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Effects of branched-chain amino acid granules on serum
albumin level and prognosis are dependent on treatment
adherence in patients with liver cirrhosis
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Aim: To test if the treatment adherence to branched-chain
amino acid (BCAA) granules influences the serum albumin
level and prognosis in prospective 2984 patients with decom-
pensated liver cirrhosis who were prescribed BCAA granules
containing 952 mg of L-isoleucine, 1904 mg of L-leucine and
1144 mg of L-valine at 4.15 g/sachet three times a day after
meals.

Methods: The primary end-point was the time to the event
defined as “hospital admission due to progression of hepatic
failure”, and factors affecting this outcome were explored.
Changes in serum albumin level were evaluated as the sec-
ondary end-point.

Results: Patients were divided into the good adherence
group {those who reported to have taken “nearly all” pre-
scribed doses) and the poor adherence group {those who
reported to have taken “approximately half” or “less” doses),
because such stratification was validated by treatment

responses in plasma BCAA/tyrosine ratio. Factors related to
the primary end-point were age, drug adherence during 6
months of study treatment, previous hepatic cancer, current
clinical manifestations, previous clinical manifestations, base-
line serum albumin level, platelet count and total bilirubin
level. The cumulative event-free survival was significantly
higher in the good adherence group. Increase in the serum
albumin level was also greater in the good adherence group.

Conclusion: Higher BCAA treatment adherence better
raised the serum albumin level, leading to improvement of
event-free survival. These results indicate the importance of
patient instruction for the adequate use of BCAA granules.

Key words: branched-chain amino acids, hepatic failure,
liver cirrhosis, prognosis, serum albumin, treatment
adherence

INTRODUCTION

LTHOUGH LIVER CIRRHOSIS is caused by any of a
wide variety of etiologies,’ clinical features of the
disease share complications such as ascites, edema,
hepatic encephalopathy and esophageal varices.> Some
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of these complications are attributable to decreased
serum concentrations of albumin and other proteins,®
and oral supplemental branched-chain amino acid
(BCAA) therapy with BCAA granules or BCAA-enriched
nutrients is recommended, in addition to dietary treat-
ment with adequate protein and energy intake, for the
management of these complications.®®

Branched-chain amino acid granules are used for
the improvement of hypoalbuminemia in patients with
decompensated liver cirrhosis,**-'' and several studies
have demonstrated their efficacy in reducing complica-
tions of liver cirrhosis.*'*'* Furthermore, a reduction in
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the risk of hepatic cancer is also reported in patients
taking BCAA granules.'>'5-"7

On the other hand, the patients’ treatment adherence
was not so favorable owing to the size of individual
doses and unpleasant taste, causing interruption of
treatment” or reduction of doses.* Although serum
albumin level has been shown to improve in a dose-
dependent manner based on the prescribed BCAA
doses,'® no studies have investigated exactly how treat-
ment adherence may influence the serum albumin level
and prognosis of patients with liver cirthosis.

We conducted the present analysis to evaluate how
treatment adherence may affect the serum albumin level
and prognosis in a prospective cohort of 5042 patients
with liver cirrhosis who had started BCAA treatment at a
fixed dose of three sachets/day in a preceding study.'®

METHODS

Study design and protocol

HIS WAS A multicenter prospective observational

study to determine the incidence of adverse events,
including hepatocellular carcinoma (HCC) and
cirrhosis-related events, under the actual condition of
treatment in patients with decompensated liver cirrhosis
who were prescribed BCAA granules between June 2003
and December 2006, and were further followed up
thereafter.

A total of 5042 patients with decompensated liver
cirthosis, who presented hypoalbuminemia despite
adequate dietary intake, were enrolled in this study at
929 medical institutions in Japan. These patients were
p.o. administrated BCAA granules containing 952 mg
of L-isoleucine, 1904 mg of L-leucine and 1144 mg of
L-valine (Livact Granules, Ajinomoto Pharmaceutical,
Tokyo, Japan) at 4.15 g/sachet three times a day after
meals.

Patient flow is shown in Figure 1. Of the 5042
patients enrolled, the medical records were not available
for 222 patients, and 123 patients were lost to follow up
after the initial hospital visit. Thus, the remaining 4697
patients constituted the prospective cohort. Patients
meeting any of the following criteria were then
excluded, and the remaining 2984 patients were sub-
jected to the analysis: (i) a baseline serum albumin level
higher than 3.5 g/dL; (ii) a baseline serum total biliru-
bin level of 3.0 mg/dL or higher; (iii) unknown duration
of study observation; (iv) baseline dosage of prescribed
BCAA granules other than three sachets/day; or (v)
unknown BCAA treatment adherence for 6 months after
the start of study observation.
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Number of patients

at entry
(N=5042)
Medical records not available (N=222)
Lost to follow-up (N=123)
Analysis cohort
(N=4697)
Excluded (N=1713*) due to
- Baseline serum albumin > 3.5g/dL
(N=673)
- Baseline total bilirubin = 3.0mg/dL
(N=497)
- Unknown duration of study
observation (N=53)
Adherence/efficacy - Prescribed BCAA dosage other than

analysis (N=2984) 3 sachets/day (N=286)

- Unknown treatment adherence in the
first 6 months (N=466)

Good Poor
adherence adherence
(N=2545) (N=439)

Figure 1 Patient flow. *Among the 1713 patients, 262 were
excluded by meeting two or more conditions of the exclusion
criteria. BCAA, branched-chain amino acid.

The patients’ treatment adherence was evaluated by
a questionnaire analysis at the end of the 6-month
surveillance period. The questionnaire provided three
answer arms who took “nearly all”, “approximately
half” and “less” of the prescribed dose of BCAA granules
at three sachets/day. Each patient was instructed to
select one of the above three answer arms that best
reflected his/her drug adherence status in the preceding
study period.

The primary end-point was the time to onset of the
event, defined as hospital admission due to progression
of hepatic failure, including ascites, edema, jaundice
and hepatic encephalopathy. Changes in liver function
during the 6 months were evaluated as the secondary
end-point.

This study was conducted in accordance with the Japa-
nese Good Post-Marketing Surveillance Practice.

Statistical analysis

Continuous data were expressed as mean * standard
deviation, and differences in mean values were statisti-
cally tested using paired or unpaired Student’s t-test as
appropriate. Categorical variables were compared by
Wilcoxon signed rank test, Wilcoxon rank sum test or
x>-test as required. The cumulative event-free survival
rates were estimated using the Kaplan-Meier method
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and compared by log-rank test. Any risk factors contrib-
uting to the primary end-point were investigated by
univariate and multivariate analyses using a Cox pro-
portional hazards model. Data analysis was performed
using JMP ver. 9.02 and SAS ver. 9.2 (both SAS Institute,
Cary, NC, USA). The level of significance was assessed as
two-sided P < 0.05.

RESULTS

Patients’ characteristics and flow

F THE PROSPECTIVE cohort consisting of 4697

patients, 1713 were excluded by meeting the
exclusion criteria (Fig. 1). Among them, 673 patients
had a baseline serum albumin level higher than 3.5 g/
dL, 497 patients had a baseline serum total bilirubin
level of 3.0 mg/dL or higher, 53 patients had an
unknown duration of study observation, 286 patients
were prescribed BCAA granules of a dosage other than
three sachets/day, and 466 patients reported unknown
treatment adherence during the 6 months of study
observation. Two hundred and sixty-two patients were
excluded by fulfilling two or more conditions of the
exclusion criteria. Thus, the remaining 2984 patients
were subjected to the adherence/efficacy analysis
(Fig. 1). Clinical characteristics of these patients are
shown in Table 1. The observation period ranged 6.0~
47.9 months, with a median of 21.6 months.

Risk factors for the primary end-point

For the primary end-point, univariate and multivariate
analyses using a Cox proportional hazards model iden-
tified the following independent factors to influence the
development of the event: age, treatment adherence for
the 6 months of study observation, previous hepatic
cancer, current clinical manifestations, previous clinical
manifestations, baseline serum albumin level, platelet
count and serum total bilirubin level (Table 2).

Treatment adherence and plasma BCAA/
tyrosine ratio

All these variables except treatment adherence have
already been documented as risk factors in patients with
liver cirrhosis.”? Taking notice of treatment adherence,
therefore, 2545 patients who reported to have taken
“nearly all” the prescribed doses during the 6-month
period comprised the good adherence group and 439
patients who reported to have taken “approximately
half” or “less” of the prescribed doses during that period
comprised the poor adherence group for further analysis.

Effects of BCAA and treatment adherence 3

Table 1 Clinical characteristics of patients

Characteristics n=2984
Sex Male 1584 (53.1%)
Fernale 1400 (46.9%)
Age (years) 20-29 1 (0.0%)
30-39 24 (0.8%)
40-49 165 (5.5%)
50-59 530 (17.8%)
60-69 1038 (34.8%)
70-79 1024 (34.3%)
80-89 195 (6.5%)
>90 7 (0.2%)
Mean £ SD 66.1£10.1
Cause of liver HBV 217 (7.3%)
cirrhosis HCV 1755 (58.8%)
Alcohol 487 (16.3%)
PBC 74 (2.5%)
ATH 63 (2.1%)
HBV + HCV 16 (0.5%)
HBV + alcchol 29 (1.0%)
HCV + alcohol 92 (3.1%)
HBV + HCV + alcohol 2 (0.1%)
Other 57 (1.9%)
Unknown 192 (6.4%)
Treatment All 2545 (85.3%)
adherence (during Half or less 439 (14.7%)
6 months)
Previous hepatic Yes 504 {16.9%)
cancer No 2454 (82.2%)
Unknown 26 (0.9%)
Current clinical Yes 1568 (52.6%)
manifestations No 1410 (47.3%)
Unknown 6 (0.2%)
Previous clinical Yes 1291 (43.3%)
manifestations No 1670 (56.0%)
Unknown 23 (0.8%)
Diabetes Yes 536 (18.0%)
No 2448 (82.0%)

Serum albumin

(g/dL)

Platelet (x10 000/
L)

AST (IU/L)

ALT (IU/L)

Serum total
bilirubin {(mg/dL)

BTR

3.04+0.36
9.73+6.15
67.1+62.8
47.8 £40.9
1.30£0.62

2.95+1.37

For categorical variables, the number of patients and percentage
are shown. For continuous variables, the mean * SD is presented.
AIH, autoimmune hepatitis; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; BTR, branched-chain amino acid/
tyrosine ratio; HBV, hepatitis B virus; HCV, hepatitis C virus; PBC,

primary biliary cirrhosis; SD, standard deviation.

© 2012 The Japan Society of Hepatology

— 376 —



— LLE —

A8oto1eday] jo APpos uede( 24, 7107 @

Table 2 Risk factors for the event

Explanatory variable Univariate Multivariate
Hazard P-value 95% CI Hazard P-value 95% CI
ratio ratio
Lower Upper Lower Upper
limit limit limit limit
Sex Male/female 1.18 0.0625 0.99 1.40 1.18 0.0685 0.99 1.42
Age (years) 1.01 0.0190 1.00 1.02 1.02 <0.0001 1.01 1.03
Cause of liver cirrhosis HBV (yes/no) 1.01 0.9673 0.74 1.34
HCV (yes/no) 0.86 0.0928 0.72 1.03
Alcohol (yes/no) 1.16 0.1775 0.93 1.42
Treatment adherence Half or less/all 1.74 <0.0001 1.39 2.15 1.94 <0.0001 1.54 2.42
(during 6 months)
Previous hepatic cancer Yes/no 1.53 <0.0001 1.25 1.86 1.76 <0.0001 1.42 2.16
Current clinical manifestations Yes/no 2.21 <0.0001 1.84 2.65 1.66 <0.0001 1.36 2.04
Previous clinical manifestations Yes/no 1.88 <0.0001 1.59 2.24 1.45 <0.0001 1.20 1.74
Diabetes Yes/no 1.24 0.0488 1.00 1.52
Serum albumin (g/dL) Lower level 2.51 <0.0001 2.02 3.10 2.00 <0.0001 1.57 2.54
Platelet (x10 000/uL) Lower level 1.04 <0.0001 1.02 1.06 1.03 0.0010 1.01 1.05
AST (TU/L) Higher level 1.00 0.8840 1.00 1.00
ALT (IU/L) Higher level 1.00 0.0156 0.99 1.00
Serum total bilirubin (mg/dL) Higher level 1.68 <0.0001 1.47 1.92 1.49 <0.0001 1.29 1.72
BTR Lower level 1.22 0.0839 0.98 1.59

Univariate and multivariate analyses were performed using a Cox proportional hazards model, and hazard ratios, P-values and 95% CI of the hazard ratios are shown. For
the multivariate analysis, variables were selected and determined by backwards selection (P = 0.2) using a model incorporating all factors except BTR. BTR was excluded

from the multivariate analysis because a considerable proportion of patients lacked BTR data.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BTR, branched-chain amino acid/tyrosine ratio; CI, confidence interval; HBV, hepatitis B virus; HCV,

hepatitis C virus.
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As treatment adherence was judged based on patients’
self-reports, we further attempted to validate the treat-
ment adherence by changes in the BCAA/tyrosine ratio
(BTR) as an indicator reflecting true BCAA treatment
adherence. Although the number of patients with BTR
data was limited (n=185 and 19, respectively), both
absolute BTR and relative increase in BTR (increase in
BTR/baseline BTR) were higher in the good adherence
group (absolute BTR, 4.26 £ 0.65 for the good adher-
ence group and 3.79 +£0.52 for the poor adherence
group; and relative increase in BTR, 0.53 £ 0.8 for the
good adherence group and 0.30+0.68 for the poor
adherence group; P < 0.1 for both) at 6 months of treat-
ment, while there was no significant difference in
baseline BTR between the two groups (2.94 £ 0.49 and
2.86 £ 0.46). A comparison between the two groups was
thus considered to be feasible.

Treatment adherence and

event-free survival

Regarding the primary end-point, Kaplan-Meier analy-
sis and log-rank test showed a significantly higher
cumulative event-free survival rate for the good adher-
ence group as compared with the poor adherence group
(Fig. 2).

1.0

0.8+

0.6
0.4

0.2+ Log-rank test: p<0.0001

HR:1.94 (p<0.0001)

0.0 e ey
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Days

Q 200 | 400 | 600 | 800 | 1000 | 1200 | 1400
2
0

Cumulative event-free survival

Good adherence| 2545 | 2201 | 1856 | 1545 | 981 345 1 30
Poor adherence | 439 | 301 | 231 182 § 100 32 4

Figure 2 Comparison of cumulative event-free survival rate by
treatment adherence status. Cumulative event-free survival
rates were estimated for the good adherence and poor adher-
ence groups using the Kaplan-Meier method, and are shown
along with the number of patients at risk. Two curves
were compared by log-rank test, and hazard ratio (HR) was
calculated by Cox proportional hazards model. (—) Good
adherence; () poor adherence.
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Figure 3 Comparison of serum albumin levels by treatment
adherence status. Columns and bars indicate mean and
standard deviation of serum albumin levels obtained at base-
line and at 6 months of study treatment, respectively. Statis-
tical assessment within each adherence group was carried
out by paired Student’s t-test. For differences between the
groups at baseline and at 6 months, Student’s t-test was con-
ducted. ([1) Poor adherence (n=366); (B) good adherence
(n=2378).

Treatment adherence and
blood biochemistry

Changes in liver function-related parameters during
6 months of the study treatment were examined for
each of the good adherence and poor adherence groups.
No significant difference was noted in platelet count,
aspartate aminotransferase or alanine aminotransferase
(ALT) between these groups. At 6 months of study treat-
ment, serum total bilirubin level significantly increased
in the poor adherence group but not in the good adher-
ence group. Serum albumin level rose significantly in
both of these groups at 6 months of study treatment,
and the increase was significantly greater for the good
adherence group (Fig. 3).

Comparison of clinical characteristics
between good adherence group and poor
adherence group

Baseline clinical characteristics were compared between
the good adherence group and poor adherence group as
shown in Table 3. Patients of the poor adherence group
showed a significantly younger age, lower proportion of
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Table 3 Clinical characteristics of patients by adherence status

Hepatology Research 2012

Characteristics Good adherence, Poor adherence, P-value
n=2545 n=439
Sex Male 1334 (52.4%) 250 (56.9%) P=0.0789
Female 1211 (47.6%) 189 (43.1%)
Age (years) 20-29 1 {0.0%) 0 (0.0%)
30-39 16 (0.6%) 8 (1.8%)
40-49 135 (5.3%) 30 (6.8%)
50-59 445 (17.5%) 85 (19.4%)
60-69 894 (35.1%) 144 (32.8%)
70-79 888 (34.9%) 136 (31.0%)
80-89 161 (6.3%) 34 (7.7%)
>90 5 (0.2%) 2 (0.5%)
Mean = 8D 66.3+9.9 65.2%£11.1 P=0.0344
Cause of liver cirrhosis HBV 184 (7.2%) 33 (7.5%) P=0.0111
HCV 1539 (60.5%) 216 (49.2%)
Alcohol 393 (15.4%) 94 (21.4%)
PBC 59 (2.3%) 15 (3.4%)
AIH 52 (2.0%) 11 (2.5%)
HBV + HCV 13 (0.5%) 3 (0.7%)
HBV + alcohol 23 (0.9%) 6 (1.4%)
HCV + alcohol 77 (3.0%) 15 (3.4%)
HBV + HCV + alcohol 2 (0.1%) 0 (0.0%)
Other 46 (1.8%) 11 (2.5%)
Unknown 157 (6.2%) 35 (8.0%)
Previous hepatic cancer Yes 448 (17.6%) 56 (12.8%) P=0.0110
No 2078 (81.7%) 376 (85.6%)
Unknown 19 (0.7%) 7 (1.6%)
Current clinical manifestations Yes 1321 (51.9%) 247 (56.3%) P=0.1545
No 1218 (47.9%) 192 (43.7%)
Unknown 6 (0.2%) 0 (0.0%)
Previous clinical manifestations Yes 1094 (43.0%) 197 (44.9%) P=0.6969
No 1432 (56.3%) 238 (54.2%)
Unknown 19 (0.7%) 4 (0.9%)
Diabetes Yes 457 (18.0%) 79 (18.0%) P=0.9844
No 2088 (82.0%) 360 (82.0%)
Serum albumin (g/dL) 3.04 £0.36 3.01£035 P=0.1519
Platelet (x10 000/uL) 9.56+5.85 10.76 £7.63 P =0.0002
AST (IU/L) 67.2+66.1 66.2+38.1 P=0.7578
ALT (JU/L) 48.4+42.7 442 +£287 P=0.0518
Serum total bilirubin (mg/dL) 1.29+0.61 1.33£0.66 P=0.2430
BTR 2.98+1.42 2.82+£1.07 P =0.4400

For categorical variables, the number of patients and percentage are shown. For continuous variables, the mean + SD is presented.

Statistical analysis was conducted by y*-test or by Student’s t-test.

AIH, autoimmune hepatitis; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BTR, branched-chain amino acid/tyrosine
ratio; HBV, hepatitis B virus; HCV, hepatitis C virus; PBC, primary biliary cirrhosis; SD, standard deviation.

hepatitis C virus positivity and higher proportion of
alcoholic cirrhosis, lower incidence of previous hepatic
cancer, and higher platelet count (Table 3). Also, they
tended to be male patients with lower serum ALT

activity (Table 3).
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HE LOTUS STUDY demonstrated that the outcome
of patients with advanced liver cirrhosis was

improved by the treatment with BCAA granules at three
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sachets/day, compared with the dietary treatment.* As
utilized in that study, the recommended dosage of
BCAA granules is one sachet three times a day p.o. after
meals; however, some patients may not take all three
sachets in a day due to problems such as treatment
adherence. We therefore conducted the present prospec-
tive cohort study to examine how differences in the
actual intake of BCAA granules may influence the prog-
nosis of patients with liver cirrhosis.

Assessment of clinical characteristics of the patients
included in the present study indicated that these
patients shared average clinical features of liver cirthosis
in Japanese patients such as accountable etiologies.!
Logistic analysis revealed that none of these causes
was an independent risk factor for patients’ outcome.
Indeed, the prognosis of patients with liver cirrhosis
was determined by eight factors including treatment
adherence, regardless of the cause of liver cirrhosis
(Table 2).

We focused on the treatment adherence among the
eight independent risk factors in the present study,
because the clinical significance of the other seven
factors has already been described.'”?® For this concern,
patients were divided into the good adherence group
(those who reported to have taken “nearly all” pre-
scribed doses) and the poor adherence group (those
who reported to have taken “approximately half” or
“less” doses), because such stratification was validated
by treatment responses in plasma BCAA/tyrosine ratio.
Actually, 85.3% of patients reported to have taken
“nearly all” three sachets of BCAA granules/day as pre-
scribed. This result was comparable to the 86% adher-
ence in the patients of the LOTUS study.* In the present
study, treatment adherence was monitored longer after
the first 6 months continuously, and remained similar:
81.1% for 7-12 months, 80.6% for 13-18 months and
79.7% for 19-24 months. These data indicate that treat-
ment adherence observed for the first 6-month period
was kept over longer treatment periods and, therefore,
suggest that it is reasonable to monitor the treatment
adherence of the first 6-month period for the long-term
prognosis.

Improvement of hypoalbuminemia was reported to
depend on the prescribed daily BCAA doses (8, 12 or
16 g),'° but the present study first showed that, at the
fixed prescribed dose (three sachets or 12 g/day), serum
albumin level rose sufficiently only when the patient
had good adherence (Fig.3). Thus, good treatment
adherence resulted in an improved serum albumin
level (Fig.3), and, consequently brought about a
higher event-free survival (Fig. 2}, as a decreased serum

Effects of BCAA and treatment adherence 7

albumin level was also an independent risk factor for
the patients (Table 2).

As to possible clinical factors that affect patients’
BCAA adherence, we detected male sex, younger age,
distribution of etiologies of liver cirrhosis, lower inci-
dence of previous hepatic cancer, higher platelet count
and lower serum ALT activities in the poor adherence
group (Table 3). Among these factors, only male sex was
also a possible unfavorable outcome marker (Table 2),
but other factors were rather favorable or had no signifi-
cance (e.g. cause of liver cirthosis) for patients’ outcome
(Table 2). Such observation suggests that particular
caution should be paid for drug adherence in male
cirrhotics.

The limitation of such studies on advanced liver
cirthosis is the possibility that earlier development of
events shortly after the start of the study influenced
treatment adherence. To address this concern, we addi-
tionally performed analysis after excluding the patients
who developed any event within 6 months of the study,
and the cumulative event-free survival rate was still sig-
nificantly higher for the good adherence group than that
for the poor adherence group (hazard ratio=1.57,
P =0.0043), as was the case with the analysis on the
whole analysis set.

In conclusion, higher treatment adherence for BCAA
is considered to be associated with an improved serum
albumin level, thereby leading to improved patient
outcome. These results indicate the importance of
patient instruction for the adequate use of BCAA
granules.
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Abstract Hepatitis C virus (HCV) RNA values measured
with two real-time PCR methods (Cobas Ampliprep/Cobas
TagMan, CAP/CTM, and the Abbott real-time PCR test,
ART) vary among patients with genotype 1. We investi-
gated HCV RNA values measured by two real-time PCR
assays during pegylated interferon plus ribavirin (PEG-
IFN/RBV) therapy. We evaluated 185 cases of chronic
hepatitis C patients, among which 97 patients received the
PEG-IFN/RBV therapy. HCV RNA values of CAP/CTM
for genotype 1 were significantly higher than those of ART
(p < 0.03) The difference in HCV RNA values (CAP/CTM
minus ART) of genotype 1 was significantly higher than
those in genotype 2 (p < 0.0001). The positive rate (>0) of
the difference of HCV RNA values in genotype 1 was
100 % (55/55), which was significantly higher than the
78.6 % (33/42) of genotype 2 (p < 0.001). There was no
difference between TT and TG/GG genotype groups in
terms of difference of HCV RNA values (CAP/CTM minus
ART). After PEG-IPN/RBV therapy was administered,
reduction of HCV measurements was observed from day 1
for both assays regardless of genotype. The HCV value of
CAP/CTM during PEG-IFN/RBV therapy was consistently
higher than the value of ART, although the difference in
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these two values gradually became smaller during the
course of therapy, and eventually no significant difference
was observed near the detection level. No correlation was
observed between the sustained virological response (SVR)
rate and the difference between the CAP/CTM HCYV values
and the ART HCV value before treatment.

Keywords Abbott real-time PCR test - Cobas Ampliprep/
Cobas TaqMan - Hepatitis C virus - Genotype - PEG-IFN
plus ribavirin therapy - Real-time RT-PCR assay

Introduction

Approximately 80 % of patients infected by hepatitis C
viras (HCV) develop chronic hepatitis [1, 2]. Currently,
there are more than 100 million HCV carriers worldwide.
Chronic hepatitis C could gradually progress to cirrhosis
and liver cancer. The first treatment option for chronic
hepatitis C is the pegylated interferon plus ribavirin (PEG-
IFN/RBV) combination therapy [3, 4]. Several virological
predictive factors for sustained virological response (SVR)
of PEG-IFN/RBV combination therapy are HCV genotype,
baseline viral loads, and early virological response [5-7].
The SVR rate of PEG-IFN/RBV therapy is approximately
50 % for genotype 1 and 80 % for genotype 2. HCV RNA
monitoring early in PEG-IFN/RBYV therapy is an important
predictive factor for SVR for either genotype 1 or genotype
2 [8, 9]. Detection of HCV RNA during PEG-IFN/RBV
therapy is important in determining the length of IFN
treatment [10]. Currently, Cobas Ampliprep/Cobas Tag-
Man (CAP/CTM) and Abbott real-time PCR test (ART) are
used for HCV RNA measurement. The HCV RNA value in
genotype 1 measured by CAP/CTM assay was significantly
higher than values by ART assay [11]. The HCV RNA
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value in genotype 1 was measured by two real-time poly-
merase chain reaction (PCR) methods in this study to
investigate whether there is a significant difference in HCV
RNA values daring PEG-IFN/RBV therapy.

Materials and methods

Of patients with chronic hepatitis C who visited Shin-
Kokura hospital from April 2009 to December 2010, 185
were enrolled in this study. Of these 185 patients, 92
subjects were male and 93 were female, 96 subjects were
60 years old or older, and 89 were younger than 60 years
old. The study protocol was in compliance with the Good
Clinical Practice Guidelines and the 1975 Declaration of
Helsinki and was approved by the Institutional Review
Board. Each patient gave informed consent before par-
ticipating in this trial. Of the 185 subjects in the study,
97 patients received the PEG-IFNa-2b plus ribavirin
combination therapy: 55 patients had genotype 1, and 42
patients had genotype 2. PEG-IFNa-2Zb (PEG-Intron;
MSD, Tokyo, Japan) was injected subcutaneously at a
median dose 1.5 pg/kg (range, 1.3-1.5 png/kg) once a
week. Ribavirin (Rebetol; MSD, Tokyo, Japan) was
administered at 200-600 mg twice a day after breakfast
and dinner (daily dose, 600-1,000 mg). Patients were
considered to have an SVR if HCV RNA remained
undetectable at 24 weeks after the completion of treat-
ment. The SVR rate was evaluated separately in patients
with genotype 1 and genotype 2. Fifty-two of 55 cases of
genotype 1 that received PEG-IFN/RBV were evaluated
becanse the treatment was discontinued in 3 patients.
Forty-one of 42 cases of genotype 2 were evaluated;
treatment was discontinued in 1 patient.

Two real-time reverse transcriptase-polymerase chain
reaction (RT-PCR) assays, CAP/CTM (Roche Molecular
Systems, Pleasanton, CA, USA) and Abbott real-time
HCV test (ART; Abbott Molecular, Abbott Park, IL,
USA) were used for the quantitative measurement of HCV
RNA concentrations before PEG-IFN/RBV treatment and
at day 1, week 1, and week 2 during PEG-IFN/RBV
treatment.

Abbott real-time HCV test

The Abbott real-time HCV test is based upon RT-PCR
followed by real-time fluorescent detection of HCV RNA
(RT-PCR assay). The assay has adopted the second inter-
national WHO standard for HCV RNA (code 96/798) for
calibration. HCV RNA concentration is expressed in
I0/ml. The ART assay has a lower limit of detection
(LOD) of 12 IU/ml with a linear quantitation range of
12 x 107 TU/ml.

@ Springer

Cobas Ampliprep/Cobas TagMan assay

The Cobas Ampliprep/Cobas TagMan assay is based upon
RT-PCR followed by real-time fluorescent detection of
HCV RNA from 850 ml serum. CAP/CTM is standardized
against the first WHO international standard for HCV RNA
(code 96/798). HCV RNA concentration is reported in I1U/
ml. CAP/CTM assay has an LOD of 15 IU/ml with a linear
quantitation range of 43-6.9 x 107 IU/ml.

We genotyped 115 patients for a single nucleotide
polymorphism (SNP): rs8099917, an IL28B SNP previ-
ously reported to be associated with PEG-IFN/RBV ther-
apy outcome. Samples were genotyped using the Illumina
Human Hap 610-Quad Genotyping Bead Chip, with the
Invader, or TagMan assay, as described elsewhere [11-13].

Data analysis

Statistical analysis was performed using PASW Statistics,
version 18 (SPSS) and R, version 2.11. Categorical data were
analyzed using the chi-squared test and Fisher’s exact tests,
and continnous data were analyzed using the nonparametric
Mann—Whitney U test. p values (two-tailed) <0.05 were
considered statistically significant. Correlation coefficient
(R) was assessed by the Spearman’s correlation coefficient
implemented in STATA software version 8.0 (Stata-Corp.
LP, College Station, TX, USA).

Results

Figure 1 shows the correlation between the HCV RNA
measurements obtained by the two real-time PCR assays:
CAP/CTM versus ART in the study variables. A strong
correlation was noted between the two real-time RT-PCR
assays with an overall coefficient of correlation (R?) of
0.8975 (p < 0.0001).

ART (LogIUmD
&
i-~4

20 4

104

00 + 5 + : v : : §

06 10 20 38 40 50 60 10 80
CAP/CTM {Log IU/ml)

Fig. 1 Correlation between hepatitis C virus (HCV) RNA measure-
ments obtained by two real-time RT-PCR assays: Cobas Ampliprep/
Cobas TagMan (CAP/CTM) versus Abbott real-time HCV test (ART)
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Table 1 Correlation between hepatitis C (HCV) RNA measurements obtained by two real-time RT-PCR assays: CAP/CTM versus ART for

study variables (y = 0.9064x + 0.1176, B> = 0.8975, p < 0.0001)

Study variables n CAP/CTM (log TU/ml) ART (log 1U0/m1) Correlation coefficient
Mean Sb Mean SD R p value

Gender

Male 92 6.18 1.06 571 0.97 0.9009 <0.0001

Female 93 6.18 0.92 572 0.92 0.8972 <0.0001
Age (years)

>60 96 6.04 1.03 5.56 1.00 0.9142 <0.0001

<60 89 6.33 0.92 5.89 0.89 0.8709 <0.0001
Platelet counts (10°/1)

>150 126 6.24 0.96 5.78 0.94 0.9106 <0.0001

<150 59 6.04 1.03 5.58 0.96 0.8705 <0.0001
1.28B

TT 84 6.06 1.06 5.67 1.06 0.8826 <0.0001

TG/GG 31 591 1.18 545 .07 0.9461 <0.0001
Genotype

1 55 6.06 1.09 552 1.09 0.9647 <0.0001

2 42 5.94 1.21 5.65 1.15 0.9233 <0.0001

CAP/CTM Cobas Ampliprep/Cobas TagMan, ART Abbott real-time HCV test, IL28B interleukin 28B

Table 1 shows the correlation between the HCV RNA
measurements obtained by the two real-time RT-PCR
assays, CAP/CTM versus ART, in the study variables. All
the coefficient of correlation (R”) values based on the vari-
ables, such as gender, age (=60 or >60 years), and number of
platelets (<150 x 10°/1 or >150 x 10°/1), were more than
0.8700 (p < 0.0001) and were strongly correlated with the
HCV RNA values obtained by the two real-time RT-PCR
assays. The coefficients of correlation (RY for IL28B
genotype (TT, TG/GG) were 0.8826 (p < 0.000) and 0.9461
(p < 0.0001), respectively, and a strong correlation was
observed also for the HCV RNA values obtained by the two
real-time RT-PCR assays. Similarly, the coefficients of
correlation (R%) for the HCV genotypes (genotypes 1, 2) were
0.9647 (p < 0.0001) and 0.9233 (p < 0.0001), respectively,
and a strong correlation was observed also for the HCV RNA
values obtained by the two real-time PCR assays.

Table 2 shows HCV RNA concentrations of study
variables as measured by the two real-time RT-PCR assays.
HCV RNA values measured by CAP/CTM were signifi-
cantly higher than those by ART for all variables, such as
gender, age (>60 or >60 years), and the number of plate-
lets (=150 x 10°/1 or >150 x 10°/) (p < 0.05). The HCV
RNA values of the IL28B group with TT genotype mea-
sured by CAP/CTM were significantly higher than those by
ART (p < 0.05); however, no difference was observed for
the TG/GG genotypes. The difference of HCV RNA values
(CAP/CTM minus ART) between the TT genotype and the
TG/GG genotypes was not statistically significant (Fig. 2).
The positive rates of the difference of HCV RNA values in
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the TT genotype and the TG/GG genotypes (CAP/CTM
minus ART) were 90.5 and 90.3 %, respectively, and were
not statistically significant. The difference of HCV RNA
values in the TG/GG genotypes were not statistically sig-
nificant, which can be explained by the small number of
subjects enrolled in this study. The HCV RNA values in
genotype 1 measured by CAP/CTM were significantly
higher than those by ART (p < 0.05); however, the dif-
ference was not statistically significant in genotype 2. The
difference of HCV RNA values (CAP/CTM minus ART)
was significantly higher in genotype 1 than in genotype 2
(p < 0.0001) (Fig. 3). The positive rate (>0) of the dif-
ference of HCV RNA values (CAP/CTM minus ART)
in genotype 1 was 100 % (55/55), significantly higher
(p <0.001) compared to the positive rate of 78.6 %
(33/42) in genotype 2.

Table 3 shows HCV RNA concentrations of HCV
genotypes 1 and 2 during PEG-IFN/RBV treatment as
measured by the two real-time PCR assays. The HCV RNA
values decreased during PEG-IFN/RBV therapy for both
genotype 1 and genotype 2. The difference of HCV RNA
values (CAP/CTM minus ART) in the genotype 1 group
decreased gradually. The difference was not statistically
significant at day 1 of treatment. The HCV RNA values of
CAT/CTM in the genotype 1 group were higher than those
of ART at day 1, week 1, and week 2; however, the dif-
ference was not statistically significant.

Table 4 shows the SVR rate in patients who received
PEG-IFN/RBV therapy by differences of HCV RNA val-
ues between CAT/CTM and ART before PEG-IFN/RBV
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Table 2 HCV RNA concentrations for study variables as measured by two real-time RT-PCR assays: CAP/CTM and ART

Study variables n CAP/CTM ART Average HCV RNA level Quantitation p value*®
(log TU/mi) (log TU/ml) (CAP/ICTM—ART) difference
Mean SD Mean SD Mean SD Mean Sb
Gender
Male 92 6.18 1.06 5.71 0.97 5.95 1.00 0.47 0.33 0.0019
Female 93 6.18 0.92 572 0.92 5.95 0.91 045 0.30 0.0010
Age (years)
>60 96 6.04 1.03 5.56 1.00 5.80 1.00 0.48 0.30 0.0010
<60 89 6.33 0.92 5.89 0.89 6.11 0.87 0.44 0.33 0.0016
Platelet counts (10%/0)
>150 126 6.24 0.96 5.78 0.94 6.01 0.94 0.46 0.29 0.0002
<150 59 6.04 1.03 5.58 0.96 5.81 0.98 0.47 0.37 0.0123
1L28B
T 84 6.06 1.06 5.67 1.06 5.86 1.04 040 034 0.0131
TG/IGG 31 591 1.18 5.45 1.07 5.68 1.12 0.45 0.29 0.1199
Genotype
1 55 6.06 1.09 552 1.09 5.00 1.09 0.54 0211 0.0161
2 42 594 1.21 5.65 1.15 5.79 1.17 028 0.347 02734

CAP/CTM Cobas Ampliprep/Cobas TagMan, ART Abbott real time HCV test, IL28B interleukin 288

* CAP/CTM versus ART
T p <0.0001, genotype 1 versus genotype 2
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Fig. 2 Genotype-specific HCV RNA level difference in HCV RNA
measurements by CAP/CTM versus those by ART test in samples
with interleukin 288 (IL28B) genotypes; TT and TG/GG, before
pegylated interferon plus ribavirin (PEG-IFN/RBV) treatment [closed
circles genotype TT, open circles genotype TG/GG, solid line mean
HCV RNA values of the difference (CAP/CTM minus ART) in TT,
dotted line mean HCV RNA values of the difference (CAP/CTM
minus ART) in TG/GG]

therapy. Group L comprises patients with a difference of
HCV RNA values of 0.5 IU/ml or more (CAP/CTM minus
ART), and group S comprises patients with a difference of
HCV RNA values of less than 0.5 IU/ml (CAP/CTM minus
ART). The SVR rate of genotype 1 (55.8 %) was signifi-
cantly higher than that of genotype 2 (78.0 %, p = 0.015).
For genotype 1, the SVR rate of IL28B genotype TT was
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Fig. 3 Genotype-specific HCV RNA level difference in HCV RNA
measurements by CAP/CTM versus those by ART test in samples
with HCV subtypes 1 and 2 before PEG-IFN/RBV treatment [closed
circles genotype 1, open circles genotype 2, solid line mean HCV
RNA values of the difference (CAP/CTM minus ART) in HCV
genotype 1, dotted line mean HCV RNA values of the difference
(CAP/CTM minus ART) in HCV genotype 2]. #p < 0.0001, genotype
1 versus genotype 2

significantly higher (p = 0.016) than that of genotype TG
or GG. The SVR rates in group L and group S were not
significantly different for IL28B genotypes TT, TG, or GG.
The SVR rate of genotype TT was significantly higher than
that of genotype TG or GG. The SVR rates in groups L and
S were evaluated for the CAP/CTM HCV RNA values and
ART before therapy, but no significant difference was
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Table 3 HCV RNA concentrations for HCV genotypes 1 and 2 during PEG-IFN/RBYV treatment as measured by two real-time RT-PCR assays:

CAP/CTM and ART

Genotype n CAP/CTM ART Average HCV RNA level Quantitation difference p value*
(log TU/ml) (log TU/ml) (log TU/ml) (CAP/CTM—ART)
Mean SD Mean SD Mean SD Mean SD
Genotype 1
Before treatment 55 6.06 1.09 552 1.09 5.00 1.09 0.54 0.21 0.0161
Day 1 53 4.64 1.11 4.23 112 4.44 1.12 041 0.15 0.0662
Week 1 55 3.79 1.93 3.41 174 3.60 1.83 0.38 0.38 0.2739
Week 2 55 3.06 2.05 2.80 1.74 2.93 1.88 0.26 0.49 0.4966
Genotype 2
Before treatment 42 5.94 1.21 5.65 1.15 5.79 1.17 0.28 0.34 0.2734
Day 1 39 4.55 1.19 449 1.08 4.52 1.13 0.06 0.27 0.8618
Week 1 41 3.39 1.51 3.21 1.48 3.30 1.47 0.18 0.45 0.6946
Week 2 42 1.98 1.30 1.89 1.06 1.96 1.14 0.09 0.29 0.8014

CAP/CTM Cobas Ampliprep/Cobas TagMan, ART Abbott real time HCV test

* CAP/CTM versus ART

observed. The SVR rate of patients with less than
6.0 log IU/ml of the HCV RNA values measured by both
CAP/CTM and assay was higher than that with 6.0 log IU/
ml or more, but this difference was not significant. For
genotype 2, the SVR rate of IL28B genotype TT was
higher than that of genotype TG or GG, but this difference
also was not significant. There was no difference in the
SVR rates between less than 6.0 and 6.0 log IU/ml or
more. The SVR rates in group L and group S were not
significantly different. The SVR rate of patients with
genotype 2 was high regardless of HCV RNA values and
1L28B genotype.

Discussion

The study revealed that the HCV RNA values measured by
CAP/CTM were higher than those by ART among the
subjects with genotype 1; however, no difference was
observed among the patients with genotype 2. The differ-
ence of HCV RNA values (CAP/CTM minus ART) in
genotype 1 was significantly higher than those in genotype
2 (p < 0.0001). The positive rate (>0) of the difference of
HCV RNA values (CAP/CTM minus ART) in genotype 1
was 100 %, which was significantly higher than the posi-
tive rate of 78.6 % in the genotype 2 group (p < 0.001).
The differences of HCV RNA values (CAP/CTM minus
ART) in the genotype 1 group were all positive (>0), and
all the viral load measurements obtained from CAP/CTM
were higher than those from ART (Fig. 3). Ohnishi et al.
[11] reported that the difference of the WHO standard
versions used for ecach assay calibration might be the
reason for the findings. CAP/CTM adopted the First
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International HCV RNA WHO standard for the assay
calibration, while ART adopted the Second International
HCV RNA WHO standard. Direct comparison of the two
assays for measuring the WHO standard revealed a con-
sistently higher quantitation of the WHO standard by CAP/
CTM than by ART. The HCV RNA values of CAT/CTM
in genotype 2 were reported to be lower those of ART [14].
Some cases in this evaluation also had lower CAP/CTM
HCYV RNA values (Fig. 3). No consistency was observed in
genotype 2; some CAT/CTM HCV RNA values were
higher than ART and some were lower. Base substitution is
thought to contribute to this inconsistency [14]; this could
have resulted from the differences between the two PCR
methods. Also, this is consistent with a previous study in
which CAP/CTM values were relatively higher for geno-
type 1 and lower for genotype 2 [2].

The difference of the HCV RNA values between CAP/
CTM and ART was investigated in this study based on
viral kinetics from the early stage of PEG-IFN/RBV
treatment. After administration of PEG-IFN/RBV treat-
ment, reduction of HCV RNA measurements obtained
from both the CAP/CTM assay and the ART assay was
observed from day 1 regardless of genotype (1 or 2). The
HCV RNA values of CAP/CTM were consistently higher
than those of ART during PEG-IFN/RBV therapy. The
difference between these two values eventually became
smaller because of the effect of PEG-IFN/RBV therapy,
and a significant difference was no longer observed.

The IL28B genotype is one of the predictors of PEG-
IFN/RBYV therapy outcome before administration of treat-
ment [15, 16]. In this study, for the genotype 1 patients, the
SVR rate of IL28B genotype TT was significantly higher
than the SVR rates of genotype TG or GG.
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Table 4 Sustained virological response (SVR) rate in patients who received PEG-IFN/RBV therapy by difference between CAT/CTM HCV

value and ART value before PEG-IFN/RBV therapy

Group S Group L p value* Tatal
SVR/n (%) SVR/n (%) SVR/n (%)
Genotype 1
1288
TT 15/19 (79) 10/19 (53) 0.087 25/38 (66)
TG or GG 175 20) 219 (22) 0.481 3/14 (21)
p value 0.012 0.128 0.004
CAP/CTM
<6.0 log IU/ml 6/8 (75) 5/7 (71) 0.875 11/15 (73)
>6.0 log IU/ml 10/16 (63) 7121 (33) 0.077 17137 (46)
p value 0.540 0.077 0.072
ART
<6.0 log TU/ml 8/10 (80) 8/14 (57) 0.241 16/24 (67)
>6.0 log 1U/ml 8/14 (57) 4/14 (29) 0.126 12/28 (43)
p value 0.241 0.126 0.085
Total 16/24 (67) 12/28 (43) 0.086 28/52 (54)"
Genotype 2
1L28B
T 19722 (86) 416 (67) 0.264 23/28 (82)
TG or GG 5/7 (71) 4/6 (67) 0.852 9/13 (69)
p value 0.362 1.000 0.112
CAP/CTM
<6.0 log 1U/ml 11715 (73) 3/4 (75) 0.946 14/19 (74)
>6.0 log 1U/ml 12/14 (86) 6/8 (75) 0.531 18/22 (82)
p valie 0.411 1.000 0.530
ART
<6.0 log IU/ml 14/15 (93) 4/5 (80) 0.717 18/20 (90)
>6.0 log 1U/ml 10/14 (71) 417 (57) 0.305 14/21 (67)
p value 0.564 0.407 0.293
Total 24/29 (83) 8/12 (67) 0.257 32/41 (78)1

Group L, >0.5 log IU/m! (CAP/CTM—ART); group S, <0.5 log IU/ml (CAP/CTM--ART)

* Group S versus group L
¥ p = 0.015, genotype 1 versus genotype 2

The HCV RNA values obtained from the two real-time
PCR assays were analyzed based on the IL28B genotypes
in this study. The HCV RNA values in the TT genotype
group measured by CAP/CTM were significantly higher
than those by ART; however, there was no significant
difference in the TG or GG genotype groups. IL28B
genotypes TT, TG, or GG were evaluated by differences of
HCV RNA values between the CAP/CTM and ART: only
the genotype TT group had a higher SVR rate. No SVR rate
difference depending on the difference of HCV RNA val-
ues between CAP/CTM and ART was observed for geno-
types 1 and 2. Clinically, a higher SVR rate was observed
in the genotype TT group. It is assumed that the HCV RNA
values of CAP/CTM were significantly higher than those
of ART in genotype 1 patients because 73 % were in the

@ Springer

genotype TT group. Therefore, there is assumed to be no
correlation between IL28B and the difference of HCV
RNA values between CAP/CTM and ART.

The data were also analyzed based on gender, age, and
the number of platelets. For all variables, HCV RNA val-
ues as measured by CAP/CTM were significantly higher
than those by ART; however, there was no difference in the
HCV RNA values measured by CAP/CTM and ART when
the measurements were compared against each variable.

The difference in HCV RNA measurements is suggested
to be the result of HCV genotype. The prevalence of geno-
type 1 is higher in Japanese; therefore, the difference was
observed in the measurements obtained from both assays.

The details of primer design and the PCR protocol for
the products of both manufacturers used for this evaluation
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are not disclosed. The PCR protocol of CAP/CTM method
has two steps whereas the ART method has a three-step
protocol. For the CAP/CTM method, elongation and probe
hybridization are conducted simultaneously in the low-
temperature step, and the temperature is generally 50-60
°C . In the ART method, a single-stranded linear probe is
used instead of a TagMan Probe and it has three steps,
although it is also a real-time PCR method. Also, probe
hybridization takes place at a lower temperature than for
the CAP/CTM method, which is thought to optimize the
tolerance level for HCV detection.

The newly developed ART features nucleic acid
extraction using m2000 system, automated real-time PCR
analysis, and high processing capacity. The assay results
correlate well with the CAP/CTM assay, which suggests
the wide application of the platform in clinical settings in
the future. Additionally, the sample volume is 0.5 or
0.2 ml, which is highly practical for pediatric patients or
when only a limited amount of patient sample is available.
Also, some research has suggested that the genotype
reactivity of ART is superior [17, 18].

In this study, the SVR rate was higher in genotype 2
than in genotype 1. For genotype 1, the SVR rate in IL28B
genotype TT was higher than that in genotype TG or GG.
For genotype 2, there was no difference of SVR rate
between genotype TT and genotype TG or GG. These
results were similar to the results of a previous study.

In summary, the HCV RNA values in genotype 1 obtained
from the CAP/CTM assay were significantly higher compared
to the values obtained from ART; however, no difference was
observed in genotype 2. The HCV RNA values decreased
during PEG-IFN/RBV therapy regardless of genotype. The
HCV RNA value for CAP/CTM during PEG-IEN/RBV
therapy was consistently higher than that for ART. However,
the difference in these two values gradually became less
during the course of therapy, and eventually no significant
difference was observed near the detection level. No corre-
lation was observed between the SVR rate and the difference
between the CAP/CTM HCV values and the ART HCV value
before treatment. Both CAP/CTM assay and ART assay were
useful for PEG-IFN/RBYV therapy. In this study, it was not
clear which of the two HCV RNA assays was useful regarding
the effects of IFN therapy. More detailed study is necessary.
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polymorphism prediction and the viral response to
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Aim: IL28B polymorphisms serve to predict response to
pegylated interferon plus ribavirin therapy (PEG IFN/RBV) in
Japanese patients with chronic hepatitis C (CHC) very reliably.
However, the prediction by the IL28B polymorphism contra-
dicted the virological response to PEG IFN/RBV in some
patients. Here, we aimed to investigate the factors respon-
sible for the discrepancy between the 1L28B polymorphism
prediction and virological responses.

Methods: CHC patients with genotype 1b and high viral load
were enrolled in this study. In a case—control study, clinical
and virological factors were analyzed for 130 patients with
rs8099917 TT genotype and 96 patients with rs8099917 TG or
GG genotype who were matched according to sex, age, hemo-
globin level and platelet count.

Results: Higher low-density lipoprotein (LDL) cholesterol,

lower y-glutamyltransferase and the percentage of wild-type
phenotype at amino acids 70 and 91 were significantly

associated with the rs8099917 TT genotype. Multivariate
analysis showed that rs8099917 TG or GG genotype, older age
and lower LDL cholesterol were independently associated
with the non-virological responder (NVR) phenotype. In
patients with rs8099917 TT genotype (predicted as virological
responder [VR]), multivariate analysis showed that older age
was independently associated with NVR. In patients with
rs8099917 TG or GG genotype (predicted as NVR), multivariate
analysis showed that younger age was independently associ-
ated with VR.

Conclusion: Patient age gave rise to the discrepancy
between the prediction by IL28B polymorphism and the viro-
logical responses, suggesting that patients should be treated
at a younger age.

Key words: aging, genotype, IL28B, low-density lipoprotein
cholesterol, single nucleotide polymorphism

INTRODUCTION

EPATITIS C VIRUS (HCV) infection is a global
health problem with worldwide estimates of
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120-130 million carriers.! Chronic HCV infection, the
leading cause of liver transplantation, can lead to pro-
gressive liver disease, resulting in cirrthosis and compli-
cations, including decompensated liver disease and
hepatocellular carcinoma.? The current standard-of-care
treatment for suitable patients with chronic HCV infec-
tion consists of pegylated interferon-a-2a or -2b (PEG
IFN) given by injection in combination with oral ribavi-
rin (RBV) for 24 or 48 weeks, depending on HCV geno-
type. Large-scale treatment in the USA and Europe
showed that 42-52% of patients with HCV genotype 1

© 2012 The Japan Society of Hepatology
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achieved a sustained virological response (SVR),** and
studies conducted in Japan produced similar results.
This treatment is associated with well-known side-
effects (e.g. influenza-like syndrome, hematological
abnormalities and neuropsychiatric events) resulting
in reduced compliance and fewer patients completing
treatment.® It is important to predict an individual’s
response before treatment with PEG IFN/RBV to avoid
side-effects, as well as to reduce the treatment cost. The
HCV genotype, in particular, is used to predict the
response: patients with the HCV genotype 2/3 have a
relatively high rate of SVR (70-80%) with 24 weeks
of treatment, whereas those infected with genotype 1
have a much lower rate of SVR, despite 48 weeks of
treatment.’

Our recent genome-wide association studies (GWAS)
revealed that several highly correlated common single
nucleotide polymorphisms (SNP) in the region of
the interleukin-28B (IL28B) gene on chromosome 19,
coding for interferon (IFN)-A3, are implicated in the
non-virological responder (NVR) to PEG IFN/RBV phe-
notype among patients infected by HCV genotype 1.7
The association between response to PEG IFN/RBV and
SNP associated with IL28B was concurrently reported by
two other groups who also employed GWAS.®® The
IL28B polymorphism was highly predictive of the
response to PEG IFN/RBV therapy in Japanese chronic
hepatitis C (CHC) patients.”®"* However, this was not
always the case. Therefore, we attempted to determine
why the IL28B polymorphism did not predict the
response of all patients. The nature of the functional
link between the IL28B polymorphism and HCV clear-
ance is unknown, and this must be defined to under-
stand how the IL28B polymorphism correlates with
HCV clearance. Therefore, we also investigated the asso-
ciation between the IL28B polymorphism and clinical
characteristics of CHC patients.

METHODS

Patients

TOTAL OF 696 CHC patients with genotype 1b and

high viral load were recruited from the National
Center for Global Health and Medicine, Hokkaido Uni-
versity Hospital, Tokyo Medical and Dental University
Hospital, Yamanashi University Hospital, Tonami
General Hospital, and Shin-Kokura Hospital in Japan.
In a case~control study, sex, age, hemoglobin level and
platelet count were matched between patients with the
1s8099917 TT genotype (n=130) and patients with
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158099917 TG or GG genotypes (n=96) to eliminate
background biases.

Each patient was treated with PEG IFN-a-2b
(1.5 pg/kg s.c. weekly) or PEG IEN-0-2a (180 pg/body
s.c. weekly) plus RBY (600-1000 mg daily, depending
on bodyweight). Because a reduction in the dose of PEG
IEN/RBV can contribute to a lower SVR rate,” only
patients with an adherence of more than 80% dose for
both drugs during the first 12 weeks were included in
this study. Those positive for hepatitis B surface antigen
and/or anti-HIV were excluded from this study.

Non-virological response was defined as less than a
2 log-unit decline in the serum level of HCV RNA from
the pretreatment baseline value within the first 12 weeks
and detectable viremia 24 weeks after treatment. Viro-
logical response (VR) was defined as attaining SVR
or transient virological response (TVR) in this study;
SVR was defined as undetectable HCV RNA in serum
6 months after treatment, whereas TVR was defined as a
reappearance of HCV RNA in serum after the treatment
was discontinued for a patient who had undetectable
HCV RNA during the therapy or on completion of the
therapy. At the time of enrollment, written informed
consent was obtained for the collection and storage of
serum and peripheral blood. This study was conducted
in accordance with provisions of the Declaration of
Helsinki.

Clinical and laboratory data

The sex, age, hemoglobin (Hb) and platelet counts
were matched between study groups. Other parame-
ters determined were as follows: alkaline phosphatase
(ALP), alanine transaminase (ALT), total cholesterol,
fasting blood sugar (FBS), low-density lipoprotein
(LDL) cholesterol, y-glutamy! transpeptidase (y-GIP),
o-fetoprotein (AFP), HCV RNA level and the 1s8099917
polymorphism near IL.28B. ‘

DNA extraction

Genomic DNA was extracted from the buffy coat frac-
tion of patients’ whole blood using a GENOMIX kit
(Talent SRL; Trieste, Italy).

IL28B genotyping

We have reported that the 1s8099917 polymorphism
is the best predictor for the response of Japanese
CHC patients to PEG IFN/RBV therapy than other SNP
near IL28B." Therefore, the 1s8099917 polymorphism
was genotyped using the InvaderPlus assay (Third
Wave Japan, Tokyo, Japan), which combines polymerase
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