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Abstract: We investigated the influences of liver histology， serum levels of hepatitis 

C virus (HCV) and HCV genotypes on responsiveness to interferon (IFN) therapy in 342 

patients with chronic hepatitis C. Either 9 million units (MU) of lymphoblastoid alpha IFN 

or 3 MU  of recombinant IFN -alpha was administered daily for 2 weeks and then three 

times a week for 22 weeks. IFN responses were divided into three groups on the basis of 

the results of polyri1erase chain reaction (PCR) assay detecting HCV-RNA in serum. 

Complete response (CR) was defined as sustained elimination of HCV for at least 6months 

after treatment， partial response (PR) as HCV elimination for a limited period， non 

response (NR) as continuously positive for HCV-RNA in serum. Quantitation of pre-

treament HCV-RNA amount in serum was determined by competitive PCR assay in 47 

patients. HCV genotyping was performed in 114 patients by PCR with genotype-specific 

primers. CR was obtained in 97 patients (28.4 %)， PR in 104 (30.4 %) and NR in 141 (41.2 
%). IFN responses， represented by CR/PR/NR， were 15/18/11 in 44 patients with chronic 
persistent hepatitis (CPH)， 72/65/73 in 210 patients with chronic aggressive hepatitis 

(CAH) 2 a， and 10/21/57 in 88 patients with CAH 2 b. CR rate was lower in patients with 

CAH 2 b (11.4 %) compared to those with CPH (34.1 %) or CAH 2 a (34.3 %). Averages 

of pre-treatment serum HeV-RNA amount (copies/50μ1) were 103.55 in 13 CRs， 104・56in 17 

PRs， and 105・95in 17 NRs. There was a positive correlation between pre-treatment HCV-
RNA levels and IFN unresponsiveness. HCV genotyping in 114 patients revealed that HCV 

type 1 infection was observed in one， type 11 in 94， type III in 11， type IV in 6 and mixed 

(types Ii and IV) in 2 patients， and their IFN responses (CR/PR/NR) were 0/0/1， 28/26/ 

The folIowing persons and institutions participated in the Hepatitis Study Group: Hiroshi KA W A T A， Y ouji 
MIYAMOTO， Kunihiko KINOSHITA， Tsutomu MATSUI， Department of Gastroenterology， Nara Prefectural Nara 
Hospital ; Shigeharu UEDA， Takaaki KIMURA， Masahiro T AKAGI， Departm巴ntof Internal M巴dicine，N ara Prefectural 
Gojo Hospital ; Taiko T AMAGA W A， Hiroto MORIY ASU， Yoshinori MA TSUY AMA， Department of Internal Medicine， 
Kokuho Central Hospital; Y oshiyuki OSUMI， Y oshiaki NISHIMURA， Department of Internal Medicine， Kashiwara 
Municipal Hospital; Toru ORIHASHI， Kaz吐liroMASUI， Takayoshi FUJIMOTO， Department of Internal Medicine， 
Nishinara Central Hospital， Takuya TSURUZONO， Kimio NISHIMURA， Department of Internal Medicine， Takanohara 
G巴n巴ralHospital; Y oshinobu ISHII， Mototsugu MATSUMOTO， Department of Internal Medicine， Oyamato Hospital ; 
Masaharu YAMAZAKI， Masanaga KYO， Shigenobu TSUJITA， Department of Internal Medicine， Yamanobe Hospital; 
Kouji Y AMAMOTO， Akira MITORO， Mayumi MIMURA， Tadao MOCHI， Department of Internal Medicine， Hattori 
Memorial Hospital ; Hiroshi KA WAMOTO， Tadashi HIGASHINO， Department of Internal Medicine， Toyokawa General 
Hospita1. 



(470) M. Y oshikawa， et al. 

40， 3/5/3， 1/3/2 and 0/1/1， respectively. 
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Hepatitis C virus CHCV) is the causative agent of chronic hepatitis C， which progresses to 

liver cirrhosis and hepatocellular carcinoma CHCC)l-3). Recently， interferon (IFN) administra-

tion has been reported effective for chronic hepatitis C4-6)， and the efficacy of IFN therapy for 

chronic hepatitis C is being established worldwide. 

Since J anuary 1992， we have treated 493 patients with chronic hepatitis C by IFN -alpha. In 

this report， we evaluated the efficacy of IFN therapy and analyzed the factors determining the 

IFN responsiveness in our own experience of treating patients with chronic hepatitis C by IFN 

-alpha. 

P ATIENTS AND METHODS 

Patients 

A total of 493 consecutive J apanese patients with histologically proven chronic hepatitis 

received IFN-alpha therapy CTable 1). All patients had anti-HCV Canti-C 100.3 or anti-HCV 

core) detected by the Ortho Diagnostics RIA and all were negative for serological markersof 

HBV infection Cabsence of HBsAg and anti-HBc). All patients gave their written informed 

consent for participation. 

Interferon 

Either natural IFN-alpha CnIFN， human lyphoblastoid IFN， Sumitomo Pharmaceuticals Co.， 

Osaka) or recombinant IF:N-alpha 2 a CrIFN， Takeda Chem. Ind. Co. Ltd.， Osaka) was used at 
daily doses of 3 million units CMU) or 9 MU， respectively. nIFN or rIFN was given 7 times 

a week for the initial 2 weeks and subsequently 3 times. a week for 22 weeks. 

Examinations and follow-up 

Liver biopsy was performed before IFN therapy in all patients and liver histology was 

assessed according to the European classification7). Biochemical examination of blood was 

Table 1. Charact巴risticsof pa tients 

Variable Values 

Patients 493 
Men and woman 344， 149 
Average age at start of therapy 49目4
Histology of Liver 
CPH 82 
CAH2a 313 
CAH2b 98 

Treatm巴nt
natural IFN ct 302 
recombinant IFNα 191 
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done at 2-to 4-week intervals. 

Definition of response to IFN -alpha 

Reverse transcription and the polymerase chain reaction (RT-PCR) method detecting HCV 

-RNA encoding the NS 5 region8) was used to evaluate IFN reponses. Complete response (CR) 

was defined as sustained disappearance of HCV-RNA in sera for more than 6 months after the 

end of IFN treatment. Partial response (PR) was defined as tempory elimination of HCV in 

IFN treatment period and non-response (NR) as continuing positivity of HCV-RNA through目

out the treatment and follow-up periods. 

Genotyping of HCV and quantification of HCV -RN A in自erum

The genotyping of HCV was performed by the PCR method using type-specific primers that 

recognize the core region of HCV as reported9). HCV-RNA in serum before IFN therapy was 

quantified by a competitive PCR assay using synthetic mutant RNA with a novel restriction 

endonuc1ease (Kpn 1) site10)， which was generated by site-directed mutagenesis and in vitro 

transcription 

Statistics 

We used Student's t test for the evaluation of statistical differences. 

IFN response 

IFN response was evaluated in 342 patients who had been followed more than 6 months after 

the end of IFN therapy. As shown in Table 2， 97 patients (28.4 %) were c1assified as CR， 104 
(30.4 %) as PR， and 141 (41.2 %) as NR. A statistical difference in CR rate was not observed 
either between males and females or between nIFN -treated and rIFN -treated patients. Table 

3 shows the relation between IFN responses and alanine aminotransferase (AL T) levels. 

Sustained normalization of AL T levels was obtained in 91 patients in tota1. Eighty-seven (89.7 

%) out of 97 complete responders showed normal AL T levels. Four patients with sustained 
normal ALTlevels were positive for serum HCV-RNA at the last examinations (2 patients 

Table 2目 IFNresponses 

Total Male Female nIFNα rIFN a 

n=342 n=232 n=110 n=187 nニ155

CR 97 (28.4%) 60 (25.9%) 37 (33.6%) 47 (25.1%) 50 (32目3%)
PR 104 (30.4%) 67 (28.9%) 37 (33.6%) 45 (24.1%) 59 (38.1%) 
NR 141 (4l. 2%) 105 (45.3%) 36 (32.7%) 95 (50.8%) 46 (29.6%) 

Table 3. Relashion between HCV-RNA detection and ALT level 

Total Sustained nomalization of AL T level 

n=342 yes: n=91 no :n=251 

CR 97 87 10 
PR 104 2 102 
NR 141 2 139 
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showed PR and 2 showed NR). 

Rekationship between liver histology and IFN response (Table 4) 

There was no difference inCR rate between patients with CPH (34.1 %) and those with 
CAH 2 a (34.3 %). However， a lower CR rate was observed in patients with CAH 2 b (11.4 

%). The NR rates of patients with CPH， CAH 2 a or CAH 2 b were 25.0 %， 34.3 % and 64.8 
%， respectively. 

Relationship between pre-treatment serum HCV-RNA amount and IFN response 

Serum HCV-RNA amount before IFN treatment was examined in 47 patients 03 complete 

responders， 17 partial responders and 17 non-responders， Fig. 1). The average serum HCV-

RNA amount was 103.55 copies/50μin complete responders， 104・65 copies/50μin partial 

responders and 105.97 copies/50μ1 in non-responders. There were no complete responders who 

showed over 105 copies/50μ1 of HCV-RNA amount before IFN treatment. Serum HCV-RNA 

amounts in NR and PR patients were significantly higher than those in CR patients. 

Relationship between pre-treatment HCV-RNA amount in serum and liver histology 

The averages of serum HCV-RNA amount were 104.04 (copies/50μ1) in 14 patients with 

CPH， 104.64 in 26 with CAH 2 a， .and 105・17in 9 with CAH 2 b (Fig. 2). Therer was a tendency 

for serum HCV -RN A amount to be related to histological severity of liver disorders 

HCV genotype and IFN responsiveness 

HCV genotyping was performed in 114 patients， who composed of 32 complete responders， 35 

partial responders and 47 non-responders. As shown in Table 5， 94 patients infected with type 

II of HCV (HCV -II) resulted in 28 CRs， 26 PRs， and 40 NRs. Eleven infected with type III of 

HCV (HCV-III) resulted in 3 CRs， 5 PRs and 3 NRs. Six patients with type IV of HCV (HCV 

IV) in one CR， 3 PRs and 2 NRs. The case infected with type 1 of HCV (HCV -1 ) was a non 

responder hemophiliac. Both of the two patients infected with HCV -II and IV had experiences 

Table 4. Relationship between liver histologi巴sand IFN r巴spons巴S

CPH CAH2a CAH2b 
nニ44 n=210 nニ88

R

R

R

 

C

P

N

 

15 (34.1%) 
18 (40.9%) 
11 (25.0%) 

72 (34.3%) 
65 (31. 3%) 
73 (34.3%) 

10 (11.4%) 
21 (23.8%) 
57 (64.8%) 

Table 5. Relationship between HCV genotypes and IFN responses 

Type 1 Type II Type III Type IV Type II+IV 
(n=l) (n=94) (n=11) (nニ6) (n=2) 

CR 28 l 

PR 26 5 3 
NR 40 3 2 
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Fig. 3. Relationship b巴tweenpre 
tr巴atment serum HCV 
-RNA amount IFN 
respons巴inpatients inf巴ct-
巴dwith Okamoto typ巴IIof 
HCV. 

PR CR CPH CAH2a CAH2b 

Fig. 2. Relationship b巴tweenpre 
treatm巴nt serum HCV 
RNA amount and liver 
histology. 

NR 

Fig目1.Relationship betw巴enpre 
treatment serum HCV 
RN A amount and IFN 
response 

PR CR 

of massive transfusion and their IFN responses were PR and NR. 

DISCUSSION 

IFN -alpha is recognized as an useful drug for treatment of chronic hepatitis C. Its efficacy 

has been mostly evaluated by means of serum AL T levels and improvement of liver histological 

findings5，6). In addition， recent advances of diagnostic techniques， inc1uding the application of 

the PCR for detection of HCV-RNA， al10wed us to evaluate IFN responses on the basis of the 

presence or absence of HCV in serum. In the present study， we evaluated IFN responses 

virological1y using PCR technique and investigated several background factors that might 

affect IFN responses， such as liver histology， pre-treatment HCV-RNA amount in semum and 

H CV genotype. 

Our first question was whether IFN responses determined by serum HCV-RNA using a RT 

PCR method differed from those determined by AL T values. In treating 342 patients with 

chronic hepatitis C， HCV elimination was obtained in 97 patients and sustained normalization 

of ALT in 91 patients. Eighty-seven patients showed both HCV elimination and sustained 

normalization of AL T levels， which corresponded to 89.7 % and 95.6 % of patients who 
obtained sustained HCV elimination or ALT normalization， respectively. The evaluations of 

IFN response by ALT value were almost the same as those determined by HCV-RNA 

elimination. We therefore conc1ude that AL T value is c1inical1y sufficient for evaluation of 

IFN therapy. 



(474) M. Y oshikawa， et al. 

We next investigated liver histo1ogy， which is thought to be one of the factors determining 

IFN responses11 •12). Patients with CAH 2 a responded to IFN beUer than those with CAH 2 b 

in the present study. Simi1ar observations were a1so reported by others13•14). The histo1ogica1 

severity seemed to correlate to poor responsiveness to IFN therapy. However， we cou1d not 

find a beUer responsiveness in patients with CPH than in those with CAH 2 a 

As another factor inf1uencing IFN responsiveness， HCV titer in serum shou1d be considered. 

We determined pre-treatment HCV-RNA amount by competitive PCR assay. Comp1ete 

responders had 10wer pre-treatment HCV -RN A 1eve1s than those in partia1 responders and non 

responders. These resu1ts suggest that pre-treatment HCV-RNA amount in serum is another 

important predictor of IFN responses. To exclude the inf1uence of HCV genotypes on IFN 

responses， we a1so examined the re1ation between pre-treatment HCV-RNA amount and IFN 

response in patients who were infected with an identica1 genotype of HCV， HCV -II (Fig. 3)， 

and a simi1ar resu1t was obtained. The pre-treatment HCV -RN A amount seemed to be re1ated 

to histo1ogica1 severity of liver disorder. However， it is noteworthy that there existed some 

patients with CPH who showed high 1eve1 of HCV vir百 nia.This may be the reason why we 

cou1d not obtain a beUer responsiveness in patients with CPH. In fact， two patients out of three 

with CPH and high 1eve1 of pre-treatment HCV-RNA， over 106 (copies/50μ1)， revea1ed NR to 

the therapy. Recent1y， Lau et aF5) a1so reported a simi1ar observation and insisted that the 1eve1 

of viremia was not necessarily corre1ated to 1iver histo1ogy. 

It was reported that IFN responsiveness might vary among different HCV genotypes16-18). 

Patients infected with genotype HCV -II are considered to be more resistant to IFN therapy 

than those with genotype HCV -III or HCV -IV. In the present study， the re1ationship of vira1 

genotypes to IFN response cou1d not be definite1y eva1uated， because most of our patients (96 

of 118 patients， 84.2 %) were classified to genotype HCV-II. Those with genotype HCV-III or 

HCV-IV were on1y 11 (9.7%) and 6 (5.3 %) patients， respective1y. A 1arger number of 

patients shou1d be examined for their infected HCV genotypes to determine whether HCV -III 

or HCV -IV is more sensitive to IFN therapy. It was， however， proven that about one third of 

patients infected with HCV -II were ab1e to 

REFERENCES 

1) Lok， A. S. F.， Ma， O. C. K.， Chan， T. M.， Lai， C. L.， Chung， H. T.， Ng， C. P. L. and Lam， J. S. C.岬

Ov巴restimationof the prevalence of antibody to hepatitis C virus in r巴trospectivestudies on stored s巴ra.

Hepatology 14: 756-762， 1991. 

2) Esteban， J. 1.， Esteban， R.， Viladomiu， L.， Lopez-Talavera， J. C.， Gonzalez， A.， Hernandez， J. M.， Roget， 

M.， Vargas， V.， Genesca， J. and Buti， M.: Hepatitis C virus antibodies among risk group in Spain. Lanc巴t

2: 294-296， 1989. 

3) Hasan， F.， Jeffers， L. J.， Medina， M. D.， Reddy， K. R.， Parker， T.， Schiff， E. R.， Houghton， M.， Choo， 

Q. and Kuo， G.: Hepatitis C-associated hepatocellular carcinoma. Hepatology 12: 589-591， 1990. 

4) Hoofnagle， J. H.， Mullen， K. D.， Jones， D. B.， Rustgi， V.， Di Bisceglie， A.， Peters， M.， Waggoner J. G.， 

Park， Y. and Jones， E. A. : Treatment of chronic non-A， non-B hepatitis with r巴combinanthuman alpha 



Efficacy of interferon therapy for chronic hepatitis c (475) 

interf巴ron.N. Engl. J. Med. 315: 1575-1578， 1986. 

5) Davis， G. L.， Balart， L. A.， Schiff， E. R.， Lindsay， K.， Bodenheimer， H. C.， Perrillo， R. P.， Garey， W.， 

Jacobson，1. M.， Payne， J.， Dienstag， J. L.， Van Thiel， D. H.， Tamburro， C.， Lefkowitch， J.， Albrecht， 

J.， Meschievitz， C.， Ortego， T. J.， Gibas， A. and the Hepatitis Interventional Therapy Group: Treatm巴nt

of chronic hepatitis C with r巴combinantint巴rferonalpha. N. Engl. J. Med. 321: 1501-1506， 1989. 

6) Di Bisceglie， A. M.， Martin， P.， Ka自由ianides，C.， Lisker-Melman， M.， Murray， L.， Waggoner， J.， 

Goodman， Z.， Banks， S. M. and Hoofnagle， J. H.目 Recombinantint巴rf巴ronalfa therapy for chronic 

hepatitis C: a randomized doubl巴-blindplacebo-controlled trial. N. Engl. J. Med. 321・1506-1510，1989. 

7) De Groote， J.， Desmet， V. J.， Gedigk， P.， Korb， G.， Popper， H.， Poul自es，H.， Scheuer， P. J.， Schmid， M.， 

Thaler， H. and Uehlinger， E. : A classification of chronic h巴patitis.Lancet ii: 626-628， 1968 

8) Enomoto， N.， Takada， A.， Nakao， T. and Date， T.: There ar巴twomajor types of hepatitis C virus in 

]apan. Bioch巴m.Biochem. Biophys. R巴s.Commun目 170:1021-1025， 1990. 

9) Okamoto， H.， Sugiyama， Y.， Okada， S.， Kurai， K.， Akahane， Y.， Sugai， Y.， Tanaka， T.， Sato， K.， Tsuda， 

F.， Miyakawa， Y. and Mayumi， M.: Typing hepatitis C virus by polymerase chain reaction with type-

specific primers: application to clinical survey and tracing infectious sources. J. Gen目 Virol.73: 673.679， 

1992. 

10) Kinoshita， M.， Hamada， T.， Edotani， M.， Katagiri， T.， Fukui， T.， Koura， M.， Oka， M.， Seno， T.， 

Katsuragi， K. and Shin， S.・Thecompetitive assay for human h巴patitisC virus RNA. Rinnshokensa 37 

214-218， 1993. Cin ]apanese) 

11) Uchida， T.， Taira， M.， Shikata， T.， Moriyama， M.， Tanaka， N.， Okubo， H. and Arakawa， Y.: His. 

tological differ巴ncebetwe巴ncomplete responders and non-r巴spondersto int巴rf巴ronth巴rapyof the livers of 

patients with chronic hepatitis C. Acta Pathol. ]pn. 43: 230-236， 1993 

12) Sieck， J. 0.， Ellis， M. E.， Alfurayh， 0.， Ali， M. A.， Ali， H. A.， Ayub， A.， AI-Fadda， M.， Zafar， M.， Halim， 

M.， Bernvil， S.， Saour， J.， AI-Hokail， A. and Abate， M. L.: Histologically advanced chronic hepatitis C 

treat巴dwith r巴combinantalpha-interferon : a randomized placebo-controlled double-blind crossov巴rstudy. 

J. Hepatol. 19: 418-423， 1993 

13) Kagawa， T.， Morizane， T.， Saito， H.， Miyaguchi， S.， Tsunematsu， S.， Tada， S.， Guevara， F. M.， Kumagai， 

N.， Tsuchimoto， K.， Watanabe， T. and Tsuchiya， M.・Aramdomized， controlled trial of weekly adrriinis 

tration of lymphoblastoid int巴rferonin patients with chronic hepatitis C. J. H巴patol.17: 91-96， 1993. 

14) Cau自由e，X.， Godinot， H.， Chevallier， M.， Cho自由egros，P.， Zoulim， F.， Ouzan， D.， Heyraud， J. P.， Fontan-

ge唖， T.， Albrecht， J.， Meschievitz， C. and Trepo， C.・Comparisonof 1 or 3 MU of interferon alfa-2b and 

plac巴boin patients with chronic hepatitis non-A， non-B Hepatitis. Gastroent巴rology101: 497-502， 1991. 

15) Lau， J. Y. N.， Davis， G. L.， Kniffen， J.， Qian， K. P.， Urdea， M. S.， Chan， C. S.， Mizokami， M.， Neuwald， 

P. D. and Wilber， J.・Significanceof serum h巴patitisC virus RNA levels in chronic hepatitis C. Lanc巴t341: 

1501-1504， 1994. 

16) Takase， S.， Takada， N.， Sawada， M.， Takada， A.， Okanoue， T.， Yano， M. and Yatsuhashi， H. : Effects of 

interferon treatment for chronic h巴patitistype C liver diseases with different hepatitis C virus genotypes: 

a cooperativ巴studyin thr巴ehospitals. Int. Hepatol. Commun. 1・321-325，1993 

17) Yoshioka， K.， Kakumu， S.， Wakita， T.， Ishhikawa， T.， Itoh， Y.， Takayanagi， M.， Higashi， Y.， Shibata， 

M. and Morishima， T.: Detection of hepatitis C virus by polymerase chain reaction and respoηse to 

interferon-alpha therapy: r巴lationshipto genotypes of h巴patitisC virus. Hepatology 16: 293-299， 1992 

18) Dusheiko， G.， Schmilovitz-Wess， H.， Brown， D.， McOmish， F.， Yap， P. L.， Sherlock， S.， McIntyre， N. 

and S 


