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[1. Elimination of patients who were likely to relapse using HBV DNA levels (n = 126, Fig. 3)1

=~==3 Patients with HBY DNA > 3.0 log copies/mL at discontinuation (n = 31)

|2, Elimination of patients who were likely to relapse using HBeAg positivity (n = 95, Fig. 4) I

—-==3 Patients positive for HBeAg at discontinuation (n = 10)

Figure 2 The progression of analyses in
the present study and population struc-
ture of each analysis.

3. Analysis of additional factors in the remaining patients who had HBV DNA < 3.0 log
copies/ml and were HBeAg-negative at discontinuation (n = 85, Tables 1 and 2)

4. Model for predicting relapse of hepatitis (n = 85, Fig. 5 and 6)

both negative for HBeAg and whose serum HBV DNA
was lower than 3.0 log copies/mL at NA cessation.
Table 1 shows the comparison of clinical and virological
backgrounds between the 53 relapse and 32 non-relapse
patients using univariate analysis. Age and gender dis-
tributions were similar between the groups. Approxi-
mately 75% of the 85 patients had HBV genotype C, but
the distribution of genotypes did not differ between the
groups. Approximately 90% of patients were being
treated with LVD alone at the time of discontinuation,
compared with 6% of patients being given ETV. The
median duration of NA treatment was about two times
longer in patients without relapse. Levels of both HBsAg
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and HBcAg were significantly lower in non-relapse
patients than in relapse patients at the time of NA dis-
continuation. The difference between serum HBsAg was
also significant at the initiation of NAs, but not that of
HBcrAg. As only patients with HBV DNA lower than 3.0
log copies/mL were analyzed, the majority of these cases
showed levels below the 2.6 log copies/mL lower detec-
tion limit of the Amplicor assay at NA discontinuation.
We therefore also tested HBV DNA with a TagMan assay,
which had a higher sensitivity than the Amplicor assay,
in 43 patients whose serum samples were available. The
prevalence of patients having a negative detection signal
did not differ between the two groups. The number of
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Figure 3 Comparison of non-relapse rates using the Kaplan-
Meier method between 31 patients with serurn hepatitis B virus
(HBV) DNA equal to or higher than 3.0 log copies/mL and 95
patients with serum HBV DNA lower than 3.0 log copies/mL at
the time of nucleos(t)ide analog (NA) discontinuation.
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Figure 4 Comparison of non-relapse rates using the Kaplan-
Meier method between 10 patients with detectable hepatitis B
e antigen (HBeAg) and 85 patients without detectable HBeAg
at the time of nucleos(t)ide analog (NA) discontinuation.
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Table 1 Comparison of clinical and virological backgrounds between patients with and without relapse of hepatitis at initiation

and discontinuation of nucleos(t)ide analogs (NAs)

Background Non-relapse patients Relapse patients P-value
(n=32) (n=53)
At initiation of NAs
Age (years)t 47 (17-75) 48 (26-74) >0.2
Gender (M : F) 23:9 32:21 >0.2
ALT (IU/L)+ 183 (9-1182) 187 (20-2052) >0.2
Genotype (A:B:C:UD) 1:2:21:8 0:3:44:6 0.193
HBeAg (positive)# 11 (34%) 16 (30%) >0.2
HBV DNA
Amplicor assay (log copies/mL)+ 6.2 (<2.6->7.6) 6.5 (<2.6~>7.6) 0.099
HBsAg (log IU/mL)t 2.7 (0.1-4.3) 3.3 (1.6-3.9) 0.018
HBcrAg (log U/mL)t 5.2 (<3.0->6.8) 5.6 (<3.0->6.8) >0.2
At discontinuation of NAs
Age (years)t 50 (21-78) 49 (26-79) >0.2
NAs (LVD : LVD+ADV : ETV : ADV) 28:1:3:0 50:0:2:1 >0.2
Duration of NA treatment (months)t 36 (4-129) 17 (4-84) 0.007
Follow-up period after discontinuation of NAs (months)t 45 (6-123) 12 (1-111) 0.002
ALT (IU/L)t 16 (7-38) 20 (9-65) 0.002
HBV DNA
Amplicor assay (log copies/mL) <2.6 (<2.6-2.9) <2.6 (<2.6-2.9) >0.2
TagMan assay (negative signal)$ 5 (23%) 3 (14%) >0.2
. (n=22) (n=21)
TagMan assay (negative or positive signal)# 13 (59%) 13 (62%) >0.2
(n=22) (n=21)
HBsAg (log IU/ml)t 2.0 (<=1.5-4.3) 3.1 (0.6-4.0) 0.001
HBcrAg (log IU/mL)t 3.4 (<3.0-4.9) 4.3 (<3.0->6.8) 0.003

tData are expressed as the median (range)
$Data are expressed as a positive number (%)

ADV; adefovir dipivoxil; ALT, alanine aminotransferase; ETV, entecavir; HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B e
antigen; HBsAg, hepatitis B surface antigen; LVD, lamivudine; UD, undetermined.

patients with a negative detection signal or a positive
signal also did not vary significantly. The follow-up
period after discontinuation of NAs was significantly
shorter in patients with relapse than in those without
because formal follow-up ended once patients relapsed.
The median period of follow-up was 45 months in
patients without relapse.

Multivariate analyses revealed that a shorter duration
of NA treatment and higher levels of HBsAg and HBcrAg
at discontinuation were significantly associated with the
occurrence of hepatitis relapse (Table 2). The cut-off

values that showed the highest significance by ROC
analysis were 1.9 log IU/mL for HBsAg (AUC = 0.707,
P=0.001), 4.0 log U/mL for HBcrAg (AUC=0.692,
P=0.003), and 16 months (AUC=0.674, P=0.007)
for treatment duration.

Model for predicting relapse of hepatitis
using levels of HBsAg and HBcrAg

The existence of a second cut-off value was suggested by
ROC analysis for both of HBsAg (2.9 log IU/mL) and
HBcrAg (3.0 log IU/mL) to discriminate between

Table 2 Multivariate analysis of factors associated with relapse of hepatitis after discontinuation of nucleos(t)ide analogs (NAs)

Factor Hazard ratio 95%CI P-value
HBsAg at discontinuation 2 1.9 log IU/mL 5.21 1.87-14.55 0.002
HBcrAg at discontinuation 2 4.0 log U/mL 2.20 1.25-3.87 0.006
Duration of NA treatment > 16 months 0.54 0.31-0.93 0.027

CI, confidence interval; HBcrAg, hepatitis B core-related antigen; HBsAg, hepatitis B surface antigen.
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patients with and without relapse (Fig. 5). Thus, we set
cut-off values as 1.9 and 2.9 log IU/mL for HBsAg and
3.0 and 4.0 log U/mL for HBcrAg in our model for
predicting hepatitis relapse.

We tentatively defined three groups using the sum of
the scores for HBsAg and HBcrAg levels at the time of
NA discontinuation for our model. Conversions were
made by assigning a score of 0 for an HBsAg level lower
than 1.9 log IU/mL, 1 for a level from 1.9 to 2.8 log
IU/mL, and 2 for a level equal to or higher than 2.9 log
IU/mL. HBcrAg was scored as 0 for a level lower than 3.0
log U/mL, 1 for a level from 3.0 to 3.9 log U/mL, and 2
for a level equal to or higher than 4.0 log U/mL. Overall,
group 1 consisted of patients with a total score of 0,
group 2 of patients with a total score of 1 or 2, and
group 3 of patients with a total score of 3 or 4.

Patients whose HBV DNA was lower than 3.0 log
copies/mL and in whom HBeAg was negative at the time
of NA discontinuation were assigned to one of the three
groups. Figure 6 shows the comparison of non-relapse
rates among the three groups using Kaplan-Mejer analy-
sis, which differed significantly. The non-relapse rate
was approximately 90% in group 1, as low as 10% in

group 3, and intermediate in group 2. When factors
associated with relapse were analyzed in group 3
patients, an age of over 40 years at the time of discon-
tinuation was calculated as a significant factor (hazard
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Figure 6 Comparison of non-relapse rates using the Kaplan-

Meier method among three groups classified by the sum of the

scores of hepatitis B surface antigen (HBsAg) and hepatitis B

core-related antigen (HBcrAg) levels at the time of nucleo-

s(t)ide analog (NA) discontinuation.
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ratio = 5.25, range 2.37-11.65, P<0.001). No signifi-
cant factors were associated with relapse in group 2
patients.

DISCUSSION

HE EUROPEAN ASSOCIATION for the Study of the

Liver recommends continuation of NA treatment
until HBsAg is cleared.” Liu etal. came to a similar
conclusion in their study of chronic hepatitis B patients
treated with LVD. Indeed, the clearance of HBsAg is a
reliable marker for the safe discontinuation of NAs, but
the rate of patients who can clear HBsAg is relatively
low (1-3%]year).**® Thus, additional factors associ-
ated with relapse of hepatitis B after discontinuation of
NAs were analyzed in the present study to better identify
candidates who could achieve drug-free status. Such
studies are relatively few, possibly because patients who
discontinue NAs prematurely often experience severe
complicating relapse and hepatic failure.® Although pro-
spective studies are desirable to obtain accurate results,
retrospective studies, such as ours, are also necessary to
minimize the risk of adverse complications.

Since HBV cannot be completely eradicated in hosts,
the primary goal in treating chronic hepatitis B is to
convert symptomatic patients into inactive carriers in
whom HBeAg is negative (usually anti-HBe-positive),
serum HBV DNA is low, and serum ALT is normal **18%
Thus, we set the clinical conditions of a successful dis-
continuation of NAs as serum HBV DNA level below 4.0
log copies/mL and ALT below 30 IU/L following NA
cessation. Patients who satisfy these conditions are not
recommended for treatment by the Japanese guidelines
for hepatitis B, and it is also widely accepted that the
risk of developing cirrhosis or complicating hepatocel-
lular carcinoma is very low in such patients.?**! We used
our cohort’s mean and maximal values of HBV DNA
and ALT for relapse analyses. Mean values were useful
for evaluating relapse of hepatitis as a whole since
parameter levels often fluctuated after discontinuation,
and maximal values were used to evaluate relapse in a
real-time fashion during the follow-up period. It is note-
worthy that the mean and maximal values correlated
very closely for both HBV DNA and ALT. The mean HBV
DNA value of 4.0 log copies/mL corresponded to the
maximal HBV DNA value of 5.7 by ROC analysis, and
similarly the mean ALT value of 30 IU/L corresponded
to the maximal ALT value of 79 IU/L. Thus, relapse of
hepatitis B was judged to occur when serum ALT became
higher than 79 IU/L or when serum HBV DNA sur-
passed 5.7 log copies/mL after the time of NA discon-
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tinuation. Such criteria may also be useful for physicians
to detect relapse at an early phase and avoid the occur-

. rence of severe reactivation or unnecessary discontinua-

tion of NAs.

It is generally understood that patients with a higher
level of HBV DNA at the time of NA discontinuation are
likely to relapse, but this cut-off value has not been
analyzed sufficiently. Our findings using ROC analysis
showed that patients with levels lower than 3.0 log
copies/mL have a good possibility to achieve successful
discontinuation. The presence of HBeAg is also gener-
ally accepted as a reliable factor to predict relapse of
hepatitis. Our study showed that patients with detect-
able HBeAg at the time of NA discontinuation were
likely to relapse, even if their HBV DNA levels were
lower than 3.0 log copies/mL. Therefore, we next ana-
lyzed additional factors associated with a relapse of
hepatitis after discontinuation of NAs by selecting
patients who met both of these criteria.

Nucleos(t)ide analog treatment produces a rapid
decrease in serum HBV DNA by suppressing reverse
transcription of pregenomic HBV RNA. However,
the key intrahepatic HBV replicative intermediate,
covalently closed circular DNA (cccDNA), tends to
remain and is capable of reinitiating replication once
NAs are ceased.’? Measurement of HBV cccDNA has
been reported to be useful for monitoring and predict-
ing responses to antiviral treatments.*® However, its
measurement is difficult in the clinical setting as it
requires a liver biopsy. Due to the mechanism of action
of NAs mentioned above, serum HBV DNA does not
reflect intrahepatic HBV cccDNA in patients undergoing
NA treatment.® To address this, quantitative measure-
ment of HBV antigens has been reported to be useful for
predicting the effect of antiviral treatment in patients
with chronic hepatitis B. Although HBsAg is usually
used as a serum marker for the diagnosis of HBV infec-
tion, several groups have shown that HBsAg levels can
also be reflective of the response to peg-interferon in
chronic hepatitis B.2%3*3¢ The HBcrAg assay measures
serum levels of HB core and e antigens simultaneously
using monoclonal antibodies that recognize the
common epitopes of these two denatured antigens.
Since the assay measures all antigens transcribed from
the pre-core/core gene, it is regarded as core-related.
Serum HBcrAg has been reported to accurately reflect
intracellular levels of HBV cccDNA even during NA
treatment,?****® and was found to be useful for identi-
fying patients who were likely to show relapse of hepa-
titis after the discontinuation of NAs.** It is possible
that levels of HBsAg and HBcrAg have different roles in
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monitoring antiviral effects because the transcription of
these two antigens are regulated by alternative enhancer-
promoter systems in the HBV genome.® Therefore, we
analyzed both of these antigens to elucidate their ability
to predict relapse of hepatitis after discontinuation of
NAs.

Multivariate analysis demonstrated that levels of
HBsAg and HBcrAg at the time of NA discontinuation
were independent factors significantly associated with
relapse of hepatitis. Thus, we believe these factors can
also be applied for predicting relapse in patients whose
HBV DNA is lower than 3.0 log copies/mL and whose
HBeAg is negative at NA discontinuation. HBV DNA
levels were further analyzed using a highly sensitive
assay based on real-time polymerase chain reaction
(PCR). However, even the level of a negative signal
did not ensure successful discontinuation of NAs. The
results obtained here indicate that the combined use of
HBV-related antigens are useful makers for monitoring
the effect of anti-viral treatment in ways different from
HBV DNA. Finally, since prolonged NA administration
was also a significant factor associated with safe discon-
tinuation, physicians are advised to continue patient
treatment for at least 16 months for the best possible
outcormne.

From our data, a tentative model for predicting
relapse of hepatitis after discontinuation of NAs was
constructed using levels of HBsAg and HBcrAg at dis-
continuation. A negative result for HBeAg and HBV
DNA lower than 3.0 log copies/mL at the time of NA
discontinuation are the essential conditions in this
system. Levels of HBsAg and HBcrAg were each con-
verted into scores from 0 to 2 partly because two cut-off
values were needed for each antigen and partly because
a scoring system may be more convenient for clinical
use. The sum of the two scores, which ranged from 0 to
4, was used to prospect relapse. We found that group 1
patients who had a low score (0) could be recom-
mended to discontinue NAs because nearly 90% of

this group achieved successful discontinuation. Further -

analysis of factors associated with relapse are needed for
group 2 patients who had middle range scores (1 or 2),
since the odds of achieving successful discontinuation
were approximately 50%. Continuation of NA treat-
ment is recommended for group 3 patients having high
scores (3 or 4) because nearly 90% of this group
relapsed. However, this recommendation may be recon-
sidered in patients younger than 40 years; such cases
tended to have a lower relapse rate in group 3. It is also
noteworthy that relapse occurred mainly during the first
and second years following NA discontinuation in

Relapse following discontinuation of NAs 9

all groups, similarly to a report by Liu et al.** Thus,
clinicians should be vigilant in the early phase after
discontinuation.

This study has several limitations. The patients who
discontinued NAs were recruited retrospectively, and
thus the decision to halt NA treatment was made by
individual physicians without uniformly established cri-
teria. Based on this, prospective studies are required to
confirm our results. Furthermore, as over 90% of the
patients we enrolled had genotype C and over 90% of
cases were treated with LVD until discontinuation, the
results obtained here can not be applied directly to other
HBV genotypes or other types of NAs.

In conclusion, the present study showed that maximal
levels of serum ALT and HBV DNA were useful for defin-
ing relapse patients after discontinuation of NAs. Along
with serum HBV DNA of less than 3.0 log copies/mL
and negative serum HBeAg, serum levels of HBsAg and
HBcrAg at the time of NA discontinuation were able to
predict relapse of hepatitis B and should therefore
be considered when establishing uniform guidelines
regarding the safe withdrawal of NA treatment. To this
end, NA administration of more than 16 months is
advisable to achieve successful discontinuation.
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Case Report
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Early detection of interstitial pneumonia by monitoring KL-6
in a chronic hepatitis C patient undergoing pegylated
interferon and ribavirin therapy

Yuki Ichikawa-Yamada,! Satoru Joshita,' Yoshinori Tsukahara,? Takefumi Kimura,’
. Susumu Morita," Atsushi Kamijo,' Takeji Umemura,' Tetsuya Ichijo," Akihiro Matsumoto,’

Kaname Yoshizawa' and Eiji Tanaka'

'Department of Medicine, Division of Gastroenterology and Hepatology, Department of Radiology, Shinshu

University School of Medicine, Matsumoto, Japan

A 58-year-old woman with chronic hepatitis C developed
interstitial pneumonia (P} while undergoing pegylated inter-
feron (PEG IFN)-0-2a and ribavirin (RBV) therapy. Serum levels
of sialylated carbohydrate antigen KL-6 (KL-6), a known marker
of disease activity in fibrosing lung disorders, had been regu-
larly measured once a month for early detection of IP, and
had begun rising noticeably from 12 weeks to 540 U/mL at
33 weeks of treatment. On examination, remarkable fine
crackles were detected by dorsal auscultation and bilateral
ground-glass opacities and reticular shadows were depicted

by computed tomography. The patient successfully recovered
from her early-stage pneumonia by immediate discontinua-
tion of therapy, which indicates that regular monitoring of
serum KL-6 may be effective for avoidance of IP progression
induced by PEG IFN and RBV therapy.

Key words: interstitial pneumonia, KL-6, pegylated
interferon, ribavirin

INTRODUCTION

EGYLATED INTERFERON (PEG IFN)-0-2a com-

bined with ribavirin (RBV) has become one of the
gold standards for hepatitis C virus (HCV) treatment.!
However, side-effects are observed in almost 80%
of patients receiving this therapy. Pulmonary toxicity
in patients undergoing HCV treatment is rare, espe-
cially interstitial pneumonia (IP) induced by PEG IEN
and RBV therapy. Sialylated carbohydrate antigen KL-6
(KL-6) is a mucinous high-molecular weight glycopro-
tein expressed on type 2 pneumonocytes that is a
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useful marker for the clinical diagnosis of interstitial
lung diseases and the evaluation of disease activity.?
It was reported that the sensitivity, specificity and
diagnostic accuracy for KL-6 were 93.9%, 96.3% and
95.7%, respectively, for interstitial lung diseases.?

Herein, we describe a patient who avoided progres-
sion to severe IP induced by PEG IFN-o-2a and
RBV therapy by regularly measuring serum levels of
KL-6.

CASE REPORT

58-YEAR-OLD Japanese woman was referred to

our hospital by her primary care physician for
treatment of HCV likely stemming from a blood trans-
fusion 33 years prior during childbirth. Her serum
levels of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) had been consistently greater
than 30IU/L. Chronic hepatitis was histologically
proven by liver tissue biopsy, which revealed scores
for periportal bridging necrosis, intralobular degen-
eration and focal necrosis, and fibrosis of 1 each

© 2011 The Japan Society of Hepatology
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Figure 1 Clinical course of the present case. Figure shows the time course of white blood cell count (WBC), hemoglobin level (Hb),
platelet count (Plt), serum levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT), lactate dehydrogenase
(LDH), serum level of KL-6 and serum hepatitis C virus (HCV) RNA by Tag-Man assay. Serum levels of C-reactive protein have been
<0.03 mg/dL during the dlinical course (data not shown). Shaded areas indicate the doses of pegylated interferon (PEG IFN)-ci-2a
and ribavirin (RBV). KL-6 began to rise noticeably from 12 weeks and reached 540 U/mL (upper limit of normal range, 435) after
33 weeks of combination therapy. Computed tomography (CT) performed at 33 weeks revealed findings compatible with inter-
stitial pneumonia (IP) (Fig. 2a). PEG IEN and RBV treatment was immediately discontinued. The patient avoided development of
severe IP without additional therapy.
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Figure 2 (a) Computed tomography (CT) performed at 33 weeks of treatment with pegylated interferon (PEG IFN)-0-2a combined
with ribavirin (RBV) shows bilateral ground-glass opacities (black arrow) and reticular shadows (black circles) located in the
peripheral and dorsal areas of the lungs. (b) The shadows were diminished slightly 22 weeks after discontinuation of PEG IEN and
RBV therapy. (c) The patient’s prior pulmonary condition depicted by abdominal CT taken 2 years prior to treatment showed
negligible reticular interstitial shadows at the base of the lungs, indicating that the patient might have had mild underlying chronic

interstitial pneumonia.

and a portal inflammation score of 3, with 20%
fatty deposition as assessed by the Knodell hepatitis
activity index (HAI) classification.* Her single nucle-
otide polymorphism of interleukin 28Bat rs80999175¢
was G/G. She neither smoked nor habitually con-
sumed alcohol. No history of pulmonary disease, fre-
quent respiratory infection or autoimmune disease was
noted.

The patient was started on combination treatment of
regular doses of PEG IFN-a-2a 180 pug s.c. once weekly
and RBV 600 mg/day p.o. (Chugai Pharmaceutical,
Tokyo, Japan). Serum HCV RNA was decreased to an
undetectable level by Tag-Man assay 20 weeks after the
initiation of therapy (Fig. 1). She showed occasional
mild hematopenia, resulting in periodic dose reduc-
tions of RBV to 400 mg/day (Fig. 1). Serum levels of
KL-6 were 251 U/mL (normal range, 105-435) at
treatment onset and were regularly measured once a
month. KL-6 began to rise noticeably from 12 weeks
and reached 540 U/mL after 33 weeks of therapy, at
which time peripheral white blood cell count and
serum levels of C-reactive protein and lactate dehydro-
genase were 1690/pL with neutrophils of 900/uL,

© 2011 The Japan Society of Hepatology

0.03 mg/dL and 249 IU/L (normal range, 114-220),
respectively. Although clinical symptoms of dry cough,
fever and dyspnea were undetectable, fine crackles
could be heard during auscultation of her back.
Computed tomography (CT) revealed bilateral patchy
ground-glass opacities around the dorsal area of the
lungs (Fig. 2a). No evidence of congestive heart failure
was demonstrated by cardiac ultrasonography. PEG
IFN and RBV treatment was immediately discontinued
due to suspicions of complicating IP. She was observed
carefully without any further medication. Serum levels
of KL-6 continued increasing until 4 weeks after cessa-
tion of therapy to 731 U/mL and then decreased
gradually, but did not return to pretreatment levels at
her final medical checkup 10 months after cessation
of therapy. Accordingly, she was monitored by regular
follow up at our outpatient clinic for further symptoms
of IP and ultimately avoided development of severe IP.
Serum HCV RNA became detectable by Tag-Man
assay 12 weeks after discontinuation of PEG IFN and
RBV therapy, but CT performed at 22 weeks after
halting combination treatment depicted that the
patchy ground-glass opacities had diminished slightly
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Table 1 Published cases of interstitial pneumonia complicating pegylated interferon (PEG IFN) and ribavirin combination therapy in English-language published

work
Case Age Sex Genotype Fibrosis Tobacco Typeof PEGIFN  Ribavirin Onset Clinical symptoms Therapies Result
(years) PEGIFN (ug/week) (mg/day) (weeks)
18 48 Female 2b F3 N.D. o2a N.D. N.D.+A 6 Fever, cough Discontinuation and  Resolved
steroids
2° 72 Male N.D. N.D. N.D. a2b 1.5/kg 800 16 Dyspnea Discontinuation and  Resolved
steroids
310 49 Male N.D. Cirthosis*  Former  o2b 150 1200 2 Cough, dyspnea Discontinuation and Death§
steroids
41 71 Female 2and4  N.D. Never o2a 180 800 6 Cough, shortness of  Discontinuation Resolved
breath
512 51 Male la F3* N.D. o2b 100 1200 5 Fever, dry cough, Discontinuation and  Death #
dyspnea steroids
6 58 Female 1b F3* Never o2b 1.5/kg 1000 12 Dyspnea Discontinuation and  Resolved
o2a 180 1000+A 12 dyspnea inhalation steroids
7 47 Female 2b Cirrhosis**  Never 02b 100 800 8 Dry cough, dyspnea Discontinuation and  Resolved
steroids
8 43 Female 1b Cirthosis*  N.D. o2b 120 800 48 Dyspnea, cough, fever Discontinuation and Death$
steroids
916 68 Male 1b N.P. N.D. o2a 100 800 36 Exertional dyspnea Discontinuation and  Resolved
steroids
107 51 Male 3 F2* N.D. o2b 150 800 4 Dry cough Discontinuation and  Resolved
steroids
Our case 58 Female 1b F1 Never a2a 180 600 33 None Discontinuation Resolved

*clinically diagnosed without histopathology; *METAVIR score?’; **histologically demonstrated as probable cirrhosis; §death from acute respiratory distress syndrome and
multi-organ failure; $, death from progressive hypoxemia induced by interstitial pneumonia; $, death from acute cholestatic hepatitis.
+A, Amantadine; N.D., not described; N.P., not performed. -
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(Fig. 2b). Abdominal CT taken 2 years prior to therapy
depicted negligible reticular interstitial shadows at the
base of the lungs (Fig. 2c), indicating that the patient
might have been complicated with mild chronic IP at
treatment onset.

DISCUSSION

ANY SIDE-EFFECTS of PEG IEN and RBV therapy

have been reported, such as hematological disor-
ders, flu-like symptoms, neuropsychiatric disturbances,
ophthalmological disorders, glucose metabolism dis-
ruption, autoimmune disease exacerbation, sarcoidosis,
dermatological complications, hair loss and thyroid
dysfunction; almost all of which can be managed with
supportive care. It was also reported that respiratory
tract symptoms, including a non-productive cough and
shortness of breath, may occur,” and that the etiology
of dyspnea and other respiratory symptoms is usually
attributed to anemic severity. A total of 10 cases that
were complicated with IP during combination therapy
have been reported to date (Table 1)..7 Among them,
no relationships with regards to age, sex or type of PEG
IFN were apparent. In addition, IP arose at any stage of
treatment or hepatic fibrosis, and was unrelated to
present or former use of tobacco. Clinical symptoms
included fever, cough and dyspnea in almost all cases,
although these are non-specific as physical findings in
patients with IP. However, crackles may be present
despite the absence of abnormalities in chest X-rays;
clinicians are advised to auscult the base of the lungs
along the posterior axillary line when diagnosing for IP,
as crackles may be audible in this location at disease
onset, as presented in this case.

The mechanism of IP related to PEG IFN and RBV
remains elusive, but is considered to be related to
pathophysiological and immunomodulatory causes.
One of the main contributing factors to IP is the direct
toxicity of the HCV treatment to the lungs. Another
possibility is indirect mechanisms acting via immuno-
logical pathways, such as T-cell abnormalities.’®* We
also cannot exclude the involvement of HCV itself in
the pathogenesis of IP induced by IEN therapy because
no such reports have been found for patients treated
for hepatitis B virus. IP associated with IFN mono-
therapy® or PEG IFN monotherapy® has been reported
to date. However, RBV monotherapy has never been
reported as the cause of IP because it is always given in
conjunction with IFN or PEG IEN for treatment of
HCV. Thus, PEG IFN, and not RBV, seems to have
been the primary cause of IP.

© 2011 The Japan Society of Hepatology
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Interstitial pneumonia developing during HCV treat-
ment requires prompt detection and immediate discon-
tinuation of PEG IFN and RBV therapy®*’ due to a
reported mortality rate of 7%.7 Notably, three cases
treated with PEG IFN and RBV died from associated IP
despite being treated with corticosteroids after immedi-
ate IFN discontinuation.!®21?

Serum KL-6 is a sensitive marker of disease activity in
fibrosing lung disorders.*® It was reported that KL-6
levels gradually increased from pretreatment levels
when retrospectively measured every 12 weeks during a
48-week treatment course in chronic hepatitis C patients
treated with PEG IEN and RBV therapy,® although no
patients developed IP in the cohort. Nonetheless,
changes in serum KL-6 may provide useful information
to assess early suspicions of IP, especially if accompa-
nied by other diagnostic findings such as clinical exami-
nation or CT. In this case, a progression to severe IP
could be prevented by discontinuation of combination
therapy through monthly monitoring of serum KL-6.
Her continuously elevated serum KL-6 has necessitated
regular follow up, and may be related to the persistent
pulmonary shadows in chest CT.

In conclusion, clinicians should bear IP in mind as a
complication during PEG IFN and RBV combination
therapy. Measurement of serum KL-6 is advised to detect
and avoid progression of IP at an early stage.

ACKNOWLEDGMENTS

E THANK TREVOR Ralph for his English editorial
assistance.

REFERENCES

1 Fried MW, Shiffman ML, Reddy KR et al. Peginterferon
alfa-2a plus ribavirin for chronic hepatitis C virus infec-
tion. N Engl ] Med 2002; 347: 975-82.

2 Kobayashi J, Kitamura S. KL-6: a serum marker for intersti-
tial pneumonia. Chest 1995; 108: 311-5.

3 Ohnishi H, Yokoyama A, Kondo K et al. Comparative study
of KL-6, surfactant protein-A, surfactant protein-D, and
monocyte chemoattractant protein-1 as serum markers for
interstitial lung diseases. Am J Respir Crit Care Med 2002;
165: 378-81.

4 Knodell RG, Ishak KG, Black WC et al. Formulation and
application of a numerical scoring system for assessing
histological activity in asymptomatic chronic active hepa-
titis. Hepatology 1981; 1: 431-5.

5 Tanaka Y, Nishida N, Sugiyama M et al. Genome-wide
association of IL28B with response to pegylated interferon-
alpha and ribavirin therapy for chronic hepatitis C. Nat
Genet 2009; 41: 1105-9.

- 950 —



Hepatology Research 2011; 41: 904-909

10

11

12

13

Umemura T, Joshita S, Yoneda S et al. Serum I1-10 and
IL-12p40 levels and IL28B Gene Polymorphisms: Pretreat-
ment Prediction of Treatment Failure in Chronic Hepatitis
C. Antiviral Ther 2011 (in press).

Manns MP, McHutchison JG, Gordon SC et al. Peginter-
feron alfa-2b plus ribavirin compared with interferon
alfa-2b plus ribavirin for initial treatment of chronic hepa-
titis C: a randomised trial. Lancet 2001; 358: 958-65.
Kumar KS, Russo MW, Borczuk AC et al. Significant pul-
monary toxicity associated with interferon and ribavirin
therapy for hepatitis C. Am J Gastroenterol 2002; 97: 2432~
40.

Nemivant RR, Hammadeh R, Shah N, Villanueva J. Inter-
stitial pneumonitis due to pegylated interferon alfa-2b and
ribavirin. Chest 2003; 124: 242s-s.

Abi-Nassif §, Mark EJ, Fogel RB, Hallisey RX, Jr. Pegylated
interferon and ribavirin-induced interstitial pneumonitis
with ARDS. Chest 2003; 124: 406-10.

Midturi J, Sierra-Hoffman M, Hurley D, Winn R, Beissner
R, Carpenter ]. Spectrum of pulmonary toxicity associated
with the use of interferon therapy for hepatitis C: case
report and review of the literature. Clin Infect Dis 2004; 39:
1724-9.

Fuhrmann V, Kramer L, Bauer E et al. Severe interstitial
pneumonitis secondary to pegylated interferon alpha-2b
and ribavirin treatment of hepatitis C infection. Dig Dis Sci
2004; 49: 1966-70.

Renou C, Germain S, Harafa A et al. Interstitial pneumonia
recurrence during chronic hepatitis C treatment. Am J
Gastroenterol 2005; 100: 1625-6.

— 951 —

14

15

16

17

18

19

20

21

Monitoring PEG IFN- and RBV-induced IP 909

Chen YC, Lu SN, Lin MC. Interstitial pneumonitis after
combination therapy with pegylated interferon alpha-2b
and ribavirin for chronic hepatitis C. Chang Gung Med ]
2007; 30: 92-7.

Carrillo-Esper R, Gonzalez-Avila D, Uribe-Rios M, Mendez-
Sanchez N. Interstitial pneumonitis associated with pegy-
lated interferon alpha-2b therapy for chronic hepatitis C:
case report. Ann Hepatol 2008; 7: 87-90.

Atug O, Akin H, Alahdab YO, Ceyhan B, Tozun N,
Ozdogan O. Interstitial pneumonitis associated with pegy-
lated interferon-alpha 2a and ribavirin for chronic hepati-
tis C infection: a case report. Cases J 2009; 2: 6464.
Slavenburg S, Heijdra YF, Drenth JP. Pneumonitis as a
consequence of (peg)interferon-ribavirin combination
therapy for hepatitis C: a review of the literature. Dig Dis Sci
2010; 55: 579-85. :

Ishizaki T, Sasaki F, Ameshima S etal. Pneumonitis
during interferon and/or herbal drug therapy in patients
with chronic active hepatitis. Eur Respir ] 1996; 9: 2691~
6.

Okanoue T, Sakamoto §, Itoh Y et al. Side effects of high-
dose interferon therapy for chronic hepatitis C. J Hepatol
1996; 25: 283-91.

AraseY, Ikeda K, Suzuki Y et al. Serum KL-6 level is elevated
in chronic hepatitis C patients with combination therapy
of pegylated interferon and ribavirin. Intern Med 2007; 46:
1155-60.

Bedossa P, Poynard T. An algorithm for the grading of
activity in chronic hepatitis C. The METAVIR Cooperative
Study Group. Hepatology 1996; 24: 289-93.

© 2011 The Japan Society of Hepatology



Original article

Antiviral Therapy 2011; 16:1073-1080 (doi: 10.3851/IMP1869)

Serum interleukin (IL)-10 and IL-12 levels and
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Background: Both /L28B gene polymorphisms and serum
levels of interleukin (IL)-10, IL-12p40 and IL-18 have
been reported to affect the outcome of natural and
pegylated interferon and ribavirin-treated HCV infection.
Methods: To clarify their association and predictive
value in treatment outcome of genotype 1 HCV-infected
patients, we measured pretreatment serum IL-10, IL-
12p40 and I1L-18 levels using multiplex assays and deter-
mined /L28B gene polymorphisms (rs 8099917) in 52
cases with chronic hepatitis C.

Results: High baseline levels of 1L-10 {P<0.001) and low
levels of IL-12p40 (P<0.001) were significantly associ-
ated with a non-virological response (NVR) in our cohort.
The /L28B polymorphism was tested and TI, TG or GG
genotypes were found in 60%, 38% and 2% of patients,

respectively, with corresponding NVR rates of 10%, 60%
and 100% (P<0.001). Serum cytokine levels were signifi-
cantly correlated with /L28B gene polymorphisms. When
serum IL-10 levels were stratified at 5.0 pg/ml, NVR rates
were 50% versus 0% (P=0.004) for the TT genotype and
87% versus 0% (P=0.001) for the TG or GG genotypes.
Similarly, low IL-12p40 levels were associated with an
NVR in patients with TG or GG genotypes (P=0.006). In
multivariate analysis, high IL-10, low IL-12p40 and /L28B
TG or GG genotypes were independently associated with
an NVR.

Conclusions: Serum IL-10 and IL-12p40 levels in combi-
nation with /L28B genotype, especially G-allele carriage,
are strong predictive markers of an NVR to HCV treatment
with pegylated interferon and ribavirin.

Introduction

Chronic HCV infection often develops into chronic
hepatitis leading to liver cirrhosis and/or hepatocel-
lular carcinoma [1-3]. The successful eradication of
HCYV, defined as a sustained virological response (SVR),
is therefore considered important. Despite recent
advances, however, approximately S0% of patients
with genotype 1 HCV infection do not achieve an SVR
by conventional pegylated interferon (PEG-IFN) and
ribavirin therapy [4,5].

It is considered beneficial to predict the response
of patients with genotype 1 HCV and high viral load
to PEG-IFN and ribavirin therapy before commence-
ment of treatment because therapy can be long, costly
and have many side effects. To date, many predictive
factors have been reported for treatment response.
Regarding viral factors, substitutions at core amino

©2011 International Medical Press 1359-6535 (print) 2040-2058 (online)

acids 70 and 91 [6] or the IFN sensitivity determin-
ing region (ISDR) have been reported [7]. Concern-
ing host factors, Ge et al. [8] recently identified single
nucleotide polymorphisms (SNPs) located 5' to the
IL28B gene that affect response to combination ther-
apy using a genome-wide association study. Similarly,
three other groups independently reported that these
SNPs are associated with the effectiveness of combina-
tion treatment [9-11]. Thomas et al. [12] also reported
that the same SNPs are associated with spontaneous
clearance of HCV.

Interleukin (IL)-28A, IL-28B and IL-29 gene prod-
ucts belong to the IFN-A family. These cytokines are
functionally considered to be IFNs, but have been
reported to be structurally related to the IL-10 fam-
ily, which include IL-10, IL-22 and IL-26, and the

1073
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Table 1. Demographic and clinical characteristics of patients with chronic hepatitis C

Characteristic All (n=52) VR (n=36) NVR (n=16) P-value
Age, years 58 (17-74) 57 (17-72) 60 (45-74) 0.781
Male, n (%) 24 (48) 18 (50) 6 (38) 0.404
Body mass index, kg/m? 23 (18-30) 24 (18-30) 22 (19-29) 0.115
White blood celi count, cells/ul 4,470 (1,980-7,890) 4,810 (1,980-7,890) 3,700 (2,270-5,180) 0.007
Haemoglobin, g/d! 14.7 (12-18) 15.0 (13-18) 14.1 (12-16) 0.094
Platelet count, 104l 17.5 (8-30) 17.9 (8-30) 16.7 (9-27) 0.420
ALT, U/ 75 (22-389) 68 (24-389) 91 (22-357) 0.663
AST, Ui 58 (20-288) 49 (20-218) 78 (25-288) 0.092
HCV RNA, 105 1U[mi 21 (1.1->50) 20 (1.1->50) 18 (2.9->50) 0.469
Core aa 70 {(Arg70/GIn70/ND), n 30/21/1 23/12/1 7/9/0 0.139
Core aa 91 (Leu91/Met91/ND), n 37/14/1 26/9/1 11/5/0 0.463
ISDR of NSSA (wildfmutant), n 44/8 29/7 15/1 0.218
rs8099917 allele (TT/TG(GG), n 31/20/1 28/8/0 ' 3/12/1 <0.001

Data are mean {range) unless indicated atherwise. aa, amino acid; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ISDR, interferon-sensitivity

determining region; NVR, non-virological response; VR, virological response.

IFN-A family. The ligand-binding chains for IL-22,
IL-26 and IFN-A are distinct from that used by
1L-10. However, all of these cytokines use a com-
mon second chain, IL-10 receptor-2, to assemble
their active receptor complexes. Thus, IL-10 recep-
tor-2 is a shared component in at least four distinct
class II cytokine-receptor complexes [13]. Although
IL-10 was originally described as a cytokine synthesis
inhibitory factor [14,15], recent studies have demon-
strated that IL-10 produced by Th17 cells restrains
the pathological effects of Th17 [16,17]. Further-
more, increased IL-10 levels are associated with a
high risk of inefficient HCV clearance and resistance
to IFN treatment [18-21]. Our recent study showed
that low serum IL-10 levels as well as high 1L-12p40
and IL-18 levels at baseline were independent predic-
tive factors for a SVR to combination therapy [22].
Therefore, in the present study, we investigated the
association between treatment outcome and the influ-
ence of IL28B genotype and serum cytokine levels in
combination therapy.

Methods

Subjects _

A total of 52 consecutive treatment-naive patients with
genotype 1 chronic hepatitis C were included in this
study. Diagnosis of chronic hepatitis C was based on
the following criteria as reported previously [23]: pres-
ence of serum HCV antibodies and detectable viral
RNA, absence of detectable hepatitis B surface antigen
and antibody to HIV and exclusion of other causes of
chronic liver disease. No patients had a history of or
developed decompensated cirrhosis or hepatocellular
carcinoma. The baseline characteristics of the patients
are shown in Table 1.

1074

Laboratory testing

Antibodies to HCV were measured in serum samples via
third-generation enzyme-linked immunosorbent assays
{EIA-3; Abbott Laboratories, North Chicago, IL, USA).
Serum levels of HCV RNA were determined using the
Cobas Amplicor assays (sensitivity 50 IU/ml; Roche
Diagnostic Systems, Tokyo, Japan). HCV genotypes
were determined using INNO-LiPA HCV II (Innogenet-
ics, Gent, Belgium). All patients in our test cohort were
infected with genotype 1b. Alanine aminotransferase,
aspartate aminotransferase and other relevant biochem-
ical tests were performed using standard methods [24].

Antiviral therapy and definition of treatment outcome
All patients received bodyweight-adjusted PEG-IFN-
a2b (Peglntron; Schering-Plough KK, Tokyo, Japan;
<435 kg, 60 pg/dose; 46-60 kg, 80 pg/dose; 61-75 kg,
100 pg/dose; 76-90 kg, 120 pg/dose; 291 kg, 150 pg/
dose), and ribavirin (Rebetol; Schering-Plough KX;
<60 kg, 600 mg/day; 61-80 kg, 800 mg/day; =81 kg,
1,000 mg/day) for 48 weeks.

The response to therapy categories were defined as
follows: an SVR was defined as undetectable serum’
HCV RNA 24 weeks after completing therapy. Relapse
was defined as a reappearance of serum HCV RNA
after treatment in patients whose HCV RNA level was
undetectable during or at the completion of therapy.
A non-virological response (NVR) was defined as a
decrease in HCV RNA of <2 log copies/ml at week 12
and detectable HCV RNA during the treatment course.

Detection of amino acid substitutions in the core and
NS5A regions

Core region and ISDR wer
sequencing after amplifi
and PCR as reporte

ne§ by direct
ranscription
mino acids at
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positions 70 and 91 of the core region identical to the
reference sequence HCV-] D90208 [25] were consid-
ered wild type [6]. The number of amino acid substitu-
tions in the ISDR was defined as in Enomoto et al. [7].

Detection of serum IL-10, [L-12p40 and IL-18

Serum IL-10, IL-12p40 and IL-18 were quantified using
Luminex® Multiplex Cytokine Kits (Procarta Cytokine
assay kit; Panomics Inc., Fremont, CA, USA) for serum
samples obtained before the start of treatment as
reported previously [22]. All collected samples were
immediately stored at -70°C prior to testing.

Genotyping of /L28B
Genomic DNA was isolated from the whole blood of
patients using QuickGene-800 (Fujifilm, Tokyo, Japan).
The concentration of genomic DNA was adjusted to
10-15 ng/ul for the TagMan SNP genotyping assay.
Genotyping of IL28B SNP (rs 8099917) was per-
formed with a TagMan $' exonuclease assay using
primers supplied by Applied Biosystems (Carlsbad, CA,
USA). Probe fluorescence signals were detected with a
TagMan assay for real-time PCR (7500 Real Time PCR
System; Applied Biosystems) according to the manufac-
turer’s instructions.

The protocol of this study was approved by the eth-
ics committee of Shinshu University School of Medicine
and all patients provided written informed consent.

Statistical analyses

The Mann~Whitney U test was used to analyse con-
tinuous variables. The y? test with Yate’s correction
was used for the analysis of categorical data. In cases
where the number of subjects was <3, Fisher’s exact
test was used. A P-value of <0.05 was considered sta-
tistically significant. To predict treatment outcome, we
analysed receiver operating characteristic (ROC) curves
for serum levels of IL-10, IL-12p40 and IL-18. Optimal
cutoff values were chosen as serum cytokine levels with
the highest diagnostic accuracy, that is, when the sum
of the false-negative and false-positive rates was mini-
mized. The respective overall diagnostic values were
expressed using the area under the curve (AUC). Mul-
tivariate analysis was performed using a logistic regres-
sion model with stepwise method. Statistical analyses
were performed using PASW Statistics 18.0] (IBM,
Tokyo, Japan).

Results

Treatment outcome in patients with chronic hepatitis C
Of the 52 patients receiving PEG-IFN and ribavirin
therapy, 22 (42%) achieved an SVR. Among the 30
remaining patients, 14 had a relapse and 16 had an
NVR. Before treatment, the median white blood cell
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Figure 1. Detection of serum cytokines related to treatment
outcome
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Boxes represent the IQR of the data, lines across the boxes indicate the median
values and the hash marks above and below the boxes indicate the 90th and
10th percentiles, respectively for each group. Open circles indicate outliers. Serum
interleukin (IL)-10, 1L-12p40 and IL-18 tevels were detected in 36 patients with a
virological response (VR) and 16 patients without. NVR, non-virological response.

count in the virological response group was signifi-
cantly higher than that in the NVR group (Table 1).
Haemoglobin value (15.4 versus 14.1 g/dl; P=0.021)
was significantly higher in the SVR group compared to
the NVR group as well. Substitutions in the ISDR and
of aa70 and aa91 in the core region were not associated
with treatment outcome.

Effects of antiviral therapy on serum cytokine levels
Serum samples obtained prior to antiviral therapy were
examined for the presence of IL-10, IL-12p40 and IL-18
by multiplex assays. NVR patients showed significantly
higher baseline IL-10 concentrations (8.1 pg/ml) than
virological responders (4.1 pg/ml; P<0.001; Figure 1).
The median baseline serum levels of IL-12p40 (22.1 ver-
sus 11.7 pg/ml; P<0.001) and IL-18 (24.8 versus 16.0
pg/ml; P=0.054) were higher in patients who achieved
a virological response than in those with an NVR (Fig-
ure 1). Furthermore, serum IL-10 level (4.0 versus 8.1
pg/ml; P<0.001) was significantly lower and serum IL-
12p40 (25.0 versus 11.7 pg/ml; P<0.001) and IL-18
(31.6 versus 16.0 pg/ml; P=0.010) levels were signifi-
cantly higher in the SVR group compared with the NVR
group. We also analysed whether pretreatment serum
cytokines were correlated with time to clearance of HCV
RNA. Serum baseline IL-10 level was significantly lower
in patients who eradicated HCV RNA 12 weeks after the
start of treatment (P=0.002).
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1L28B genotype and treatment outcome

Among the 52 patients studied for rs8099917, 31
had the TT genotype (60%), 20 had the TG genotype
(38%) and 1 had the GG genotype (2%). Responses
to combination therapy for rs8099917 are shown in
Table 1. Overall SVR rates in patients with the TT gen-
otype (16/31, 53%) and with the TG or GG genotypes
(6/21, 29%) were not significantly different (P=0.09).

Figure 2. Serum cytokines related to /L28B gene polymorphisms
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Serum interleukin {IL)-10, IL-12p40 and IL-18 were detected in 31 patients with
the TT /L28B genotype and 16 patients with the TG or GG genotypes. (B) The
prevalence of high serum IL-10, IL-12p40 and IL-18 levels in 31 patients with
the TT /L28B genotype and in 16 patients with the TG or GG genotypes.
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However, NVR rates in patients with either TG or GG
(13/21, 62%) were significantly higher than in those
with TT only (3/31, 10%; P<0.001).

Association of /L28B genotype and serum cytokine
levels

Median serum IL-10 levels were significantly higher
in patients with the TG or GG genotypes (7.7 pg/ml)
compared to those with TT (4.1 pg/ml; P=0.010; Fig-
ure 2A). Conversely, patients with TT had significantly
higher median IL-12p40 (20.6 versus 14.5 pg/ml;
P=0.006) and IL-18 (27.9 versus 16.6 pg/ml; P=0.005)
levels than patients with TG or GG (Figure 2A).

ROC curve analyses were performed to determine
the optimal threshold values of serum cytokines for
predicting treatment outcome among the 16 NVR
patients and 36 cases with a virological response in our
cohort (Figure 3). The optimal threshold value of IL-10
was identical to the 5.0 pg/ml that we had reported in
a prior study [22]. The cutoff values for IL-12p40 and
IL-18 were 12.1 pg/ml and 6.4 pg/ml, respectively. The
calculated AUC for IL-10, IL-12p40 and IL-18 was
0.89 (95% CI 0.77-0.96), 0.81 (95% CI 0.67-0.90)
and 0.67 (95% CI 0.52-0.79), respectively, as shown
in Figure 3.

The presence of high IL-10 levels (25.0 pg/ml) was
significantly greater among patients with TG or GG
genotypes (71%, 15 of 21) than among those with TT
(19%, 6 of 31; P<0.001; Figure 2B). High IL-12p40
levels (212.1 pg/ml) were significantly less prevalent
(P=0.018) among patients with TG or GG (62%, 13
of 21) than among those with TT (90%, 28 of 31).
High I1-18 levels (26.5 pg/ml) were found in 100% (31
of 31) of patients with TT but only 76% (16 of 21)
patients with TG or GG (P=0.008).

Predicting treatment outcome by serum cytokine
levels in combination with /L28B genotype

The NVR prediction rate by serum IL-10 in combination
with rs8099917 genotype is shown in Figure 4. In patients
with TT, a significantly higher proportion of patients with
high serum IL-10 levels (50%, 3 of 6) showed an NVR
than patients with low IL-10 (0%, O of 25; P=0.004).
Similarly, an NVR was significantly more likely in high
versus low IL-10 levels (87%, 13 of 15 versus 0%, 0 of 6;
P=0.001) in patients with TG or GG (Figure 4A).

NVR rates by serum IL-12p40 levels and IL-18 levels
in combination with rs8099917 genotype are shown in
Figure 4B and 4C. Among patients with the TT geno-
type, the NVR rate did not differ between low and high
IL-12p40 levels (0% versus 11%; P=0.729) or IL-18
levels (0% versus 10%). In cases with TG or GG geno-
types, the NVR rate was significantly higher for low
1L-12p40 levels compared with high IL-12p40 levels
(100% versus 38%; P=0.006). Patients with low serum
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IL.-18 had a higher N'VR rate, but this difference was not
statistically significant (100% versus 50%; P=0.063).

Factors associated with an NVR to PEG-IFN and
ribavirin therapy

All factors found to be associated with an NVR were
evaluated for independence in multivariate analysis.
Genotype TG or GG (OR 10.43, 95% CI 1.73-62.96;
P=0.011), serum IL-10 levels 5.0 pg/ml (OR 1.21,
95% Cl 1.03-1.41; P=0.018) and IL-12p40 levels
>17.4 mg/dl (OR 0.84, 95% CI 0.72-0.97; P=0.020)
were all independent predictive factors of an NVR.

Discussion

This study examined the IL28B (rs8099917) genotype
and serum levels of IL-10, 1L-12p40 and IL-18 in
patients with chronic hepatitis C to assess their predic-
tive value in treatment outcome with PEG-IFN and rib-
avirin. The key findings were as follows: IL28B G-allele
carriers were associated with an NVR to PEG-IFN and
ribavirin therapy in patients infected with HCV geno-
type 1, consistent with recent findings; IL28B genotype
was associated with baseline serum IL-10, IL-12p40
and IL-18 levels; in carriers of an IL28B G-allele,
NVR rates were high (80-100%) and associated with
increased IL-10 and decreased IL-12p40 and IL-18 lev-
els, thus providing new predictive markers of an NVR
in PEG-IFN and ribavirin therapy; and IL28B geno-
type, high serum IL-10 levels, and low serum IL-12p40
levels were all independent factors related to an NVR
in multivariate analyses.

IL28B gene polymorphisms have recently been linked
to the outcome of HCV infection during spontaneous
and treatment-induced elimination of HCV [8-10,12].
In particular, carriage of a G-allele at the IL28B gene
SNP (rs8099917) is associated with an NVR to PEG-
IFN and ribavirin therapy in Japanese patients infected
with HCV genotype 1 [10]. This finding was confirmed
in our cohort with NVR rates of 62% with GT or GG
genotypes versus 10% with TT genotypes (P<0.001).
Therefore, detection of the IL28B genotype is a useful
marker to predict the outcome of PEG-IFN and ribavi-
rin therapy in patients with chronic hepatitis C. Data
for IL28B SNP in healthy subjects were not available
for this study.

IFN-A produces an antiviral state by triggering a
cascade through the JAK-STAT pathway that up-reg-
ulates IFN-stimulated genes. IL28B binds to a distinct
receptor that may up-regulate a different set of IFN-
stimulated genes [26,27]; the precise role of IFN-A
in controlling multiple viral infections, including
HCV, is currently under way. Further studies are also
needed on how SNPs affect the function of IL28B and
other cytokines.
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Figure 3. Receiver-operating characteristic curves for serum
cytokine levels on treatment outcome
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Figure 4. Non-virological response rate determined by serum cytokine levels and /L28B gene genotype
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A strong association between high IL-10, low IL-
12p40 and low IL-18 levels and an NVR to PEG-IFN
and ribavirin therapy was found in this study, which is
consistent with previous studies [22,28-30]. In ROC
curve analyses, AUCs were high, especially for IL-10
(AUC=0.89) and IL-12p40 (AUC=0.81), confirming
that these cytokines are strong predictive markers
for an NVR. This study showed a strong correlation
between the IL28B genotype and serum IL-10, IL-
12p40 and IL-18 levels at baseline. Most strikingly,
all patients who had low pretreatment IL-10 levels
achieved a virological response regardless of IL28B
genotype. By contrast, among patients with high IL-10
levels (25.0 pg/ml), NVR rates were 87% in IL28B
G-allele carriers and 50% for the IL28B TT genotype.
Additionally, all IL28B G-allele carriers showed an
NVR when pretreatment serum IL-12p40 and IL-18
levels were <12.1 pg/ml and <6.5 pg/ml, respectively.
It is unclear how serum IL-10, IL-12p40 and IL-18
are associated with an NVR to antiviral therapy in
patients with chronic hepatitis C. Although IL-10
was originally described as a cytokine synthesis
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inhibitory factor, recent studies have demonstrated
that IL-10 produced by Th17 cells restrains the patho-
logical effects of Th17 [31]. Production of IL-12p40
is directed towards the elimination of intracellular
pathogens and viruses because IL-12p40 is a proin-
flammatory cytokine that promotes the differentiation
of Th1 cells, suppresses Th2 function and amplifies the
cytotoxicity of cytotoxic T-lymphocytes and natural
killer cells [32]. Megjugorac et al. [33] reported that
IL-29-treated plasmacytoid dendritic cells inhibiting
production of IL-13, IFN-y and IL-10 by allogeneic
T-cells were consistent with a role for this cytokine
in plasmacytoid dendritic cell maturation and acti-
vation. Very recently, another report has been pub-
lished demonstrating that IL-29 enhances IL-12p40
by macrophages and that IL-29 pretreatment primes
the activation of macrophages induced by IFN-y [34].
However, the association between IL-28B and such
cytokines has not been studied. To explain this rela-
tionship, further studies are needed to clarify whether
a direct or indirect interaction exists between pretreat-
ment levels of these cytokines and IL28B genotype.
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Although other predictive factors of PEG-IFN and
ribavirin therapy have been reported, including core
amino acid 70 and 91 and ISDR mutations [6,7], no
such significant associations were found here, possibly
because of our study population size, which indicates
that other factors may be more significant in predict-
ing treatment outcome. However, multivariate analy-
sis confirmed that IL28B G-allele, high IL-10 and low
IL-12p40 levels were significant predictors of an NVR
in patients with PEG-IFN and ribavirin therapy in this
study. Hence, IL28B G-allele carriers combined with
high IL-10 and/or low IL-12 may require alteration of
treatment dose, duration, or regimen with a new anti-
viral drug.

In conclusion, serum IL-10, IL-12p40 and IL-18 lev-
els are associated with IL28B genotype in patients with
genotype 1 chronic hepatitis C. Pretreatment serum
IL-10 and IL-12p40 levels with IL28B GT or GG geno-
types are particularly useful for predicting an NVR to
PEG-IFN and ribavirin therapy. The clinical significance
of IL28B genotyping combined with baseline serum
1L-10 and IL-12p40 levels to predict an NVR warrants
further prospective validation.
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