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Abstract t 

Objectives:: To increase the sustained virological response (SVR) rate in treatment naive 

patientss with chronic hepatits C using a high induction dose of interferon a-2b (IFN) 

combinedd with ribavirin and amantadine. 

Methods:: 26 treatment-naïve patients with chronic hepatitis C received IFN according to the 

followingg schedule: weeks 1 - 2: 6 MU 8-hourly; weeks 3 - 4: 3 MU 8-hourly; weeks 5 - 6: 3 

MUMU 12-hourly; subsequently patients were treated with 3 MU IFN daily. Genotype 1 patients 

weree treated for 58 weeks and genotype non 1 patients for 32 weeks. All patients received 

fromm the start of therapy ribavirin 1000-1200 mg and amantadine 100 mg daily. HCV RNA 

levelss were determined using a quantitative bDNA assay (detection limit 615 lUmL). When 

resultss were below the detection limit . HCV RNA was measured using a qualitative PCR 

assayy {detection limit 50 IU/mL). 

Results:: Ten patients with genotype 1 and 16 patients infected with genotype non-1 (4 

patientss genotype 2. 7 patients genotype 3. 5 patients genotype 4) were treated. At week 6 

88 10 patients with genotype 1 and 15. 16 patients with genotype non-1 were HCV RNA 

negativee as measured by PCR. At the end of treatment 7 10 (70%) patients with genotype 1 

andd 12 16 (75%) patients with genotype non-1 were HCV RNA negative. At the end of follow 

upp of 26 weeks 6/10 (60%) patients with genotype 1 and 1 1/16 (68%) patients with genotype 

non-11 were HCV RNA negative. The per protocol analysis showed an SVR rate of 6 7 (85%) 

inn patients with genotype 1 and 1112 (92%) in patients with genotype non-1. Fourteen of 26 

patientss showed an increase in ALA T levels during week 0-2 of treatment. In five of 6 

patientss with genotype 1 and a SVR and seven of 12 patients with genotype non-1 and a SVR 

serumm ALA T increased between week 0 and 2. Seven of 26 patients (27%) (3 genotype 1 

patientss and 4 genotype non-1) stopped treatment due to IFN-related side effects (bacterial 

infectionss [n=2J. psychiatric side effects [n-2]. severe fatigue [n=3]).Tiredness, flu-like 
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symptoms,, sleeping disorders, agitation, and loss of appetite were the most common side 

effects. . 

Conclusions:: High dose IFN induction therapy combined with ribavirin and amantadine mav 

inducee a high SVR rate in patients with chronic hepatitis C. especially those infected with 

HCVV of genotype 1. In patients who completed the treatment protocol the SVR rate was 85% 

forr patients with genotype 1 and 92% for those with genotype non-1. 
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Introduction n 

Thee current treatment of choice for chronic hepatitis C is a combination of interferon alpha 

(IFN)) or pegylated IFN (PHG IFN) and ribavirin for 24 or 4K weeks; such therapy is 

associatedd with a sustained virological response (SVR) rate of 28 - 42% in patients with 

genotypee 1 and 64 - 82% in patients with genotype non-1 (11:16). An initial decline in serum 

HCVV RNA predicts the outcome of therapy: patients with a SVR have either undetectable 

plasmaa HCV RNA at day 14. or a more than 3 log decrease in viral load within 4 weeks of the 

startt of therapy {2; 14). Furthermore patients who are HCV RNA negative by qualitative PCR 

33 months after initiation of IFN therapy, are most likely to achieve a SVR(18).On the other 

hand,, if HCV RNA is still detectable after one month of treatment discontinuation of therapy 

orr modification of standard therapy should considered, since the chance of achieving a SVR is 

veryy low (4). 

Thee decrease in serum HCV RNA in patients who respond to IFN therapy is biphasic( 14). A 

rapidd decrease of HCV RNA during the first 48 hours of therapy can be explained by an 

inhibitor)) effect of IFN on production and or release of virus by infected cells. This 

phenomenonn is dose-dependent(9:10). In patients who respond to IFN. after the initial phase 

off  rapid decline of HCV RNA. second phase is observed in which HCV RNA decreases less 

rapidly.. It is assumed that this second phase is attributable to the death of infected 

hepatocytes.. Ribavirin, which is currently used in combination with IFN. has no affect on 

viruss elimination during the first and second phases (20). The number of patients who have a 

SVR.. may be increased by giving higher doses of IFN during the early phase of therapy (19). 

Severall  randomized studies, in which IFN administration was daily in the initial phase of 

therapy,, have shown no increase in SVR rate in patients infected with genotype non-1 HCV 

(3:8).. However Ferenci et al (8) demonstrated an improvement in the SVR rate in patients 

infectedd with genotype 1 HCV treated with IFN induction therapy. Since IFN has a plasma 

halff  life of approximately 8 hours, when IFN is administered three times a week. IFN 

concentrationss fluctuate substantially, and WCV replication may only be temporarely 

supprcssed(9).. liven when IFN is administered once daily, suppression o\~ viral replication 

mayy fluctuate. In a recent study, we demonstrated that administration oï IFN 8 hourly lor 2 

weekss was well tolerated, and in all patients treated with this regimen a significant decline in 

HCVV RNA occurred, irrespective of genotype. 
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Thee aim of this study was to determine if a high IFN induction schedule lasting 6 weeks, 

followedd by daily doses of IFN. in combination with both ribavirin and amantadine improves 

SVRR rates in treatment naïve patients with chronic hepatitis C. Patients infected with 

genotypee 1 HCV were treated for 58 weeks and those infected with genotype non-1 HCV for 

322 weeks 
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Materiall  and Methods 

StudyStudy design 

Thee study was an open label randomized two ami pilot study. After obtaining written 

informedd consent, all participating patients received IFN, according to the following 

schedule:: weeks 1 and 2: 6 MU 8-hourly; weeks 3 and 4: 3 MU 8-hourly; weeks 5 and 6: 3 

MUU 12-hourly. Subsequently patients were treated with 3 MU IFN, daily until week 32 for 

genotypee non-1 patients and til l week 58 for genotypel patients. During the whole treatment 

period,, patients also received ribavirin 1000 mg/day (<70kg body weight) or 1200 mg day 

(>70kg)) and amantadine 100 mg daily. Blood counts were used to adjust doses using standard 

criteriaa for interferon ribavirin combination therapy, as recommended by Shering Plough. The 

protocoll  of the study was approved by the Medical Ethics Committee of the Academic 

Medicall  Center. University of Amsterdam. Two weeks before initiating of treatment and at 

weekss 0. 1.2. 3. 4. 5. 6. 8 and every 4 weeks thereafter until end of treatment patients visited 

thee outpatient clinic for monitoring for adverse events. Patients were also evaluated 3. and 6 

monthss after end of therapy. 

Patients Patients 

Criteriaa for patient inclusion were: age between 18-70 years, chronic hepatitis C for at least 6 

months,, treatment naive, anti-HCV and HCV RNA positive and a liver biopsy showing 

chronicc hepatitis C (obtained less than 6 months before initiating treatment). The presence of 

haemophiliaa was not an exclusion criterion, but in haemophiliac patients liver biopsies were 

nott done. 

Exclusionn criteria included: evidence of decompensated liver disease (e.g. albumin< 32g 1. 

Prothrombinn time > 4 seconds prolonged, conjugated hyperbilirunaemia. ascites, a history of 

gastroo intestinal bleeding or encephalopathy), HIV infection, coinfection with hepatitis B, 

severee mental depression, seizures, clinically significant CNS dysfunction, malignant disease, 

congestivee heart failure, uncontrolled diabetes mellitus. renal failure (serum creatinine >180 

umol'L).. autoimmune disease, bone marrow depression (hematocrit <32%. leukocyte count < 

2.5x10l ''L.. or platelets < 80x10* 'L) and a history of active substance abuse. 

Twentyy six patients entered the study (10 genotype I and 16 genotype non-1). The baseline 

characteristicss of these patients are summarized in Table 1. 
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EDTAA blood was collected at the following time points: 2 weeks before start of therapy, at the 

endd of each of the first 6 weeks of therapy, at week 8 and every 4 weeks thereafter until the 

endd of treatment. Samples were also obtained 3 and 6 months after end of treatment. 

EDTA-plasmaa samples were stored at -70 °C. within 4 hours of blood collection. 

Tablee 1 Characteristics of patients before treatment 

Characteristics s 

Malee Female (n) 

Agee (mean L S D) 

HCVV RNA (log IU mL). (mean  SD) 

ALAT(L '' L)' (mean? SD) 

Hemoglobin""  (mmol L) (mean ^ SD| 

Trombocytess (1 ()" L ) {mean*SD) 

Genotypee (n) 

 2 

 3 

 4 

Cirrhosiss (n) 

Previouss IV . drug users (n) 

HCV''  Genotype 1 

<n=l(» » 

4 6 6 

433 - 11 

5 . 6-- 1.2 

511 i IS 

S.4̂ ^  1.0 

2622  68 

1 1 

6 6 

HCVV Genotype non-1 

(n=!6) ) 

133 3 

411 t 7.3 

5.66 i 0.6 

1622 i 144 

9.11 i 0.8 

2 155 i 50 

4 4 

7 7 

5 5 

0 0 

6 6 

II  Upper limit of normal 45 U'L 

II  Lower limit of normal 8.0 mmol L 

tt Lower limit of normal 150 x 10' L 

Methods Methods 

Anti-HCVV antibodies were measured using a 3rd generation enzyme immunoassay (EIA 3.0: 

Abbottt Laboratories. Chicago. IL. USA). 

QuantitativeQuantitative HCV RNA detection- A quantitative bDNA assay (Vcrsant 3.0 Bayer, Berkeley, 

CA.. USA), which requires 50 uL of plasma or serum and which has a dynamic range of 615 -

33 xl0h IU mL (2.8 log - 6.5 log), was used. This bDNA assay involves a sandwich nucleic 

acidd hybridization procedure. 

QualitativeQualitative HCV RNA detection: HCV RNA was detected by RT-PCR using the COBAS 

AMPLICOR™™ system, according to the manufacturer's instructions (Roche Diagnostic 

Systems.. Inc.. Branchburg. NJ. USA). The detection limit of this assay is 50 IU mL. 

133 3 



Furthermoree HCV RNA was detected by qualitatively Transcription Mediated Amplification 

(TMA )) (Bayer, Berkley, CA. USA). The detection limit of this assay is 5 lU-mL. TMA was 

conductedd on samples that were negative in the Cobas Amplieor assay at week 2, 4 and 6 after 

thee start of therapy and at end of treatment. 

HCVV genotypes were determined by direct sequencing using the TrueGene Genotyping 

assayy and the OpenGene automated DNA sequencing system (Visible Genetics Inc.. 

Toronto,, Canada). 

Statistics Statistics 

Statisticall  analysis was performed using the SPSS 10.0.01 package. All data obtained with the 

PCRR or bDNA assay were logm transformed. When the samples were negative in the 

qualitativee PCR a value of 50 IUrnL (1.7 log) was assigned for data analysis. Variables were 

comparedd using the chi square or Fisher exact test when appropriate. The non parametric 

Mann-Whineyy test was used to compare continuous data. A probability (p) values less than 

0.055 was considered significant. Data were analyzed according to an intention to treat and per 

protocoll  analysis. 
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Results s 

VirologicalVirological response during treatment and follow up 

Inn Tabic 2 HCV RNA PCR results during induction, at week 16. at end of treatment (ET) and 

att end of follow up (EFU) are given. At the end of the induction period 8 10 patients with 

genotypee 1 and 15 16 patients with genotype non-1 were HCV RNA negative. The 3 HCV 

RNAA positive patients at week 6 had discontinued treatment at week 2 and 4. Thus all 23 

patientss who had completed the induction phase of treatment became HCV RNA negative as 

measuredd by PCR. When these patients were retested with TMA 2 23 patients were TMA 

positivee at the end of the induction period. At ET 7/10 patients with genotype 1 and 12/16 

patientss with genotype non-1 were HCV RNA negative both by PCR and TMA. Between 

weekk 6 and ET. 1 patient infected with genotype 1 and 3 patients infected with genotype non-

11 discontinued treatment. The last tested sample before discontinuation of treatment was HCV 

RNAA negative in all 4 of these patients. All patients who remained on therapy between week 6 

andd ET remained HCV RNA negative until ET. At EFU 6 10 patients with genotype 1 and 

11166 patients with genotype non-1 were HCV RNA negative as measured by PCR. 

Att EFU. according to a per protocol analysis. 6 7 (85%) patients with genotype 1 and 11. 12 

(92%)) with genotype non-1 achieved a SVR. Three of 5 patients infected with genotype 4. 5 7 

patientss infected with genotype 3 and 3 4 patients infected with genotype 2 had a SVR. No 

dropp outs occurred between ET and EFU. Two of 19 (one genotype 1 and one genotype 3) 

patientss who were HCV RNA negative at ET became HCV RNA positive within 3 months of 

cessationn of therapy. 

Thee viral load decrease in all patients between day 0 and week 1 mean 2.7 log . 0.8 log IU/L( 

rangee 0.5 -3.8 IU mL). between weeks 1 and 2 the mean HCV RNA reduction was 0.25 log -

0.422 log IU mL (range 0 - 1.1 IU mL). During treatment serum HCV RNA decline occurred 

inn all patients: the minimum decline was 1.4 log IU mL. A decline in viral load decline 

occurredd during the first 6 weeks of treatment or the rest oï the treatment period in all 

patients.. Thus, there were no non responders or Hat responders. The mean decline in viral 

loadd of the patients who had a SVR is shown in figure la. 
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Tablee 2 Patients who became HC'Y RNA negative during the interferon induction period, the rest of the 

treatmentt period and follow up. 

Genotypee ! 

Genotypee non-1 

Perr Protocol 

Dropp out 

Total l 

Perr Protocol 

Dropp Out 

Total l 

wkss 1 

nn it) 

tl l 

I)) 10 

11 16(6) 

t) ) 

11 16(6) 

2 2 

44 111(40) 

0 0 

44 10(40) 

99 15 (60) 

00 1 

99 16 (56) 

.1 1 

55 10(50) 

n n 

55 10(50) 

12/155 (80) 

I)) 1 

122 l(i|75l 

H O O 

4 4 

77 8 (MM 

00 2 

77 10(70) 

155 15 (100) 

00 1 

155 16(94) 

'' RNA nejtati\ 

5 5 

XX 81100) 

00 2 

88 10(80) 

1545(100) ) 

00 1 

155 16(94) 

ee n total ("„ ] 

( i i 

88 8(100) 

00 2 

88 10(80) 

15/15(100) ) 

00 1 

155 16(94) 

16 6 

7/7(100) ) 

11 3(33) 

77 10(70) 

14-14(100) ) 

11 2 (50) 

155 16(94) 

ET' ' 

7/7(100) ) 

11 3(33) 

88 10(80) 

122 12(100) 

22 4 15(li 

144 16(88) 

E F T" " 

66 7(85) 

I)) 3 

66 10(60 

11/12(9 9 

11 4(25) 

122 16(7 

Alll  patients who dropped out of the study due to side effects were considered to be HCV RNA positive at all 

laterr time points 

**  ET = End of treatment. For patients with genotype 1 ET was at week 58 after start of treatment. For patients 

withh genotype non-1 ET was at week 32 after start of treatment. 

'' EFT.' End of follow up. End of follow up is defined as 6 months after ET. 

FactorsFactors predictive of response 

Thee pre treatment factors female sex , low viral load, genotypes 2 and 3 and no fibrosis in the 

pretreatmentt liver biopsy were not predictive of a SVR. During treatment a negative PCR or 

TMAA test result at different time points (weeks 2, 4, 6 and 12) was not predictive of a SVR. 

Alsoo the magnitude of the decline in viral load decline during the first two weeks of treatment 

wass not predictive of a SVR. 

Figg la: Mean HCV RNA decline in the first 6 weeks of therapy and till end of follow up in patients with a 

sustainedd virological response. Genotype 1: (n=6). Genotype non-1: (n=l 2). The broken line indicates the cut off 

levell  of the EDNA assay (2.8 log IE' mL). 

55 7 
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> " " 
oo  ~-
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3.7 7 

?7 7 

11 7 
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BiochemicalBiochemical response 

Thee biochemical responses at ET and EFU are given in Table 3. At EFU 7 10 patients with 

genotypee 1 and 12 16 (75%) of the patients with genotype non-1 had normal serum ALA T 

valuess (<45 U/L). Mean ALA T values during treatment and follow up in patients with a SVR 

aree shown in Figure lb. All patients with a SVR at EFU had ALA T levels (<45 U/L) at EFU. 

ALA TT levels increased between day 0 and week 2 in 14 of the 26 patients. Mean prctreatment 

ALA TT levels for patients in whom ALA T levels did and did not increase between week 0 and 

22 were different (58 U/L vs. 190 U/L, respectively, p=0.003). In five of 6 (83%) and 7/12 

(58%)) patients with a SVR infected with genotype 1 and genotype non-1, respectively. ALA T 

valuess increased between day 0 and week 2. 

Tablee 3 Biochemical response at ET and EFU in the 26 patients treated. 

Genotype e 

1 1 

non-1 1 

ALAALA T values before 

therapy therapy 

(n) ) 

•• 45 U/L (4) 

>> 45 U/L (6) 

<45U/LL (1) 

>> 45 L' L (15) 

Biochemicall response 

ET T 

n/total l 

4 4 4 

3/6 6 

1/1 1 

100 15 

EFU U 

n/total l 

4/4 4 

3/6 6 

1/1 1 

100 15 

Figg lb: Mean ALAT levels in the first 6 weeks of therapy and till end of follow up in patients with a sustained 

virologica!! response. Genotype 1: (n=6 ). Genotype non-1: (n= 12).The broken line indicates the upper limit of 

normall (45 U/L) 

—-- Mean ALAT levels (genotype 1) 

—— Mean ALAT levels (genotype non 1) 

1 55 I i i i i i i l i 

00 1 2 3 4 5 612 

> > 115--

EFU U 

Weeks s 



AdverseAdverse events, dose modification and premature termination of therapy 

Duringg the first 6 weeks of induction phase of therapy the adverse events (fever, headache 

musclee pain and or dyspepsia) were observed in all patients. Furthermore, all patients 

experiencedd moderate fatigue during the whole period of treatment. Hematological changes 

occurredd in all patients (Figure 2). In 9 26 patients the dose of ribavirin was reduced (to half 

off the starting dose) due to a fall in hemoglobin levels to below 6.2 mmol L. In 7 26 (27°») 

patientss IFN was stopped before the end of treatment and in 4 26 patients the dose of IFN was 

reducedd because of adverse events. Adverse events which led to early cessation of therapy or 

reductionn in dosage and the times at which these adjustments to therapy were made are given 

inn Table 4. In patients in whom cessation of therapy occurred prematurely and patients who 

completedd the course of therapy there were differences between pretreatment mean alkaline 

phosphatee levels (107 U'L vs. 65 U L. respectively, p—0.01) and lactaat dehydrogenase levels 

(2233 U L vs. 163 U L. respectively. p=().04). During treatment and follow up no adverse 

eventss appeared to be related to amantadine. Accordingly no dose reductions of the dosage 

amantadinee were made. 

Tabicc 4 Adverse events winch led to early cessation o I'therapy or dose reduction. 

Sidee effects leading to cessation of therapy Induction period Wk 0-6 Wk6 - ET 

Paranoidd illusions 

Suicidall ideation 

f-rysipelas s 

Restartt i.v. drug use 

Osteomyelitis s 

Severee fatigue 

Sidee effects leading to dose reduction 

' l ibb 6.2 mnioï I. (KlgdU 

Neutropeniaa • 0.75 xld" L 

;; Katigue 

ii Ribavirin dose reduction 

** UN dose reduction 
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Figg 2: Changes in hemoglobin (2a). thrombocyte (2b) and leukocyte (2c) levels during therapy and follow up in 

patientss with genotype 1 and genotype non-1. 
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Discussion n 

Ourr results shows that a high dose IFN induction therapy schedule lasting 6 weeks followed 

byy IFN daily, together with ribavirin and amantadine, led to a SVR in 60% of the patients 

withh chronic hepatitis C genotype 1 and in 75% of those with genotype non-1. In the per 

protocoll analysis of data from all patients who completed the course of treatment, 85% of 

thosee with genotype 1 and 92% of those with genotype non-1 had a SVR. In large randomized 

controlledd trials in which patients with genotype 1 and genotype non-1 were treated with IFN 

inn combination with ribavirin for 24 or 48 weeks the SVR rate was I6-31%for genotype 1 and 

64-69%% for genotype non-1 (16) (13). McHutchinson et al showed that patients who can be 

maintainedd on more than 80% of the recommended dose of PEG IFN, in combination with 

ribavirin,, a SVR rate of 51% occurred in patients with genotype 1; the corresponding rate was 

onlyy 42% when intention-to-treat analysis was applied (12). In several randomized controlled 

trialss that compared IFN 3 -10 MU daily with IFN t.i.w. no advantage of IFN induction 

therapyy was demonstrated (3) (5), Only one study by Fercnci et a! (8) showed that the SVR 

ratee in genotype I patients was significantly improved (44% vs 27%) when IFN 10 MU daily 

wass given for the first 2 weeks of treatment foliowed by 10 MU every 2 days for 12 weeks, 

andd then 5 MU every two days for a further 24 weeks. Recently Bekkering et al showed, in a 

perr protocol analysis that in difficult to treat patients (non responders, relapscrs. patients with 

genotypee I and patients with cirrhosis), when treated with IFN 5 MU twice daily for 4 weeks 

att the start of a 76 week treatment program, the SVR for patients with genotype 1 was 68% 

andd for those w ith genotype non-1 was 91 % (1). 

Inn randomized controlled trials comparing PEG IFN plus ribavirin with IFN plus ribavirin a 

significantlyy higher SVR rate was associated with PEG IFN treatment in patients with 

genotypee 1 or 4. but not in those w ith genotype 2 or 3 (11). This increase in SVR can be 

attributedd to greater suppression of HCV RNA replication due to more sustained IFN levels 

associatedd with PEG IFN treatment. In our trial the high SVR rate in genotype 1 patients may 

bee attributed to sustained high levels of IFN during the induction period. 

Inn 5 of 6 genotype 1 patients with a SVR. an increase in ALAT levels between day 0 and 

weekk 2 was observed. This increase in ALAT level, early during therapy may be explained as 

follows.. In patients with a SVR the second phase of viral decline during interferon alpha 

therapyy is determined by the clearance of HCV infected liver cells. Death of infected cells 

correlatess with high ALAT values (15). However during IFN therapy an increase in ALAT 
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levelss has not been consistently described. The increase in ALAT levels may be explained by 

ann increase in turnover of infected cells in patients with genotype 1. caused by the high dose 

IFNN which results in the high rate of SVR. 

Inn our study 27% of the patients stopped therapy due to adverse events. The incidence of 

discontinuationn of treatment in two large randomized controlled trials in which nai've chronic 

hepatitiss C patients were treated with PEG IFNTFN and ribavirin was 8 - 19% (11:16). In our 

studyy the dose of ribavirin was reduced in 35% of the patients due to a drop in hemoglobin 

levels:: the corresponding figure associated with standard treatment (IFN ribavirin 

combination)) schedules is 7-13%. (11;16). IFN may cause haemolytic anemia, due to its 

myelosuppressivee effects (6; 17). Since high doses of IFN. were administered in our study, 

IFNN may also have contributed to appreciable incidence of anemia in this trial. Two patients 

developedd serious psychiatric symptoms early in the course of treatment. Psychiatric 

syndromess are possibly the most serious adverse events associated with IFN therapy, and can 

bee life threatening. The incidence of psychosis in patients treated with IFN was 0.09% in a 

largee survey; in the majority of patients the psychosis occurred after 16 weeks of treatment 

andd was independent of dose (7). 

Inn conclusion, high dose IFN induction therapy for the first 6 weeks combined with ribavirin 

andd amantadine induces a higher SVR rate in patients infected with genotype 1 than reported 

forr patients with genotype 1 treated with IFN/ribavirin or Pegylated-IFN ribavirin. In patients 

withh genotype non-1 high dose IFN induction therapy was not associated with an appreciably 

higherr rate of SVR. Since high dose induction therapy with IFN induced a high SVR rate in 

patientss with genotype 1, who completed the complete course of treatment, further studies 

shouldd focus on reducing of high dose interferon therapy in patients with genotype 1 to enable 

thee overall SVR rate to be increased further. 
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