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Interleukin-18/Interleukin-10 ratio is an independent
predictor of SVR patients treated with IFN-based
therapy
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   BACKGROUND/AIM: Nearly 20 % of patients with genotype 2 chronic hepatitis C (CHC) do not achieve a

sustained virologic response (SVR), even if pegylated-IFN and ribavirin are administered for 24 weeks. The

aim of this study was to determine the factors predicting the efficacy of interferon (IFN)-based therapy for

patients infected with hepatitis C virus (HCV) genotype 2.

   PATIENTS AND METHODS: Eighty-seven adults with CHC (M/F: 57/30) due to infection with HCV geno-

type 2a or 2b were studied. Thirty-six patients were treated with IFN-alpha alone, 30 patients received

consensus IFN alone, and 21 were given IFN-alpha 2b plus ribavirin. In all three regimens, IFN was admin-

istered daily for 2 weeks, followed by the same dose thrice weekly for a median of 22 weeks (range: 10-46

weeks). A SVR was defined as undetectable (< 50 IU/ml) serum HCV- RNA at 24-week follow-up. Serum

cytokines and standard liver function tests were measured before starting therapy. We retrospectively

investigated the pretreatment parameters influencing SVR by logistic regression analysis.

   RESULTS: SVR was achieved in 63 patients. The log-10 transformed serum level of HCV-RNA (log HCV-

RNA) and log IL-18/IL-10 were factors with an independent influence on SVR on multivariate regression

analysis.

   CONCLUSION: This study provided the first evidence that the baseline serum IL-18/IL-10 ratio levels is an

independent prognostic indicator for SVR in patients with CHC genotype 2.
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Introduction
　Chronic hepatitis C virus (HCV) infection is associated with

an insidious and progressive form of liver disease that may even-

tually lead to cirrhosis or hepatocellular carcinoma1,2). Therefore,

there is a great need to eliminate persistent HCV infection. The

HCV genotype and baseline serum HCV-RNA load have the
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greatest influence on the response to antiviral therapy in patients

with chronic hepatitis C (CHC)3). Patients infected with HCV

genotype 2 have a substantially better response rate to current

antiviral therapies than those infected with genotype 1. In fact,

when CHC patients with HCV genotype 2 are treated with a

combination of glycosylated (pegylated) -interferon (PEG-IFN)

-alpha plus ribavirin for 24 weeks, which is currently the stan-

dard therapy, a sustained virologic response (SVR) is achieved

in approximately 80 %4). However, nearly 20 % of patients do

not achieve SVR, even with this gold standard treatment.

　IFN alone or combined with ribavirin is believed to work via

modulation of the host immune response, rather than directly

acting as an antiviral agent5). Some interleukins (IL), such as IL-

106-8) or IL-189,10) were reported to be related with efficacy of

IFN-based regimens.

　Determining the factors that predict cure (both viral factors

and host characteristics) has become important in CHC patients

receiving PEG-IFN plus ribavirin therapy, suggesting that it might

be useful to review the results of various non PEG-IFN-based

regimens.

　Since 2002, IFN regimens were stratified according to serum

HCV-RNA level, such as IFN-alpha alone, consensus IFN (C-

IFN) alone, or IFN-alpha combined with ribavirin (R+IFN).

Between 1997 and 2001, IFN-alpha alone was used to treat CHC

patients regardless their serum HCV-RNA level.

　The goal of this study was to determine the pretreatment viral

and host parameters associated with SVR in order to better de-

fine the efficacy of PEG- IFN plus ribavirin.

Patients And Methods
1)Patients

　Between 1997 and 2007, 87 consecutive patients with CHC

were studied. All of them were confirmed to be positive for se-

rum anti-HCV antibodies by a third-generation ELISA (Ortho

Diagnostic System, Tokyo, Japan) and they were also positive

for serum HCV-RNA by the qualitative Amplicor HCV monitor

Ver. 2.0 test (Roche Molecular Systems, Inc., Pleasanton, CA,

USA). The enrollment criteria included an age between 21 and

72 years, a baseline serum HCV-RNA level measured by the

quantitative Amplicor HCV monitor Ver 2.0 test (Roche) be-

tween 0.5 (the lower limit of this test) and 850 KIU (the upper

limit), and elevation of ALT for at least 6 months. According to

the serological genotyping assay reported by Tanaka et al.11), all

patients were infected with serotype 2 (genotypes 2a or 2b). Pa-

tients were excluded if they were positive for hepatitis B surface

antigen (HBs-Ag) or antinuclear antibodies.

　Eighty-five of the 87 patients underwent percutaneous liver

biopsy under ultrasound guidance before treatment. Biopsy speci-

mens were graded according to the Histology Activity Index

(HAI) of Knodell et al.12), and were divided into three grades

according to the HAI score (Grade 1, HAI score of 1-3; Grade 2,

HAI score of 4-8; Grade 3, HAI score of 9 or more)13). Biopsy

specimens were also divided into four stages (1-4) based on the

fibrosis score of Desmet13), as shown in Table 1. The three treat-

ment groups were comparable with regard to age, sex, and the

baseline levels of AST, ALT, peripheral blood leukocyte count,

platelet, and prothrombin time, as well as and pathological find-

ings. Only the HCV-RNA load quantified by RT-PCR (Amplicor

Ver 2.0) and the history of IFN therapy showed differences

(Table 1).

　This study was performed in accordance with the internation-

ally accepted ethical standards for human experimentation. The

purpose of the study and the protocol were explained to all of the

patients and informed consent was obtained from each subject.

2)IFN-based regimens

　Since 2002, we have mainly chosen IFN-alpha alone for CHC

patients with genotype 2, and a low viral load (a baseline serum

HCV-RNA level of than 100 KIU/ml), C-IFN alone for a mod-

erate viral load (a baseline serum HCV-RNA level from 101 to

less than 500 KIU/ml), and R+IFN for patients with a high viral

load (a baseline serum HCV-RNA level of 501 KIU/ml or more).

Between 1997 and 2001, we used IFN-alpha alone, because this

was only approved in Japan at that time.

　Thirty-six patients were treated with 5-10 MU of natural

IFN-alpha alone (OIF®; Ootsuka Pharmaceutical Co. Ltd.,

Tokyo, Japan), 30 patients received 12-18 MU of C-IFN alone

(Adovaferon®; Astellas Pharma Inc, Tokyo, Japan), and 21 pa-

tients were received R+IFN, which consists of 6 MU of IFN-

alpha 2b (Intron A®; Schering Plough Pharmaceutical Co. Ltd.,

Tokyo, Japan) combined with 400-800 mg/day of ribavirin

(Schering Plough) (Table 1).

　All IFNs were administered daily for 2 weeks, followed by

the same dose thrice weekly for a median of 22 weeks (range:

10-46 weeks) after informed consent was obtained. IFN therapy

was completed without IFN dose reduction in all patients, but

some patients in the combined therapy group needed slight ad-

justment of the ribavirin dose because their hemoglobin decreased

during treatment.

3)Study Design

　Serum HCV-RNA was measured by the quantitative Amplicor

HCV monitor Ver. 2.0 test (Roche) before IFN therapy and by

the qualitative Amplicor HCV monitor Ver. 2.0 test (Roche) at



137Inflammation and Regeneration　Vol.29  No.2     MARCH  2009

24 weeks after the end of treatment. When serum HCV-RNA

was undetectable by the qualitative Amplicor HCV monitor Ver.

2.0 test at 24 weeks after finishing therapy, this was defined as a

SVR. When serum HCV-RNA was detected by this test within

24 weeks of finishing therapy, the patient was classified as a non-

responder (NR). The overall SVR rate was calculated and so was

the rate for each treatment.

　To investigate prognostic variables for SVR, we retrospectively

analyzed various pretreatment parameters of the patients by lo-

gistic regression analysis.

4)Parameters

　Before starting IFN therapy, a blood sample was collected from

each patient in the early morning. The serum levels of alanine

aminotransferase (ALT), aspartate aminotransferase (AST), lac-

tate dehydrogenase (LDH), cholinesterase (ChE), albumin (ALB),

iron, ferritin, and 2'-5' oligoadenylate synthetase (2-5 AS) were

measured according to standard procedures. The peripheral blood

leukocyte count (WBC), hemoglobin (Hgb), platelet count (PLT)

, and prothrombin time (PT) were also measured according to

standard procedures.

5)Measurement of serum cytokines

　Before starting IFN therapy, the serum levels of interleukin

(IL)-10, IL-6, IL-18, TNF-alpha, and IFN-gamma were measured

by ELISA with an IL-10 assay kit (Cytoscreen・USTM, BioSource

Int. Co., Ltd., Camarillo, CA, U.S.A.),  IL-6 assay kit (QuantiGlo,

R&D Co., Ltd., MN, U.S.A.), IL-18 assay kit (Hayashibara, Co.,

Inc. Okayama, Japan), TNF-alpha assay kit (QuantiGlo, R&D

Co., Ltd., MN, U.S.A.), and  human IFN-gamma assay kit

(BMS228, Brender MedSystems Co., Ltd., Vienna Austria), re-

spectively. We also calculated the serum IL-18/IL-10 ratio as

the pro-inflammatory/anti-inflammatory ratio.

6)Statistical Analysis

　Results are presented as the median value and the 10th-90th

percentile. Baseline characteristics were compared among the

three treatment groups by Tukey's test for continuous variables

and chi-square test for categorical variables

　Serum levels of AST, ALT, LDH, ferritin, HCV-RNA, 2-5

AS, and several cytokines were not normally distributed and

therefore were logarithmically transformed. All pretreatment

parameters were analyzed with the use of univariate logistic re-

gression analysis. Multivariate logistic regression analysis was

performed to determine the prognostic variables with SVR.

　All tests were two-tailed, and a P value less than 0.05 was

considered to indicate statistical significance.

Results
1)SVR

　SVR was achieved in 64 patients (M/F: 44/20) with a median

age of 50 years and a median baseline serum HCV-RNA level of

110 KIU/ml, while 23 patients (M/F: 13/10) with a median age

of 52 years and median baseline serum HCV-RNA level of 225

KIU/ml were classified as NR. The overall SVR rate was 73 %,

while it was 69 %, 76 %, and 76 % for the IFN-alpha group, C-

IFN group, and R+IFN group, respectively (Table 2).

Table 1　Background of the 3 groups
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Table 2　 Univariate logistic regression analysis

Table 3　 Univariate logistic regression analysis (laboratory data)

Table 4　Multivariate logistic regression analysis
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2)Univariate analysis

　According to univariate analysis, the serum log-10 transformed

HCV-RNA (log HCV-RNA) load, liver fibrosis, peripheral blood

leukocyte count, and log-10 transformed IL-18/IL-10 ratio (log

IL-18/IL-10 ratio) were associated with the achievement of SVR

(Table 2,3).

3)Multivariate analysis

　The multivariate logistic regression analysis selected the log

HCV-RNA, log IL-18/IL-10 ratio, peripheral blood leukocyte

count, and IFN regimen as significant parameters (Table 4).

Discussion
　The present study revealed that the SVR rate achieved with

IFN-alpha alone was lower than that for C-IFN alone or R+IFN.

This result is related to the treatment period. Between 1997 and

2001, IFN-alpha alone was used to treat CHC patients regard-

less of their serum HCV-RNA level. The SVR rate achieved with

C-IFN alone or R+IFN was an identical 76 %, probably because

the C-IFN alone group included more patients with a lower viral

load than the R+IFN group. On the other hand, the response of

the R+IFN group was quite good, considering that this group

contained more patients with a higher viral load. The SVR rate

of the R+IFN group was the same as that achieved by a combi-

nation of PEG-IFN-alpha and ribavirin, which has currently be-

come the standard therapy. CHC patients are now stratified ac-

cording to their HCV genotype, and patients with genotypes 1

and 4 receive treatment for 48 weeks, while those with geno-

types 2 and 3 are treated for 24 weeks. This combined therapy

demonstrates greater efficacy, and SVR can be expected in 43-

46 % of patients with genotypes 1 or 4, and in 75-80 % of those

with genotypes 2 or 34). However, the factors predicting the re-

sponse to PEG-IFN plus ribavirin do not always include the se-

rum viral load14), suggesting that the efficacy of PEG-IFN plus

ribavirin may depend more on host factors than viral factors.

　IFN-based therapy is believed to influence the host immune

response, rather than simply acting as an antiviral agent5). Since

the factors associated with a lower or higher response to this

treatment have not yet been fully identified, we performed a ret-

rospective analysis with a multiple logistic regression model to

identify pretreatment viral and host parameters that were associ-

ated with SVR to IFN-based therapy. As a result, the log serum

HCV-RNA load, IFN regimen, log serum IL-18/IL-10 ratio, and

peripheral blood leukocyte count were found to be independently

associated with SVR according to both univariate and multivari-

ate analysis.

　The ratio of pro-inflammatory cytokines (such as IL-18) to

anti-inflammatory cytokines (such as IL-10) has recently been

reported to be a useful predictor of acute coronary syndrome15,16).

The activity of specific T cells and non-antigen-specific NK cells

is controlled by the Th1 immune response, and IL-18 has been

found to be a strong co-factor in relation to acute coronary syn-

drome. IL-10 is an anti-inflammatory cytokine that inhibits pro-

atherogenic processes via several mechanisms17). However, the

significance of the IL-18/IL-10 ratio has not been investigated

in CHC patients. HCV infection has been suggested to induce

the production of IL-10 by regulatory T cells, which in turn sup-

presses CD4-positive T cell proliferation and may contribute to

the persistence of HCV infection18,19). On the other hand, the se-

rum IL-18 level was reported to increase after IFN-based therapy

and indution of IL-18 is suggested to be related to the efficacy of

IFN-based regimens9,10). It has been reported that IL-10 produced

by regulatory T cells enhances NK-cell proliferation, cytotoxic-

ity, and the production of IFN-gamma when combined with IL-

1820).

　In the present study, the baseline serum levels of IL-18 and

IL-10 were not selected as prognostic indicators, but the baseline

serum IL-18/IL-10 ratio was selected by both univariate and

multivariate regression analysis, suggesting that the ratio of these

cytokines is more important for predicting the efficacy of IFN-

based therapy than the absolute levels. Our results suggest that

the decrease of pro-inflammatory cytokines such as IL-18 and

increase of anti-inflammatory cytokines such as IL-10 induced

by chronic HCV, i.e., an anti-inflammatory cytokine dominant

state, might influence the response to IFN-based therapy. It is

possible that IL-10 enhances the immune response in CHC pa-

tients when combined with IL-18, which are induced by IFN-

based regimens during the early phase of therapy.

　Another predictor of SVR selected by multivariate analysis

was the peripheral blood WBC counts. It has been reported that

the peripheral blood WBC count is lower in CHC patients than

in controls21). In addition, it was reported that a higher peripheral

blood WBC count in CHC patients 2 weeks after starting IFN-

based therapy is a predictor of SVR22), although the basis for this

finding is not evident.

　This study has the limitation that patients were treated with

three different IFN-based regimens. Thus, further investigation

of the baseline immune status of CHC patients receiving the same

IFN-based regimen is needed, but it is possible that IFN-based

therapy is more effective for patients with a higher peripheral

blood leukocyte count and high levels of anti-inflammatory

cytokines before therapy.

　In conclusion, this is the first report (to our knowledge) that
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the serum IL-18/IL-10 ratio and peripheral blood WBC count

are host factors that are independent predictors of SVR in CHC

patients with HCV genotype 2, along with the serum HCV-RNA

load and treatment regimen. These factors may be critical deter-

minants of SVR in CHC patients receiving PEG-IFN combined

with ribavirin.

References
1) Sharara AI, Hunt CM, Hamilton JD: Hepatitis C. Ann In-

tern Med, 125: 658-668, 1996.

2) Tarao K, Rino Y, Takemiya S, Tamai S, Ohkawa S, Sugimasa

Y, Miyakawa K, Morinaga S, Yoshida M, Shibuya A,

Kokubu S, Kakita A, Endo O: Close association between

high serum ALT and more rapid recurrence of hepatocellu-

lar carcinoma in hepatectomized patients with HCV-asso-

ciated liver cirrhosis and hepatocellular carcinoma.

Intervirology, 43: 20-26, 2000.

3) Di Bisceglie AM, McHutchison J, Rice CM: New thera-

peutic strategies for hepatitis C. Hepatology, 35: 224-231,

2002.

4) Heathcote J, Main J: Treatment of hepatitis C/J Viral Hepat,

12: 223-235, 2005.

5) Ishii K, Matsumaru K, Higami K, Fujita Y, Sasao K, Wakui

N, Momiyama K, Shinohara M, Nagai H, Watanabe M, Miki

K, Sumino Y: Early immune-mediated response to ribavirn

combined with IFN in patients with chronic hepatitis C.

Hepatol Res, 34：15-22, 2006.

6) Mar1n-Serrano E, Rodr1guez-Ramos C, D1az F, Mart1n-

Herrera L, Giron-Gonzalez JA: Modulation of the anti-in-

flammatory interleukin 10 and of proapoptotic IL-18 in pa-

tients with chronic hepatitis C treated with interferon alpha

and ribavirin. J Viral Hepat, 13: 230-234, 2006.

7) Jia H, Du J, Zhu S, Ma Y, Cai H: Clinical observation of

serum IL-18, IL-10 and sIL-2R levels in patients with chronic

hepatitis C pre- and post antiviral treatment. Chin Med J,

116: 605-608, 2003.

8) Jia H, Du J, Zhu S, Ma Y, Chen H, Yang B, Cai H: The

roles of serum IL-18, IL-10, TNF-α and sIL-2R in patients

with chronic hepatitis C. Hepatobiliary Pancreat Dis Int, 1:

378-382, 2002.

9) Ishii K, Takamura N, Shinohara M, Shin H, Ikehara T, Hata

S, Kawafune T, Sumino Y, OhmotoY: Intracellular cytokine

analysis of CD4-positive T cells predictive of sustained re-

sponse to interferon therapy for patients with chronic hepa-

titis C. Dig Dis Sci, 47: 778-783, 2002.

10)Murata K, Yamamoto N, Kawakita T, Saito Y, Yamanaka

Y, Sugimoto K, Shiraki K, Nakano T, Tameda Y: Up-regu-

lation of IL-18 by interferon alpha-2b/ribavirin combina-

tion therapy induces an anti-viral effect in patients with

chronic hepatitis C. Hepatogastroenterology, 52: 547-551,

2005.

11) Tanaka T, Tsukiyama-Kohara K, Yamaguchi K, Yagi S,

Tanaka S, Hasegawa A, Ohta Y, Hattori N, Kohara M: Sig-

nificance of specific antibody assay for genotyping of hepa-

titis C virus. Hepatology, 19: 1347-1353, 1994.

12) Knodell RG, Ishak KG, Black WC, Chen TS, Craig R,

Kaplowits N, Kiernan TW, Wollman J: Formulation and

application of a numerical scoring system for assessing his-

tological activity in asymptomatic chronic hepatitis.

Hepatology, 1: 431-435, 1981.

13) Desmet VJ, Gerber M, Hoofnagle JH, Manns M, Scheuer

PJ: Classification of chronic hepatitis: diagnosis, grading,

and staging. Hepatology, 19: 1513-1520, 1994.

14) Berg T, Sarrazin C, Herrmann E, Hinrichsen H, Gerlach T,

Zachoval R, Wiedenmann B, Hopf U, Zeuzem S: Predic-

tion of treatment outcome in patients with chronic hepatitis

C: significance of baseline parameters and viral dynamics

during therapy. Hepatology, 37: 600-609, 2003.

15) Chalikias GK, Tziakas DN, Kaski JC, Hatzinikolaou EI,

Stakos DA, Tentes IK, Kortsaris A, Hatseras DI: Interleukin-

18: interleukin-10 ratio and in-hospital adverse events in

patients with acute coronary syndrome. Atherosclerosis, 182:

135-143, 2005.

16) Chalikias GK, Tziakas DN, Kaski JC, Kekes A, Hatzinikolaou

EI, Stakos DA, Tentes IK, Kortsaris AX, Hatseras DI:

Interleukin-18/interleukin-10 ratio is an independent pre-

dictor of recurrent coronary events during 1-year follow-up

in patients with acute coronary syndrome. Int I Cardiol, 117:

333-339, 2006.

17) de Vries JE: Immunosuppressive and anti-inflammatory

properties of interleukin-10. Ann Med, 27: 537-541, 1995.

18) Cabrera R, Tu Y, Xu Y, Firpi RJ, Rosen HR, Liu C, Nelson

DR: An immunomodulatory role for CD4(+)CD25(+) regu-

latory T lymphocytes in hepatitis C virus infection.

Hepatology, 40: 1062-1071, 2004.

19) Bolacchi F, Sinistro A, Ciaprini C, Demin F, Capozzi M,

Carducci FC, Drapeau CM, Rocchi G, Bergamini A: In-

creased hepatitis C virus (HCV)-specific CD4+ CD25+ regu-

latory T lymphocytes and reduced HCV-specific CD4+ T

cell response in HCV-infected patients with normal vursus

abnormal alanine aminotransferase levels. Clin Exp

Immunol, 144: 188-196, 2006.



141Inflammation and Regeneration　Vol.29  No.2     MARCH  2009

20) Cai G, Kastelein RA, Hunter CA: IL-10 enhances NK cell

proliferation, cytotoxicity and production of IFN-γ when

combined with IL-18. Eur J Immunol, 29: 2658-2665, 1999.

21) Streiff MB, Mehta S, Thomas DL: Peripheral blood count

abnormalities among patients with hepatitis C in the United

States. Hepatology, 35: 947-952, 2002.

22) Turbide C, Soulellis C, Deschenes M, Hilzenrat N: Does a

rapid decline in the hematological and biochemical param-

eters induced by interferon and ribavirin combination therapy

for the hepatitis C virus predict a sustained viral response?

Can J Gastroenterol, 22: 149-152, 2008.


