and ribavirin (PEGIFN/RBV) is the standard of 

care for chronic hepatitis C virus (HCV) infection and despite the development of successful 

direct antiviral agents, this treatment combination will remain the backbone of antiviral therapy 

against HCV (1). In animals, RBV has repeatedly been proven to be teratogenic. Malformations 

of limbs, spine, ribs, eyes and central nervous system have been shown in rodents in addi-

tion to reductions in sperm count and alterations in morphology of spermatozoa (2-3) after 

exposure to RBV. Contradicting results have been found in studies investigating the effect of 

interferon alfa on semen quality (4-5). In women, most reports on direct maternal exposure to 

PEGIFN/RBV or RBV alone prior to or during pregnancy describe normal pregnancies (6-9), 

however there are some reports of miscarriage, elective terminations and birth defects (10-

11). Little is known about the effects on offspring of males treated with PEGIFN and RBV. 

Again, there are some reports of miscarriage but most pregnancies resulted in normal live 

born infants (12-14). In a prospective observational cohort study pregnant women who were 

exposed both directly and indirectly to RBV, were followed till delivery and their live born 

infants were followed for one year. In this study the incidence of birth defects after both direct 

and indirect RBV exposure did not significantly differ from that in the general population, but 

enrolment was too short to obtain the required sample size (10).

It is however known that RBV is detectable in semen during antiviral treatment (15) and 

because to date the potential mutagenic effects of RBV cannot be excluded, guidelines 

strongly recommend double contraception during and until 7 months after treatment for male 

patients and their female partners (16-17). It is however questionable whether this is neces-

sary.

There is some evidence that a proportion of HCV patients have semen abnormalities prior 

to treatment and that semen quality further deteriorates during the first weeks of treatment 

(15, 18). However, limited data are available on semen quality during follow up and no data are 

available on sperm DNA integrity (sperm DNA damage) induced by PEGIFN/RBV treatment.

Sperm concentration and sperm motility are important parameters for male fertility. Sperm 

DNA integrity is associated with a lower spontaneous conception rate and possibly with a 

higher miscarriage risk (19-20). In addition, luteinising hormone stimulates the production 

of testosterone and FSH activates spermatogenesis. Serum levels of inhibin B are positively 

correlated with the number of spermatozoa produced (21) and are negatively correlated with 

the FSH levels. Serum concentrations of free testosterone (non SHBG-bound testosterone) 

reflect the functioning of Leydig cells in the testis.

We conducted a study to investigate the occurrence of semen abnormalities in patients with 

HCV infection and to investigate the effect of PEGIFN/RBV treatment on spermatogenesis, 

sperm DNA integrity and endocrinological parameters prior to, during and after treatment.
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meTHOds

Study design

This study is a single center observational study. Treatment naïve male patients with a chronic 

HCV infection for whom antiviral therapy with PEGIFN/RBV was planned could be included 

in the study. Patients with a hepatitis B and human immunodeficiency virus (HIV) co-infection 

were excluded from participation.

Semen analysis

Semen samples were obtained at baseline, week 12, 24, 48 and 24 weeks after treatment 

discontinuation (FU24). Semen samples were obtained by masturbation at the Andrology unit 

after at least 3 days of abstinence. Semen samples were analyzed on volume, concentra-

tion and motility according to WHO standard criteria (22). Sperm motility was assessed by 

categorizing the spermatozoa in 2 groups: progressively motile and non-progressively motile 

spermatozoa. The first group contains active moving spermatozoa. The last group contains 

cells which don’t move at all or cells that move but remain at the same position. Sperm 

morphology was not included in the study protocol. Since this semen parameter is considered 

an unreliable marker to determine fertility due to the great inter- and intra observer variability. 

However, data on morphology was available in some of the patients.

Sperm DNA integrity analysis

Sperm DNA integrity was measured using the sperm chromatin structure assay (SCSA). 

The SCSA was performed as described by Evenson and Jost (23), using a FACS cytometer 

(Becton Dickinson, San Jose, CA). In brief, frozen samples were quickly thawed, diluted to a 

concentration of 1-2 x 106 sperm cells/ml, exposed to acid detergent solution, and stained 

with acridine orange. Data collection of the fluorescence pattern in 5000 cells was performed 

at 3 minutes after acid treatment. Debris, bacteria and leukocytes were gated out during 

acquisition as recommended (23). The extent of DNA damage is expressed as the DNA frag-

mentation index (DFI). Cell Quest Pro and Winlist software were used to calculate the DFI of 

each sample. All samples were measured in duplicate. A DFI larger than 30% is considered 

abnormal. Median DFI values and dichotomized values (DFI < 30% and DFI ≥ 30%) were used 

in the analyses. DFI data were compared with DFI data of 22 proven fertile men who donated 

a semen sample before vasectomy.

Serum analysis

Serum samples were collected at baseline, week 12, 24, 48 and at FU24. Luteinising hormone 

(LH), follicle stimulating hormone (FSH), free testosterone and inhibin B were determined to 

investigate testicular function before, during and after treatment. Levels of free testosterone 

were calculated as described by de Ronde et al. (24). The methods used to estimate hormone 
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levels were luminescence-based immunometric assays for LH, FSH and SHBG (Immulite 

Siemens DPC, Los Angeles, CA, USA), coated tube radio immunoassay for testosterone 

(Siemens DPC) and an enzyme-immunometric assay for inhibin B (Diagnostic Systems Labo-

ratory, Webster, TX, USA).

Statistical analysis

Fisher’s exact tests were used to compare dichotomized variables. Continuous variables 

were expressed as medians with range. Wilcoxon signed rank tests and Mann-Whitney U 

tests were performed to compare continuous variables. A p-value below 0.05 was considered 

statistically significant. In case of the comparison of baseline samples with on-treatment 

and follow-up samples a correction for multiple testing was made and thus a p-value below 

0.0125 was considered statistically significant. Multivariate linear regression was applied to 

determine which baseline factors influenced sperm DNA integrity at baseline. SPSS version 

17.0 (SPSS inc., Chicago, IL) was used for this analysis.

ResulTs

Patients

A total of 23 male patients were included in the analysis. Baseline samples were available 

in 23 patents. On-treatment and follow up samples form 19 patients were available. The 

remaining 4 patients withdrew informed consent after providing a baseline semen and blood 

sample. Baseline characteristics are summarized in table 1. Seven patients used methadone 

and 2 patients smoked cannabis on a regular basis. Other co-medication included selective 

serotonin reuptake inhibitors, benzodiazepines and anti-psychotics which were used in 9 

patients. All patients were naïve to antiviral treatment and were treated with peginterferon 

table 1. Baseline characteristics

Number of patients 23

Age (mean, range in years) 43 (22-62)

BMI (mean, range in kg/m2) 24 (17-31)

Cirrhosis (metavir score) 1

HCV Genotype

 1 13 (57%)

 2 4 (17%)

 3 6 (4%)

Methadone 7/23 (30%)

Smoking 19/23 (89%)

Treatment duration 24/48 weeks 12/11

Low seminal volume 10 (43%)

Oligozoospermia 9 (39%)

Asthenozoospermia 9 (39%)
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alfa-2a and RBV (10-15 mg/kg), except for 7 patients, who received high dose RBV (25-29 

mg/kg). Two patients were treated for 12 weeks, 13 patients for 24 weeks and 4 patients for 48 

weeks. Data on semen samples taken at week 48 are not shown in the figures because only 

4 samples were available. Sustained virological response (SVR) was achieved in 11 patients.

Semen analysis

At baseline semen abnormalities were common. Ten out of 23 patients (43%) had a low seminal 

volume (seminal volume <1.5ml), 9 patients (39%) had oligozoospermia (sperm concentration 

<15 x 106/ml) and 9 patients (39%) had asthenozoospermia (progressive motility <32%). Data 
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fig. 1
Progressive motility (A), semen concentration (B), seminal volume (C) and seminal morphology (D) during 
treatment (median, range)
Seminal volume was significantly decreased significantly at week 12 (p=0.005), but not at week 24. No significant 
changes in sperm concentration and progressive motility were observed during treatment. A non-significant 
decrease in spermatozoa with normal morphology was observed during treatment
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on sperm morphology were available in 9 patients; 4 out of 9 (44%) had teratozoospermia 

(defined as <4% normal spermatozoa) at baseline.

Seminal volume was significantly decreased at week 12 of treatment (p=0.005) but not at 

week 24 and 48 (figure 1a). Median sperm concentration at baseline was 29 x 106/ml (range 

3-344 x 106/ml). Median sperm concentrations at week 12, 24, 48 and FU24 were 38, 27, 37 

and 54 x 106/ml respectively. The median percentage of progressive motility at baseline was 

37% (range 2-64%). Median progressive motility percentages at week 12, 24, 48 and FU24 

were 37%, 39%, 42% and 43% respectively. Eleven out of 19 patients (58%) had a decrease 

in sperm concentration and 10 out of 19 had a decrease in progressive motility during treat-

ment, however both sperm concentrations and progressive motility were not significantly 

altered (figure 1b and c). At baseline median percentage of normal spermatozoa was 5% 

(range 0–11%). During treatment percentage of normal spermatozoa decreased, however this 

decrease was not significant (p=0.167) (figure 1d). Semen parameters during treatment did 

not significantly differ between patients receiving high dose or standard dose RBV.

Sperm DNA integrity analysis

Data on sperm DNA integrity were available in 18 patients. At baseline 4 of 18 patients (22%) 

had a DFI >30%, which is considered abnormal. Median DFI at baseline was 19.2% (range 

2.6 - 42.8%), 15.4% (range 1.5- 45.6%) at week 12, 17.5% (6.6 – 35.5%) at week 24, 13.1% 

(range 2.8 – 28%) at week 48 and 17.6% (range 2.6 -73.5%) at week FU24. DNA fragmenta-

tion index did not significantly change during treatment and follow up (figure 2). The median 

DFI of 18 HCV patients at baseline did not significantly differ from the median DFI of 22 proven 

fertile healthy controls: 19.2%, range 2.6 - 42.8% vs. 15.8%, range 6.4-25.7 (p=0.51).
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fig. 2 Sperm DNA integrity expressed as the DNA fragmentation index (DFI) during treatment (median, range)
No significant changes in sperm DNA integrity were observed during treatment and during follow up
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Endocrinological parameters

Changes in gonadotrophic hormones, free testosterone and inhibin B are shown in figure 3. 

A slight increase in both FSH (figure 3a) and LH (figure 3b) was seen during treatment which 

was significant for LH (p=0.011) but not for FSH (p=0.241). During follow up LH and FSH 

returned to baseline levels. There was a trend towards a decline of free testosterone and 

inhibin B (figure 3c and 3d) during treatment, however these declines did not reach statistical 

significance (p=0.074 and 0.138).
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fig. 3 Follicle stimulating hormone (FSH) (A), luteinizing hormone (LH) (B), free testosterone (C) and inhibin B (D) 
during treatment (median, range)
A significant increase in LH was observed during treatment (p=0.011). FSH was not significantly influenced by 
peginterferon alfa and ribavirin treatment (p=0.241). A decrease in free testosterone and Inhibin B was observed 
during treatment with a trend towards significance for testosterone (p=0.074)
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Factors influencing semen parameters and sperm DNA integrity

At baseline, methadone users had a higher DFI compared to patients not using methadone, 

32.2% vs. 12.6% (p=0.039) and DFI was higher in patients using antipsychotics (olanzapine 

and risperidon) compared to non-users (34.0% vs. 12.7%, p=0.01) (figure 4). In a multivari-

ate linear regression model both variables remained significant (p=0.035 for methadone and 

p=0.005 for antipsychotics). Sperm DNA integrity was significantly correlated with proges-

sive motility (r= -0.674, p<0.001). There was no difference in sperm volume, concentration 

and motility as well as sperm DNA integrity between baseline and follow up in patients who 

achieved SVR (table 2). Other factors influencing sperm concentration and progressive motil-

ity could be identified. Cannabis use was not associated with increased DFI.

p=0.01 p=0.039

a b

fig. 4
DFI in patients using antipsychotics (A) methadone (B) (median, range)
DFI was significantly increased in patients using methadone and antipsychotics

table 2. Median semen parameters at baseline and during follow up in both SVR (n=10) and non SVR patients (n=9).

SVR Parameters Baseline Follow up P

Volume 2.0 1.9 0.79

Concentration 26.0 x 106 51.0 x 106 0.11

Motility 38.0% 44.0% 0.84

Sperm DNA integrity 12.6% 18.0% 0.11

Non-SVR P

Volume 1.5 1.10 0.25

Concentration 60.5 x 106 59.0 x 106 0.31

Motility 22.5% 36.0% 0.18

Sperm DNA integrity 21.9% 17.2% 0.35
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dIsCussIOn

This study is the first to report on semen abnormalities, endocrinological parameters as well 

as sperm DNA integrity in HCV patients prior, during and after antiviral treatment with PEGIFN/

RBV. In this study approximately 40% of HCV patients had semen abnormalities at baseline. 

Sperm concentration and motility, which are predictors of male fertility, did not significantly 

change during treatment with PEGIFN/RBV and during follow up. We did find a significant 

decrease of semen volume at week 12 of treatment, which could possibly be explained 

by a decrease in sexual arousal during antiviral treatment (25). We also report on semen 

morphology, however, this parameter is considered unreliable because of a great inter- and 

intra- observer variability and secondly, this parameter is a poor predictor of fertility. For this 

reason morphology is no longer part of the standard semen analysis at our Andrology unit and 

data was not available in most patients. A decline in the amount of spermatozoa with normal 

morphology was observed during treatment, this decline however, was not significant.

Sperm DNA integrity is currently the most reliable predictor of spontaneous pregnancies 

and the occurrence of miscarriage. Potentially, it may be associated with the risk of birth 

defects. Sperm DNA damage, expressed as DFI, is increased in patients with various forms 

of cancer, treatment with radiotherapy and several andrological abnormalities (20, 26). The 

median DFI of HCV patients did not significantly differ from healthy controls and during 

therapy the DFI levels were not significantly altered. These findings are in disagreement with 

a case report on sperm DNA integrity during PEGIFN/RBV therapy for HCV (27). In this report 

about a patient receiving viraferon and RBV for chronic HCV, DFI levels increased during 

therapy and returned to baseline levels after treatment discontinuation.

At last we investigated alterations in gonadotrophic and gonadal hormones during anti-

viral treatment. An increase in FSH and LH was observed during treatment together with 

a decrease, although not significant, in free testosterone and inhibin B (down regulator of 

FSH). All endocrinological parameters returned to baseline levels during follow up. These 

results indicate a compensated minimal deterioration of testicular function during treatment 

with PEGIFN/RBV treatment. However, differences are small and should be interpreted with 

caution.

A possible explanation for semen abnormalities could be a direct effect of the virus on 

spermatogenesis (18). However, a decrease in the number of patients with semen abnormali-

ties after achieving SVR would then be expected (table 2). This was not the case in our study. 

Another explanation could be that semen abnormalities are not related to the virus but to 

confounding factors often seen in HCV patients like the use of methadone, cocaine, alcohol 

or specific medication (28-29). In our study DFI levels were significantly higher in methadone 

users and in patients who used antipsychotics. Despite the strong correlation between DFI 

levels and progressive motility, the use of methadone and antipsychotics were not associated 

with decreased progressive motility.
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Our findings are not entirely in agreement with previous findings of Hofer et al. (15). They 

found a significant decrease in sperm concentration at week 4 and a significant decrease 

in normal cell morphology at week 12 in a cohort of 15 patients. No significant changes in 

motility were found. They concluded that antiviral treatment leads to substantial alterations in 

both quantitative and qualitative parameters. However, changes in semen quality were only 

minimal, not consistent and only measured at week 4, 12 and 24 of treatment and not during 

follow up. Furthermore, sperm DNA integrity, a more reliable parameter of semen quality and 

teratogenity, was not assessed. An interesting finding of this study was the presence of RBV 

in sperm. They found a twofold higher concentration in semen compared to serum concentra-

tions at week 4 and 12 of antiviral treatment. Unfortunately data on RBV concentrations during 

follow up are still lacking and the clinical significance of detectable RBV in semen also remains 

unclear. In case RBV is transmittable to female partners then blood concentrations would be 

extremely low due to the small volume of semen samples.

In conclusion, sperm DNA integrity in HCV patients is comparable with healthy controls 

and is not affected by treatment with PEGIFN/RBV. Based on these findings and the findings 

of birth registry trials it would be questionable whether double contraception until 7 months 

after treatment cessation, or even during treatment, is necessary for male patients. Semen 

abnormalities were present in a proportion of HCV patients and considering the fact that 

these abnormalities did not resolve after achieving SVR, a plausible alternative cause for these 

abnormalities could be the confounding factors found in HCV patients, such as the use of 

methadone or antipsychotics.
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summARy And dIsCussIOn

In the last two decades great strides have been made in the treatment of chronic hepatitis C. 

To date, up to 70% of patients can be treated successfully by inducing a sustained virological 

response with peginterferon alfa and ribavirin. However, there are some viral, host and treat-

ment factors which reduce the probability of a successful treatment outcome (1). Patients 

infected with HCV genotype 1, which is the most common genotype in Europe, Northern 

America and Japan or patients infected with genotype 4, which is more common in Egypt, 

have a reduced chance of SVR compared to patients infected with genotype 2 and 3. On 

the other hand, several host factors, such as fibrosis stage, weight, sex, age, race and IL28b 

genotype all influence the chance of success of antiviral treatment (2). At last treatment 

adherence also plays an important role in the chance of achieving an SVR. Especially for 

patients with a low a-priori chance of viral response, maximum adherence is crucial to achieve 

a sustained virological response (3).

Unfortunately this treatment regimen is associated with many side effects which impair 

adherence and lead to dose reductions (4). Recently developed direct acting antivirals sig-

nificantly increase SVR rates in patients with HCV genotype 1 (5-6). However, these new 

agents also have side effects which will make therapy even harder to endure. In chapter 1 

of this thesis an overview of side effects and their management of both the current treatment 

regimen and the possible future regimens is given.

Optimizing guidelines for dose reductions

One of the most common side effects of peginterferon alfa/ribavirin treatment are cytopenias 

such as neutropenia, thrombocytopenia and anemia. Approximately 20% of patients develop 

a neutrophil count below 750/µL which is the most common reason for peginterferon alfa 

dose reductions (7). Furthermore guidelines recommend temporary discontinuation in case 

of an absolute neutrophil count below 375/µL. As mentioned previously dose reductions 

impair treatment efficacy and for this reason preventing them is crucial to achieve a sustained 

virological response.

In chapter 2 we investigated which factors are associated with the occurrence of infec-

tions and whether infections are associated with peginterferon alfa induced neutropenia. In 

this retrospective cohort study of 321 patients 96 infections were found in 70 patients (22%) 

and 95 patients (30%) developed an absolute neutrophil count below 750/µL. No association 

between infections and absolute neutrophil counts below 750/µL or 375/µL could be found. 

The only factors which were associated with an increased risk of infection were baseline 

hyperglycemia and older age. Another interesting finding of this study was that patients with 

neutropenia who underwent a dose reduction did not have fewer infections than neutropenic 

patients without dose reductions. However these results should be interpreted with caution 

because dose reductions were performed at discretion of the treating physician. In chapter 3 
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we investigated whether patients with treatment induced thrombocytopenia were more at risk 

to develop (major) bleedings during antiviral treatment. According to current guidelines pegin-

terferon alfa dose should be reduced in case of a platelet count below 50000/µL and should 

be temporary discontinued in case of a platelet count below 25000/ µL. In this retrospective 

cohort study, the same cohort of 321 patients was used. A total of 30 (9%) patients developed 

platelet counts below 50000/µL and 9 patients below 25000/µL. Forty-eight bleedings were 

observed in 27 patients (8.4%). Only 1 bleeding, due to gastrointestinal angiodysplasia, was 

defined as severe. However, this patient did not have severe thrombocytopenia at the time 

of bleeding. Bleedings were strongly correlated with platelet counts <50000/µL. However, no 

severe bleedings occurred in patients with platelet counts <50000/µL. In this cohort 12 of 30 

patients with platelet counts below 50000/μL underwent a dose reduction or discontinuation 

of peginterferon alfa dose. In the remaining 18 patients, who were treated outside of clinical 

trials, peginterferon alfa dose was maintained at discretion of treating physician. In these 

patients virological response and stability of platelet counts were also taken into account 

when a dose reduction was considered.

Based on the findings in chapters 2 and 3 we conclude that guidelines are too overly strict 

and should be adjusted. A possible alternative for the current guidelines for thrombocytopenia 

would be to maintain peginterferon alfa dose when platelet counts remain stable above 25000/

μL as long as the patient does not have signs of active bleeding. Peginterferon alfa dose 

should be temporarily discontinued when platelet counts drop below 25000/μL and could be 

restarted at a lower dose when platelet counts rise above 25000/μL again. For neutropenia 

the peginterferon alfa dose could be maintained as long as absolute neutrophil counts remain 

above 375/μL in case the patient does not have signs of a bacterial infection. In case of an 

absolute neutrophil count below 375/μL, peginterferon alfa dose should be reduced in steps 

of 25% until ANC remains stable above 375/μL.

Optimizing guidelines for stopping rules

On-treatment measurement of viral kinetics is crucial to predict the probability of a sustained 

virological response. A significant proportion of patients does not have an adequate response 

to treatment with peginterferon alfa and ribavirin defined as a <2 log drop in HCV RNA at week 

12 or HCV RNA positivity at week 24 (7-8). The negative predictive value of a partial or null 

response ranges between 97 and 100% and thus treatment can be stopped in these patients. 

These stopping rules have been based on studies using HCV RNA assays with a lower limit 

of detection (LLOD) of 50 IU/ml (9). Nowadays commonly used HCV RNA assays have a 

LLOD of 15-20 IU/ml (10-11) and even assays with a LLOD as low as 5 IU/ml are currently 

available (12). These differences in LLOD could lead to discordance in week 24 HCV RNA 

test results and thus in differences between positive predictive values (PPV). Furthermore 

it is unclear whether a negative test result at week 24 obtained by the TMA assay has the 

same negative predictive value (NPV) as a negative test result obtained by the less sensitive 
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PCR based assays. In case of comparable NPVs, the most sensitive assay should be used in 

order to prevent peginterferon alfa/ribavirin related side effects and costs due to unnecessary 

continuation of HCV therapy. In chapter 4 two PCR based assays (TaqMan and Amplicor) with 

a lower limit of detection of 15 and 20 IU/ml respectively and a TMA based assay (Versant) 

with LLOD of 5.3 IU/ml were compared. In this study a total 89 week 24 HCV RNA samples 

were tested with the two PCR based assays and the TMA assay. No discordance was found 

between the two PCR based assays. Discordance between the PCR based assays and the 

TMA assay was found in 11 out of 89 patients (12%). All patients with detectable HCV RNA 

at week 24 using the TMA assay experienced a viral relapse or breakthrough after or during 

treatment and thus the NPV of detectable HCV RNA at week 24 using the TMA assay was 

100% in this study. Furthermore, the PPV of a negative TMA test result was somewhat higher 

than the PPV of a negative PCR test result; 59 vs. 52%, although we should mention that 

these PPVs are based on all patients, including patients with undetectable HCV RNA at week 

12. Based on the results of this study the use of the more sensitive TMA assay could lead to 

the prevention of unnecessary treatment and thereby the associated side effects and costs.

Optimizing treatment response in previous non-responders

As mentioned previously, 50-60% of patients with genotype 1 and 4 do not respond to treat-

ment with peginterferon alfa and ribavirin, which has led to a continuous increase in the pool 

of patients non responsive to therapy. Retreating these patients with the same regimen leads 

to sustained virological response (SVR) rates between 4 and 15% (13-18). Increasing this 

percentage is considered to be a great challenge.

Pegylation of interferon (IFN) alfa has improved the pharmacokinetic profile of conventional 

IFN by maintaining constant blood levels. This enabled once-weekly dosing and resulted in 

higher response rates. However, it has been shown that the volume of distribution due to 

pegylation is considerably restricted, decreasing biological activity and potentially decreas-

ing treatment efficacy (19). Continuous exposure to IFN alfa could potentially overcome this 

hindrance by providing sustained and constant levels of a fully potent protein. We hypothesize 

that constant levels could induce a stable viral suppression and prevent side effects associ-

ated with peaks after injection as well as subtherapeutic drug levels associated with troughs. 

In chapter 5 and 6 we investigated the efficacy, safety and feasibility of continuous subcu-

taneous infusion of IFN alfa-2b in combination with weight-based ribavirin (15.2 mg/kg) for 

48 weeks in patients who previously failed to respond to peginterferon alfa and ribavirin. The 

most important finding was that continuous delivery of IFN alfa-2b in combination with riba-

virin resulted in a strong dose-dependent viral suppression. At week 4 two-thirds of patients 

from the 12 MU group had HCV RNA levels below 615 IU/ml and at week 12 all patients from 

this group had HCV RNA below 615 IU/ml. Furthermore, 50% of previous null and partial 

responders became HCV RNA negative during treatment. This strong viral suppression of 

high dose continuous subcutaneous IFN-2b infusion could play an important role within the 
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recently proposed concept of lead-in therapy prior to triple therapy with PEGIFN alfa, RBV and 

a direct antiviral agent. In these studies investigating direct antiviral agents, a rapid virological 

decline during a PEGIFN alfa/RBV lead-in was crucial to achieve SVR and prevent virological 

breakthrough or relapse (5, 20-22). Short-term high dose continuous IFN alfa infusion could 

help to achieve this necessary rapid viral decline and therefore this concept of continuous 

IFN-2b alfa could play an important role in the new era of direct antiviral agents. Especially 

patients with a known null or partial response to previous therapy with peginterferon alfa and 

ribavirin could benefit from this treatment concept.

Interferon levels were measured throughout the study, all patients reached steady state 

levels in the first weeks of treatment. The pharmacokinetic profile of continuous infusion of 

interferon alfa differs from that of treatment with peginterferon alfa-2a or 2b and ribavirin, 

which causes peak and trough concentrations. A study investigating pharmacokinetics of 

peginterferon alfa 2a and 2b showed that undetetectable trough concentrations of peginter-

feron alfa-2b can occur in some patients (23). This phenomenon did not occur in our study. 

A great interindividual variability of interferon alfa concentrations was measured between 

patients. For this reason it is difficult to use these concentrations for the prediction of treat-

ment outcome. To our knowledge, to date, no data have been published on the predictiveness 

of (peg)interferon alfa concentrations on treatment outcome.

Several markers for immune activation and viral kinetics in the early phase of treatment 

were measured in a subset of patients participating in this study (chapter 6). A typical biphasic 

viral decline was seen in most patients. The strongest decline was seen in patients receiving 

12 MU interferon per day. The immune markers neopterin, 2,5 OAS and beta-2-microglobulin 

increased in all patients with no significant differences between treatment groups except for 

higher neopterin levels in patients receiving 12 MU of continous interferon alfa-2b. No signifi-

cant correlations could be found between viral decline and markers for immune activation.

Spermatotoxicity of peginterferon alfa and ribavirin

In animals, ribavirin has repeatedly been proven to be teratogenic. Malformations of limbs, 

spine, ribs, eyes and central nervous system have been shown in rodents in addition to reduc-

tions in sperm count and alterations in morphology of spermatozoa (24-25) after exposure to 

ribavirin. Contradicting results have been found in studies investigating the effect of interferon 

alfa on semen quality (26-27). Little is known about the effects on offspring of males treated 

with peginterferon alfa and ribavirin. There are some reports of miscarriage but most pregnan-

cies resulted in normal live born infants (28-30). In a prospective observational cohort study 

pregnant women who were exposed both directly and indirectly to ribavirin, were followed till 

delivery and their live born infants were followed for one year. In this study, the incidence of 

birth defects after both direct and indirect ribavirin exposure did not significantly differ from 

that in the general population, but enrolment was too short to obtain the required sample size 

(31).
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In chapter 7 the occurrence of semen abnormalities in patients with HCV infection and the 

effect of peginterferon alfa/ribavirin treatment on spermatogenesis, sperm DNA integrity and 

endocrinological parameters prior to, during and after treatment are described. Approximately 

40% of HCV patients had semen abnormalities at baseline. Sperm concentration and motil-

ity, which are predictors of male fertility, did not significantly change during treatment with 

peginterferon alfa/ribavirin and during follow up.

Sperm DNA integrity is currently the most reliable predictor of spontaneous pregnancies 

and the occurrence of miscarriage. Potentially, it may be associated with the risk of birth 

defects. Sperm DNA damage, expressed as DFI, is increased in patients with various forms 

of cancer, treatment with radiotherapy and several andrological abnormalities (32-33). The 

median DFI of HCV patients did not significantly differ from healthy controls and during therapy 

the DFI levels were not significantly altered. Minimal changes in gonadotrophic and gonadal 

hormones were observed during antiviral treatment. An increase in FSH and LH was observed 

during treatment together with a decrease, although not significant, in free testosterone and 

inhibin B (down regulator of FSH). All endocrinological parameters returned to baseline levels 

during follow up. These results indicate a compensated minimal deterioration of testicular 

function during treatment with peginterferon alfa/ribavirin treatment. However, differences are 

small and should be interpreted with caution.

A possible explanation for semen abnormalities could be a direct effect of the virus on 

spermatogenesis (34). Another explanation could be that semen abnormalities are not related 

to the virus but to confounding factors often seen in HCV patients like the use of methadone, 

cocaine, alcohol or specific medication (35-36). In our study DFI levels were significantly 

higher in methadone users and in patients who used antipsychotics. Based on the findings of 

this study and based on the findings of birth registry trials it would be questionable whether 

double contraception until 7 months after treatment cessation, or even during treatment, is 

necessary for male patients.

COnClusIOn

Although great progress in optimizing response rates of peginterferon alfa and ribavirin for 

chronic hepatitis C have been made, still 30% of patients fail to respond to this treatment 

regimen. Factors associated with treatment failure are viral genotype, several host factors, 

and treatment adherence. Recently developed direct acting antiviral agents will increase the 

the number of successful treatment outcomes. Unfortunately, these agents cannot be given 

as monotherapy and are only successful when given in combination with peginterferon alfa 

and ribavirin. For this reason the combination of peginterferon alfa and ribavirin will remain the 

backbone of antiviral therapy for chronic hepatitis C in the following years. Management of 

side effects and adequate utilization of dose reduction rules will remain of utmost importance 
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to maximize treatment outcome. Conclusions from this thesis are that treatment of patients 

with thrombocytopenia and neutropenia is safe and therefore these patients should not be 

excluded from antiviral therapy. When treatment is initiated, the most sensitive qualitative HCV 

RNA assay should be used to monitor virological response at week 24 to prevent unnecessary 

treatment and thereby the associated costs and side effects. For patients with the lowest 

probability of response to triple therapy with peginterferon alfa, ribavirin and a direct acting 

antiviral agent, high dose continuous interferon alfa infusion could be a possible option to 

increase the probability of successful treatment outcome.
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sAmenvATTIng en dIsCussIe

In de laatste twee decennia is er een grote vooruitgang geboekt in de behandeling van chroni-

sche hepatitis C. Tot op heden kan 70% van de patiënten succesvol worden behandeld door 

een blijvende virologische response te induceren met peginterferon alfa en ribavirine. Er zijn 

echter virale en patientgebonden factoren die de kans op een succesvolle behandeling sterk 

verminderen (1). Patiënten die besmet zijn met HCV genotype 1, het meest voorkomende 

genotype in Europa, Noord-Amerika en Japan of patiënten besmet met genotype 4, dat vaker 

in Egypte voorkomt, hebben een verminderde kans op een blijvende virologische response 

dan patiënten besmet met genotype 2 en 3. Naast het virus spelen ook patient-gebonden 

factoren, zoals de mate van leverfibrose (verlittekening), gewicht, geslacht, leeftijd, ras en 

bepaalde genetische factoren een rol in de kans op een succesvolle antivirale behandeling. 

Onlangs is ondekt dat een bepaalde puntmutatie nabij het interleukine-28b gen de sterkste 

voorspeller is van een succesvolle antivirale behandeling (2). Tenslotte is er nog een derde fac-

tor die een belangrijke rol speelt in de kans op succes, namelijk het daadwerkelijk krijgen van 

meer dan 80% van de totale dosering voor meer dan 80% van de geplande behandelingsduur. 

Met name voor patiënten met een lage a priori kans op een succesvolle behandeling is een 

optimale behandeling van cruciaal belang voor het bereiken van een blijvende virologische 

response (3).

Helaas is de behandeling met peginterferon alfa en ribavirine geassocieerd met veel bij-

werkingen die vaak tot dosisverlagingen leiden, hierdoor is de meest optimale behandeling 

vaak niet mogelijk (4).

Gelukkig zijn er in de laatste jaren nieuwe antivirale middelen ontwikkeld voor patienten 

met genotype 1 die de kans op een blijvende response aanzienlijk verhogen (5-6). Helaas 

hebben deze nieuwe middelen ook weer veel bijwerkingen waardoor de behandeling nog 

moeilijker te verdragen wordt. In hoofdstuk 1 van dit proefschrift wordt een overzicht gegeven 

van de bijwerkingen van zowel de huidige behandelcombinatie als de toekomstige behan-

delelcombinaties.

Optimalisering van richtlijnen voor dosisverlagingen

Een paar van de meest voorkomende bijwerkingen van de behandelcombinatie peginterferon 

alfa en ribavirine zijn neutropenie (laag aantal afweercellen), trombocytopenie (laag aantal 

bloedplaatjes) en anemie (laag aantal rode bloedcellen). Ongeveer 20% van de patiënten ont-

wikkelt een absoluut neutrofielen getal onder de 750/µL, wat de meest voorkomende reden is 

voor het verlagen van de peginterferon alfa dosis (7). Deze dosisverlaging wordt verricht om 

bacteriele infecties te voorkomen. Bij een absoluut neutrofielen getal onder de 375/µL dient de 

peginterferon alfa zelfs tijdelijk te worden onderbroken. Echter, zoals eerder vermeld, leiden 

dosisverlagingen tot een minder effectieve behandeling. Om deze reden is het cruciaal om het 
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aantal dosisverlagingen tot een minimum te beperken om een zo groot mogelijke kans op een 

blijvende virologische response te creeren.

Bacteriele infecties komen veel voor tijdens de behandeling van hepatitis C. In hoofdstuk 

2 hebben wij onderzocht of peginterferon alfa geinduceerde neutropenia daadwerkelijk leidt 

tot meer bacteriele infecties en welke andere factoren eventueel gerelateerd zijn aan het 

ontstaan van deze infecties. In deze retrospectieve cohortstudie van 321 patiënten zijn er 96 

infecties gevonden in 70 patiënten (22%). Daarnaast ontwikkelden 95 patiënten (30%) een 

absoluut neutrofielen getal onder de 750/µL. Verrassend was dat hyperglycemie (diabetes 

mellitus) en oudere leeftijd de enige factoren waren die sterk geassocieerd waren met het 

ontstaan van infecties en dat er geen enkele relatie was met het neutrofielengetal en het 

ontstaan van infecties. Een tweede interessante bevinding van deze studie was dat patiënten 

met neutropenie die een dosisverlaging ondergingen niet minder infecties ontwikkelden dan 

patiënten met neutropenie die geen dosisverlaging ondergingen. Deze resultaten moeten ech-

ter met de nodige voorzichtigheid worden geïnterpreteerd omdat dosis verlagingen werden 

uitgevoerd op basis van de klinische conditie van de patient en dus bestaat er een kans 

dat een dosisverlaging niet werd uitgevoerd in fitte patienten die op voorhand een lagere 

kans op een eventuele infectie hadden. In hoofdstuk 3 hebben we onderzocht of patiënten 

met peginterferon alfa geinduceerde trombocytopenie meer risico hadden op het ontwikkelen 

van (ernstige) bloedingen tijdens de behandeling. Volgens de huidige richtlijnen dient de 

peginterferon alfa dosis te worden verlaagd in het geval van trombocyten onder de 50000/

µL en moet peginterferon alfa worden gestopt bij trombocyten onder de 25000/ µL. In deze 

studie is gebruikt gemaakt van hetzelfde cohort van 321 patiënten. In totaal ontwikkelden 30 

(9%) patiënten een matig ernstige trombocytopenie (bloedplaatjes lager dan 50000/µL) en 

9 patiënten ontwikkelden een ernstige trombocytopenie (bloedplaatjes lager dan 25000/µL). 

In totaal werden er 48 bloedingen in 27 patiënten waargenomen (8%). Slechts 1 bloeding, 

een darmbloeding, werd gedefinieerd als ernstig. De betreffende patiënt had echter geen 

matig ernstige trombocytopenie op het moment van bloeden. Er was wel degelijk een sterke 

correlatie tussen bloedingen en matige of ernstige trombocytopenie. Deze bloedingen waren 

echter allen als mild gedefinieerd. In dit cohort ondergingen 12 van de 30 patiënten met een 

trombocytengetal onder de 50000/μL een dosisverlaging of een staking van de behandeling 

van de peginterferon alfa dosis. In de resterende 18 patiënten, werd de peginterferon alfa 

dosis niet verlaagd. Bij deze patienten werd het belang van een virologische response en het 

stabiele trombocytengetal ook meegenomen in de overweging.

Gebaseerd op de bevindingen van de hoofdstukken 2 en 3 zijn de richtlijnen voor dosisre-

ducties momenteel te voorzichting en verminderen de kans op een optimale behandeling. Om 

deze reden moeten de richtlijnen worden aangepast. Een mogelijk alternatief voor de huidige 

richtlijnen voor trombocytopenie zou zijn om de peginterferon alfa dosering te handhaven 

bij een trombocytengetal boven 25000/μL zo lang de patiënt geen tekenen van een actieve 

bloeding heeft. Bij een trombocytengetal onder de 25000/μL zou de peginterferon alfa tijdelijk 
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gestopt moeten worden totdat de trombocyten weer boven de 25000/μL zijn gekomen, ver-

volgens kan de peginterferon alfa met een lagere dosering worden hervat. Bij een neutropenie 

kan de peginterferon alfa dosis gehandhaafd blijven zolang het absoluut neutrofielen getal 

boven 375/μL blijft in het geval de patiënt geen aanwijzingen voor een bacteriële infectie heeft. 

In het geval van een absoluut neutrofielen getal onder de 375/μl, moet de peginterferon alfa 

dosis worden verminderd in stappen van 25% totdat het absoluut neutrofielen getal stabiel 

boven de 375/μL blijft.

Optimaliseren van regels voor stopmomenten

Het meten van de virale kinetiek tijdens de behandeling is cruciaal voor het voorspellen van 

de kans op een succesvolle behandeling. Een aanzienlijk deel van de patiënten heeft slechts 

een gedeeltelijke response of geen response (non-response) op de behandeling. Hiervan is 

sprake als de virale daling op week 12 minder dan 2 log in HCV RNA is of wanneer het HCV 

RNA nog aantoonbaar is op week 24 van de behandeling (7-8). De negatieve voorspellende 

waarde van een gedeeltelijke response of een non-response ligt tussen de 97 en 100%. Het 

is dus niet zinvol door te gaan met de behandeling bij deze patiënten. Deze negatief voorspel-

lende waardes en de stopregels zijn gebaseerd op studies die HCV RNA testen gebruikten 

met een detectie ondergrens (LLOD) van 50 IU/ml (9). De HCV RNA tests die tegenwoordig 

veel gebruikt worden hebben echter een detectie ondergrens van 15 tot 20 IU/ml (10-11) en 

zelfs testen met een LLOD van 5 IU/ml zijn momenteel beschikbaar (12). Deze verschillen in 

detectiegrenzen kunnen leiden tot verschillende uitkomsten bij het meten van het HCV RNA 

op week 24 van de behandeling. Hoe gevoeliger de test, hoe groter de kans dat het HCV 

RNA nog aantoonbaar is en hoe groter de kans is dat de behandeling op week 24 gestopt 

wordt. Het is echter onduidelijk of het nog steeds terecht is om de behandeling te stoppen 

bij het gebruik van een gevoeligere test. Mocht dit wel het geval zijn dan zou altijd de meest 

gevoelige test gebruikt moeten worden om onnodige behandeling en de daarbij komende 

kosten en bijwerkingen te voorkomen.

In hoofdstuk 4 zijn twee PCR gebaseerde testen (TaqMan en Amplicor) met ondergrenzen 

van respectievelijk 15 en 20 IU/ml en een TMA gebaseerde test (Versant) met een ondergrens 

van 5.3 IU/ml met elkaar vergeleken. In deze studie zijn 89 week 24 HCV RNA samples getest 

met zowel de twee PCR testen als de TMA test. Er werden geen verschillen in uitkomsten 

gevonden tussen de twee PCR gebaseerde testen. Echter 11 van de 89 samples (12%) waren 

wel positief wanneer zij werden hertest met de veel gevoeligere TMA test. Geen enkele patient 

met aantoonbaar HCV RNA op week 24 gedetecteerd met de TMA test behaalde uiteindelijk 

een succesvolle virale response. De negatief voorspellende waarde van aantoonbaar HCV 

RNA met de meest gevoelige test was in deze studie dus nog steeds 100%. Bovendien was 

de positief voorspellende waarde van een ondetecteerbaar HCV RNA hoger dan de positief 

voorspellende waarde van een negatief testresultaat behaald met de minder gevoelige PCR 

test; namelijk 59 vs. 52%. Gebaseerd op de resultaten van deze studie moet altijd de meest 
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gevoelige HCV RNA test gebruikt worden om onnodige behandeling en de daarbij horende 

bijwerkingen en kosten te voorkomen.

Optimaliseren van de behandeling in eerdere non-responders

Zoals al eerder genoemd reageert ongeveer 50 tot 60% van de patiënten met genotype 1 en 4 

reageren niet op behandeling met peginterferon alfa en ribavirine. Dit heeft geleid tot een grote 

groep van non-responders. Wanneer deze groep nog eens behandeld wordt met dezelfde 

behandelcombinatie behaalt ongeveer 4 tot 15% een blijvende virologische response (13-18). 

Verhoging van dit percentage wordt beschouwd als de belangrijkste uitdaging op dit moment.

Pegylering van interferon alfa heeft het farmacokinetische profiel van conventioneel interfe-

ron verbeterd door constantere bloedspiegels van interferon vergeleken met regulier interferon 

alfa te bewerkstelligen. Naast de hogere response percentages hoeft peginterferon alfa nog 

maar 1 keer per week toegediend te worden in plaats van 3 keer per week. Een nadeel van 

pegylering is echter dat het verdelingsvolume en de biologische activiteit aanzienlijk minder 

zijn dan bij conventioneel interferon alfa en daarmee mogelijk ook de virale effectiviteit (19). 

Continue toediening van regulier interferon alfa zou deze belemmering kunnen opheffen door 

middel van het creeren van constante spiegels van regulier interferon alfa met een maximale 

biologische activiteit. Wij veronderstellen dat constante concentraties van interferon alfa leiden 

tot een constante onderdrukking van het virus en dat bijwerkingen die normaal voorkomen 

bij de wekelijkse peginterferon alfa geinduceerde concentratiepieken alsmede de potentiele 

subtherapeutische concentratiedalen aan het einde van de week kunnen worden voorkomen. 

Hoofdstuk 5 en 6 gaan over de effectiviteit, veiligheid en haalbaarheid van continue subcu-

tane toediening van interferon alfa in combinatie met ribavirine voor 48 weken bij patiënten 

die eerder niet voldoende gereageerd hebben op de standaard behandeling met peginterferon 

alfa en ribavirine. De belangrijkste bevinding van dit onderzoek was dat continue toediening 

van interferon alfa in combinatie met ribavirine resulteerde in een sterke dosis afhankelijke 

virale onderdrukking. Na 4 weken behandeling had tweederde van de patiënten uit de hoge 

dosis groep (12MU) HCV RNA concentraties onder de 615 IU/ml en op week 12 had alle 

patiënten uit deze groep een HCV RNA concentratie onder de 615 IU/ml. Bovendien werd 

50% van de patienten die eerder helemaal niet of nauwelijks reageerde op de behandeling 

tijdens deze behandeling HCV RNA negatief. Deze sterke virale onderdrukking van hoge 

dosis continue subcutane interferon alfa toediening kan een belangrijke rol spelen tijdens 

toekomstige behandelschema’s met één van de nieuwe antivirale middelen. In de studies 

die deze middelen onderzochten werd voordat dit middel werd toegevoegd eerst 4 weken 

behandeld met alleen peginterferon alfa en ribavirine. Dit om het virus alvast wat af te zwakken 

waardoor de kans op resistentie voor het nieuwe middel (boceprevir) kleiner werd. Patienten 

die tijdens deze zogenaamde ‘lead-in’ fase nauwelijk daling hadden, hadden ook een veel 

kleinere kans op een succesvolle behandeling. Hoge dosis continue interferon alfa zou, gezien 



131Samenvatting en discussie

de sterke virale daling die het kan induceren, in deze groep slecht reagerende patienten van 

grote betekenis kunnen zijn (5, 20-22).

Tijdens deze studie werden ook interferon concentraties gemeten. In alle patiënten werden 

uiteindelijk stabiele concentraties bereikt. Dit farmacokinetische profiel verschilt dus van 

peginterferon alfa, waarbij pieken en dalen worden gezien. Een onderzoek naar farmacokine-

tiek van peginterferon alfa toonde aan dat bij sommige patienten peginterferon alfa concen-

traties aan het einde van de week (vlak voor de volgende injectie) niet meer meetbaar waren 

(23). Bij de continue toediening van interferon alfa in deze studie kwam dit bij geen enkele 

patient voor. Wel werd er een grote variabiliteit van interferon alfa concentraties gemeten 

tussen de patiënten. Om deze reden is het moeilijk om deze concentraties te gebruiken voor 

een eventuele voorspelling van een succesvolle behandeling. Voor zover bekend zijn er ook 

geen studies waarin peginterferon alfa concentraties bruikbaar waren voor de voorspelling 

van een succesvolle behandeling.

Verder is de virale kinetiek en verschillende markers voor immuunactivatie gemeten in 

de vroege fase van de studie in een subgroep van patiënten (hoofdstuk 6). Een typische 

bifasische virale daling was te zien bij de meeste patiënten. De sterkste daling was te zien 

in patienten die de hoogste dosering (12 MU) ontvingen. De markers voor immuunactivatie: 

neopterine, 2,5 OAS en bèta-2-microglobuline waren bij alle patiënten verhoogd zonder sig-

nificante verschillen tussen de verschillende behandelgroepen met uitzondering van hogere 

neopterine concentraties in patiënten die 12 MU ontvingen. Geen significante correlaties 

konden worden gevonden tussen de virale daling en de markers voor immuunactivatie.

Spermatoxiciteit van peginterferon alfa en ribavirine

In dierexperimenten is herhaaldelijk bewezen dat ribavirine teratogeen is. Aangeboren 

afwijkingen van ledematen, de wervelkolom, ribben, ogen en het centrale zenuwstelsel zijn 

geobserveerd bij knaagdieren. Daarnaast was het aantal spermacellen minder en werden er 

afwijkingen gevonden in de morfologie van spermacellen (24-25) na blootstelling aan ribavi-

rine. Tegenstrijdige resultaten zijn gevonden in studies die onderzoek deden naar het effect 

van interferon alfa op de sperma kwaliteit (26-27). Er is weinig bekend over de effecten op 

het nageslacht van mannen die behandeld werden met peginterferon alfa en ribavirine. Er zijn 

enkele publicaties over miskramen na indirecte blootstelling van de vrucht via de man. De 

meeste gerapporteerde zwangerschappen resulteerden echter in normale gezonde baby’s 

(28-30). In een prospectieve observationele cohort studie naar zwangere vrouwen die zowel 

direct als indirect werden blootgesteld aan ribavirine was de incidentie van aangeboren 

afwijkingen niet hoger dan de incidentie van aangeboren afwijkingen in de algemene bevol-

king. Het aantal geincludeerde vrouwen was echter wel te klein voor de vooraf berekende 

powercalculatie (31).

Hoofdstuk 7 beschrijft het voorkomen van sperma afwijkingen bij patiënten met chroni-

sche hepatitis C en het effect van de behandeling met peginterferon alfa en ribavirine op de 
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spermatogenese, sperma DNA integriteit en endocrinologische parameters. Ongeveer 40% 

van de hepatitis C patienten hadden voorafgaand aan de behandeling al sperma afwijkingen. 

Echter spermaconcentratie en motiliteit (beweeglijkheid), belangrijke voorspellers van de 

mannelijke vruchtbaarheid, veranderden niet tijdens de behandeling met peginterferon alfa en 

ribavirine. Ook na de behandeling was er geen significante verandering te zien.

Sperma DNA integriteit is momenteel een van de meest betrouwbare voorspellers van 

spontane zwangerschappen of de kans op een miskraam. Sperma DNA integriteit wordt 

uitgedrukt in de DNA fragmentatie index (DFI). Het DFI is verhoogd bij patiënten met verschil-

lende vormen van kanker, patienten die bestraling hebben ondergaan of bij patienten met 

verschillende andrologische afwijkingen (32-33). De mediane DFI van hepatitis C patiënten 

verschilde niet aanzienlijk van gezonde patienten zonder hepatitis C. Verder veranderden de 

DFI waardes niet significant tijdens de behandeling met peginterferon alfa en ribavirine. Wel 

werden er minimale veranderingen in de gonadotrofe en gonadale hormonen waargenomen 

tijdens de antivirale behandeling. Er werd een toename van zowel FSH en LH geobserveerd 

gecombineerd met een daling, hoewel niet significant, in het vrije testosteron en het inhibine 

B (downregulator van FSH). Na het staken van de behandeling herstelden alle endocrinolo-

gische parameters tot het niveau van voor de behandeling. Deze resultaten wijzen erop dat 

er sprake was van een gecompenseerde minimale verslechtering van de testiculaire functie 

tijdens behandeling met peginterferon alfa en ribavirine. Echter, de verschillen zijn klein en 

moeten derhalve met voorzichtigheid geïnterpreteerd worden.

Een mogelijke verklaring voor de sperma afwijkingen zou een direct effect van het virus 

op de spermatogenese kunnen zijn (34). Een andere mogelijke verklaring zou kunnen zijn dat 

de sperma afwijkingen niet gerelateerd zijn aan de chronische hepatitis C maar aan andere 

factoren die vaak voorkomen bij hepatitis C gebruik zoals het gebruik van methadon, cocaïne, 

alcohol of specifieke medicatie (35-36). In onze studie waren DFI waardes significant hoger in 

methadon gebruikers en bij patiënten die antipsychotica gebruikten. Op basis van de bevin-

dingen van deze studie en op basis van de bevindingen van de observationele cohort studie 

bij zwangere vrouwen die zowel direct als indirect zijn blootgesteld aan peginterferon alfa en 

ribavirine is het maar de vraag of dubbele anticonceptie tot 7 maanden na het staken van de 

behandeling wel echt nodig is.

COnClusIe

Hoewel er grote vooruitgang is geboekt in het optimaliseren van de behandeling van chroni-

sche hepatitis C met peginterferon alfa en ribavirine, reageert nog steeds ongeveer 30% van 

de patiënten niet op deze behandelcombinatie. Factoren van invloed op de kans van slagen 

op deze behandeling zijn het virale genotype, patientgebonden factoren en het geven van een 

optimale dosering. Recent ontwikkelde antivirale middelen zullen het percentage succesvolle 
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behandeling nog verder laten toenemen. Helaas, kunnen deze middelen niet als monotherapie 

gegeven worden en zijn ze alleen succesvol in combinatie met peginterferon alfa en ribavirine. 

Peginterferon alfa en ribavirine blijven daarom de basis voor antivirale therapie in de komende 

jaren. Het adequaat behandelen van bijwerkingen en het correct reguleren van de optimale 

dosering blijft daarom cruciaal voor een succesvolle uitkomst van de therapie. Verder blijkt 

uit dit proefschrift dat de behandeling van patienten met thrombocytopenie en neutropenie 

veilig is en daarom hoeft men deze groep patienten niet te onthouden van antivirale therapie. 

Ook kunnen de regels voor dosisreducties vanwege trombocytopenie en neutropenie enigzins 

versoepeld worden. Tijdens de behandeling is het gebruik van de meest gevoelige HCV RNA 

test zeer belangrijk om onnodig lange behandeling en de daarmee geassocieerde kosten en 

bijwerkingen te voorkomen. Voor patiënten met de laagste kans op een succesvolle response 

op therapie met peginterferon alfa, ribavirine en een direct antiviraal middel, zou een continue 

toegediende hoge dosis interferon alfa een mogelijke optie kunnen zijn om de kans op een 

succesvolle behandeling te verhogen.
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Toen ik in april van dit jaar begon met de opleiding tot MDL-arts dacht wel zo goed als klaar te 

zijn; alleen nog een inleiding, discussie, dankwoord en promoveren maar. Echter de combina-

tie werken in de kliniek en het afronden van een proefschrift bleek me inderdaad, zoals velen 

voor mij reeds gezegd hebben, behoorlijk zwaar te vallen. Ik ben daarom ook erg blij met de 

geboden mogelijkheid om mij ruim 3 jaar lang alleen op onderzoek te kunnen focussen. Het 

werk, de enorme flexibiliteit en vooral de collega’s maakten deze periode tot een zeer prettige 

periode die ik voor altijd zal koesteren. 

Als eerste wil ik mijn co-promotor Rob de Knegt bedanken. Ongeveer 4 jaar geleden vroeg 

jij mij tijdens mijn oudste co-schap op de afdeling MDL of ik interesse had in onderzoek naar 

hepatitis C. Later bleek dat ik als nogal verlegen en onzekere co-assistent me geen betere 

begeleider had kunnen wensen. De manier waarop jij mij behandelde, maakte mij zelfverze-

kerder en bewust van mijn eigen kunnen. Zo ga je echter met al je collega’s om en dat maakt 

jou tot één van de meest collegiale personen die ik ken. Jouw bijdrage aan de goede sfeer 

binnen de groep is dan ook enorm. Naast dat het natuurlijk ontzettend gezellig was en wij 

als promovendi jou af en toe tot de orde moesten roepen, wil ik je ook bedanken voor je vele 

wetenschappelijke tips. Met je heldere kijk op problemen en je expertise op het gebied van 

hepatitis C heb je een enorme bijdrage aan dit proefschrift geleverd. Ik wens je het allerbeste 

en hoop nog veel met je te mogen werken in de toekomst!

Daarnaast wil ik mijn promotor Professor Harry Janssen bedanken. Jij leidt een onder-

zoeksgroep waar wereldwijd velen jaloers op kunnen zijn. Het is dan ook een eer om in zo 

een groep te mogen werken. Ik heb veel bewondering voor je zakelijke en enorm effectieve 

manier van werken. Je hebt me altijd vrij gelaten om ook mijn eigen ideeën uit te werken, 

maar ondertussen wist je precies wat er speelde en wanneer jouw expertise nodig was. Ik wil 

je bedanken voor alle mogelijkheden die je me geboden hebt. Verder wens ik je alle geluk en 

succes met je toekomstige carrière. 

Rob de Man, mijn opleider, wil ik bedanken voor de goede medische begeleiding en advie-

zen tijdens mijn oudste co-schap. U adviseerde me destijds promotieonderzoek te doen. Nu 

ruim 4 jaar later ben ik bijna gepromoveerd en in opleiding tot MDL arts. Verder wil ik prof.dr. 

J.P.H. Drenth bedanken voor de jarenlange prettige samenwerking en de beoordeling van mijn 

proefschrift. prof.dr. H.J. Metselaar en prof.dr. A.G. Vulto wil ik ook graag bedanken voor het 

beoordelen van mijn proefschrift. At last, it is an honour to have prof. A. Craxi, prof.dr. H.A. 

Verbrugh, dr. H.W. Reesink and prof.dr. C.A.B. Boucher in my thesis defense committee.  

Beste Andre, Mark, Anthonie, Duygu en Bisheng, ondanks de grote verschillen tussen lab 

en kliniek, heb ik de samenwerking altijd als zeer prettig ervaren. De brainstormsessies bij 

collega’s thuis, die soms meer op wijnproeverijen leken, waren erg leerzaam!

Toen ik mij in 2007 aansloot bij het hepatitis C team heb ik veel geleerd van mijn voorgan-

gers. Geert, kort hebben wij maar samengewerkt maar ik wil je bedanken voor alle nuttige 
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tips en de prettige samenwerking. Jilling, jij bent de grootste rasoptimist op aarde. Onderzoek 

doen kent vele pieken en dalen maar hoe diep het dal ook was, jij bleef altijd lachen, positief 

gestemd en zeer gemotiveerd. Veel succes met je verdere carrière!

Daphne, samen hadden wij het motto ‘Beat the virus’ en gelukkig hebben we heel wat 

virussen verslagen! Hoeveel (ex)heroïne verslaafden heb jij al niet van hun virus afgeholpen?! 

Ik ken je als een collega met hart voor haar patiënten (zelfs je koffie deelde je met ze ;-)) en heb 

altijd veel met je gelachen. Ik zal onze koffiemomentjes nooit vergeten.

Ad, als jij water bent dan ben ik vuur. Ondanks dat, ben ik al 2 keer op vakantie met je 

geweest, heb ik tijdens congressen al 3 keer een hotelkamer met je gedeeld en hebben wij 

samen al duizenden kilometers op de fiets afgelegd. Dit alles met veel plezier. Ik waardeer je 

als collega en persoon dan ook enorm en als het aan mij ligt, fietsen we nog wel een paar 

duizend kilometer samen!

Ludi, als mijn opvolger wens ik je veel succes met je onderzoek en verdere carrière. Ik hoop 

dat je de VIRID studie succesvol zal afronden!

Bettina, het is überhaupt al een luxe om zoveel begeleiding van een vaste en erg betrokken 

statisticus te hebben. En dan wat voor één? Een hippe Deense met 2 pubers die tijdens het 

stappen op congressen als laatste de kroeg verlaat! Bettina, ik wil je bedanken voor alle 

statistische hulp, je enorme steun en alle gezellige momenten!

Promotieonderzoek op de afdeling Hepatologie van het Erasmus MC vindt plaats op de 

zogenaamde ‘dakpoli’. Een ‘tijdelijke’ houten constructie daterend uit de early nineties. Door 

outsiders ook wel heel oneerbiedig ‘de Duiventil’ genoemd. Op de dakpoli deelde ik mijn 

kamer voor het grootste gedeelte van de tijd met Vincent Rijckborst. Vincent, ja ik kwam 

inderdaad een dag eerder om het beste bureau uit te kiezen ;-). Drie jaar deelden wij samen 

een kleine stoffige kamer. Je kwam in eerste instantie over als een rustige en geconcentreerde 

jongen. Later bleek dat eerste niet helemaal te kloppen. Naast de orde en concentratie waar-

mee jij zeer effectief je werk verrichtte, bleek je ook nogal prettig gestoord te zijn. Ik heb intens 

genoten van al je uit het niets komende freestyle raps, de vele foute grappen en je dansjes 

als ‘de PILF meister’. Inmiddels ben je alweer bijna een jaar in opleiding en zijn nummer 2 en 

3 ook op komst. Ik ben ervan overtuigd dat je een goede arts bent en wens je alle geluk met 

je gezin. Tot snel!

Edith en Pauline, na ruim 2 jaar met een man de kamer gedeeld te hebben, vond ik het wel 

een beetje een eng idee om ineens met 2 vrouwen ‘mijn’ kamer te moeten delen. Gelukkig 

viel dit alles erg mee: al snel kwamen er bloemen op de kamer en zelfs de muffe geur leek 

wat minder te worden. Ik vond het ontzettend gezellig de laatste maanden en wens jullie alle 

succes met jullie onderzoek. 

Ook de andere bewoners van het dak wil ik bedanken voor de mooie tijd. Paul, met jou 

heb ik misschien wel de meeste tijd doorgebracht. Naast de vele koffiemomenten, hebben wij 

prachtige fietstochten gemaakt. Deze tochten en de vele gesprekken heb ik altijd erg gewaar-

deerd. Ik waardeer je nuchtere kijk op veel zaken en ben je inmiddels meer als vriend dan 
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collega gaan zien. Bedankt dat je mijn paranimf wilt zijn en ik wens je alle succes met je eigen 

promotie en verdere carrière. Roeland, ook jij bent succesvol besmet met het fietsvirus. Je 

bent een enorm gezellige vent en op weg naar een indrukwekkend boekje. Veel succes met de 

vooropleiding in het Ikazia ziekenhuis. Femme, menig man is jaloers op jouw fietskwaliteiten. 

Ik ben blij dat je nu ook bij de Rotterdamse club hoort! Veel succes met je vooropleiding in het 

Lucas Andreas. Milan, jij bent het wetenschappelijke talent van de dakpoli. Ik ken niemand 

die zo makkelijk data analyseert en constant met nieuwe ideeën komt. Bedankt voor het 

meedenken en al je statistische ‘tips en tricks’.

Verder wil ik Désirée, Nicoline, Edmée, Margot, Aafke, Aria, Jildou, Jorie, Renate, Lisanne, 

Erik, Lisanne, Moniek, Esmay, Lieke, Edith, kleine Vincent, Leonie, Jur, Bart, Martijn, Caroline, 

Arjun, Suzanne, Lisette, Mark, Jerome, Lauran, Judith en alle andere onderzoekers bedanken 

voor de leuke tijd die ik heb gehad. 

Marion en Margriet, zonder jullie zou de gehele afdeling volledig vastlopen. Ontzettend 

bedankt voor alle ondersteuning van de afgelopen 3 jaar. Marion, de laatste maanden voor 

mijn promotie heb je mij als een gids door alle promotieperikelen geholpen. Hiermee heb je 

me heel wat zorgen ontnomen. Ontzettend bedankt hiervoor!

Cokkie, Heleen, Lucille, Melek en Anneke, jullie zijn de motor die de studies draaiende 

houdt. Bedankt voor al jullie hulp tijdens de trial poli’s en alle gezellige momentjes tussen de 

patiënten door!

Wanda, jarenlang was jij verantwoordelijk als manager van de VIRID studie en alles regelde 

je tot in de puntjes! Heel erg bedankt voor wat je voor de studie hebt gedaan en heel veel 

succes met je nieuwe baan als secretaris van de METC. Irene, Judith, Edith, Elke en Annelies 

bedankt voor alle ondersteuning van het trial bureau!

Zonder de nodige ontspanning zo nu en dan had ik dit traject zeker niet volgehouden. 

Frits, Rogier, Antim, Tim, Michael, Esser, Ralph, Maus, Marvin, Robert Jan, Robert Jan, Jelle, 

Gregor en Lars thanx voor alle mooie vakanties, festivals en stapavonden. Esser bedankt voor 

je creatieve input bij het ontwerp van de kaft!

Lieve pap en mam, bedankt voor jullie onvoorwaardelijke steun en interesse gedurende 

de afgelopen jaren. Er zijn meerdere momenten geweest waarop ik het zwaar had en op die 

momenten heb ik veel aan jullie gehad. Dennis, allereerst bedankt dat je mijn paranimf wilt zijn. 

Ook voor jou waren de laatste 2 jaren ontzettend zwaar met een fulltime baan en daarnaast 

een avondstudie. Inmiddels heeft dit geleid tot jouw eerste wetenschappelijke artikel. Michael, 

jouw levensstijl is er een om jaloers op te zijn. Heerlijk hoe je toch weer op zoek gaat naar het 

onbekende, ik wens je veel succes met je nieuwe avontuur in Kaapstad. Ik beschouw het als 

een voorrecht om twee broers zoals jullie te hebben. Ik ben enorm trots op jullie!

Lieve Sarah, ik heb je leren kennen tijdens de eerste maanden van mijn promotietraject 

en jij hebt alle pieken en dalen van mijn promotietraject meegemaakt. Je weet niet half hoe 

fijn ik het vind om dingen met jou te delen en hoeveel waarde ik hecht aan jouw mening. Het 

afgelopen jaar was met een verhuizing, een nieuwe baan en het afronden van mijn proefschrift 
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nogal zwaar. Gelukkig hebben jouw hulp en steun het een stuk makkelijker gemaakt. Inmid-

dels is ons prachtige huis af en mijn proefschrift afgerond. Nog een paar maanden en dan 

volgt onze nieuwe uitdaging. Ik kijk daar ontzettend naar uit.
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1. PhD training
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general courses
Classical methods of data analysis. Netherlands Institute for Health Sciences, 
Rotterdam, the Netherlands.

2009 104 hours

Presentations and workshops
Infections during treatment with peginterferon and Ribavirin for chronic hepatitis 
C is not associated with Neutropenia. 60th Annual meeting of the American 
Association for the Study of Liver Diseases (AASLD), Boston 

2009 36 hours

Sperm DNA integrity is not affected by treatment with peginterferon alfa and 
ribavirin for chronic hepatitis C. Annual meeting of the Netherlands Association of 
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Discordance between different HCV RNA assays for Week 24 HCV RNA 
determination during peginterferon alfa/ribavirin treatment for chronic hepatitis 
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Continuous subcutaneous administration of high dose interferon alfa 2b 
combined with ribavirin in chronic hepatitis C patients: a dose finding and safety 
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Association for the Study of Liver Diseases (AASLD), Boston 

2010 36 hours

Sperm DNA integrity is not affected by treatment with peginterferon alfa and 
ribavirin for chronic hepatitis C, (Presidential poster of distinction) 61st Annual 
meeting of the American Association for the Study of Liver Diseases (AASLD), Boston 

2010 36 hours
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year workload
International conferences
43rd Annual Meeting of the European Association for the Study of the Liver 
(EASL). Milan, Italy.

2008 28 hours

44th Annual Meeting of the European Association for the Study of the Liver 
(EASL). Copenhagen, Denmark.

2009 28 hours

The Liver Meeting 2009, 60th Annual Meeting of the American Association for the 
Study of Liver Diseases (AASLD). Boston, MA, United States of America.

2009 28 hours

45th Annual Meeting of the European Association for the Study of the Liver 
(EASL). Vienna, Austria.

2010 28 hours

The Liver Meeting 2010, 61st Annual Meeting of the American Association for the 
Study of Liver Diseases (AASLD). Boston, MA, United States of America.

2010 28 hours

Attended seminars and workshops
De sterkste schakel Hepatitis B en C 2007 2 hours
5th Post-AASLD symposium. Rotterdam, the Netherlands. 2007 2 hours
Hepatitis Masterclass. Utrecht, the Netherlands 2008 18 hours
Eerste Lagerhuisdebat Hepatitis B en C. Amsterdam, the Netherlands. 2008 2 hours
6th Post-AASLD symposium. Rotterdam, the Netherlands. 2008 2 hours
Abdominal Ultrasound Course, Dutch Liver Week,  Soestduinen, The Netherlands 2009 16 hours
Cursus Effectief presenteren van wetenschappelijk onderzoek. 2009 8 hours
Tweede Lagerhuisdebat Hepatitis B en C. Amsterdam, the Netherlands. 2009 2 hours
7th Post-AASLD symposium. Rotterdam, the Netherlands. 2009 2 hours
Federa Medisch Wetenschappelijke dag 2010 8 hours
8th Post-AASLD symposium. Rotterdam, the Netherlands. 2010 2 hours
Derde Lagerhuisdebat Hepatitis B en C. Utrecht, the Netherlands. 2010 2 hours

 
2. Teaching

year workload
lecturing
Chronic hepatitis C, Oost Europa cursus, Isala klinieken, Zwolle 2008 12 hours

Diagnosis and treatment of chronic hepatitis C. Third year Erasmus MC medical 
students participating in a 4-week Gastroenterology and Hepatology training 
program. Rotterdam, the Netherlands.

2009 4 hours

Behandeling van chronische hepatitis C, ROIG onderwijs, Erasmus MC. 2010 4 hours
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