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Suppressive effect of oral administration of branched-chain
amino acid granules on oxidative stress and inflammation
in HCV-positive patients with liver cirrhosis
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Aim: in chronic hepatitis C virus (HCV) infection, it is thought
that both chronic persistent inflammation and oxidative
stress contribute to the development of hepatocellular carci-
noma (HCC), and It has been reported that long-term oral
supplementation with branched-chain amino acid (BCAA)
granules could inhibit liver carcinogenesis. However, the
extent of the involvement of these factors remains obscure.

Methods: To clarify the involvement of inflammation and
oxidative stress in the inhibition of liver carcinogenesis, we
evaluated the elfect of oral administration of BCAA granules
on oxidative stress and inflammation in HCV-positive patients
with liver cirrhosis.

Results: Twenty-seven patients were enrolled in the study:
18 of the patients were treated with BCAA granules (adminis-
tered group) and nine were observed without BCAA granules
{non-administered group). In the non-administered group,
the pfoducthn of oxidative stress, as indicated by urine
8-hyd| ine (8-OHdG} and 15-F2t-Isoprostane

(8-1s0Ps), significantly increased with time, while in the admin-
istared group the levels of ferritin and 8-OHdG decreased
significantly. Comparison of the two groups demonstrated
that highly sensitive CRP, ferritin, 8-OHdG and 8-isoPs were
significantly reduced by taking BCAA granules. The time-
course analysis showed that ferritin and highly sensitive CRP
seemed to decrease first, followed by a decrease of 8-OHdG
and 8-IsoPs.

Conclusion: These findings indicated that the administra-
tion of BCAA granules influenced microinflammation and the
metabolism of iron in HCV-pasitive patients with liver cirrho-
sis, and subsequently seemed to reduce the production of
oxidative stress, possibly leading to a decrease in the occur-
rence of HCC.

Key words: branched-chain amino acid, hepatitis C virus,
liver cirrhosis, oxidative stress

INTRODUCTION

HERE ARE APPROXIMATELY 170 million people
infected with hepatitis C virus (HCV) worldwide."
HCV is a major causative agent of liver disease, includ-
ing chronic hepatitis, liver cirrhosis (LC) and hepatocel-
lular carcinoma (HCC). It is estimated that 70-80% of
HCV infections evolve into chronic infection. Once
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HCV develops into cirrthosis, HCC develops at an
annual rate of 5-7%.” Nevertheless, the precise mecha-
nismn underlying HCV-associated HCC is not completely
understood. HCV may contribute to the development of
HCC by facilitating the accumulation of genetic damage
as a result of continuous cell death followed by regen-
eration in the course of chronic hepatitis. If this is the
case, HCV would only be associated indirectly with
hepatocarcinogenesis. Another possibility is the direct
involvement of HCV in hepatocarcinogenesis, whereby
some products of the virus may be oncogenic and
involved in cell transformation. Recently, the core
protein of HCV has been shown to induce HCC in a
transgenic mouse model and has been suggesied 1o play
a central role in the development of HCC in chronic
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hepatitis C.' However, it still remains unclear how the
core protein influences the development of HCC. An
additional possibility is the involvement of oxidative
stress. Recently, numerous studies have shown that HCV
infection itsell causes oxidative stress o a greater degree
than other inflammatory liver disease **

Oxidative stress is defined as a disturbance of the
normal balance between oxidants and antioxidants in
the body. Under oxidative stress, reactive oxygen species
{ROS) can modify macromolecules such as lipids, pro-
teins and nucleic acids (DNA). If ROS-mediated DNA
damage is not repaired, it leads to the production of
genetic mutations as well as gross chromosomal alter-
ations and contributes to cancer development in multi-
step carcinogenesis.”

Clinically, when long-term supplementation with
branched-chain amino acids (BCAA) is given to patients
with compensated or decompensated cirrhosis, their
nutritional status, as indicated by hypoalbuminemia,
ammonia metabolism and glucose metabolism, is
improved,” Additionally, a recent smdy has shown that
long-term oral supplementation with BCAA can inhibit
liver carcinogenesis, especially in overweight or obese
patients.*

Against this background, we hypothesized that when
BCAA granules are administered orally 1o patients with
LG, the improvement of hypoalbuminemia, glucose and
ammonia metabolism, as well as the inhibitory effect on
hepatocarcinogenesis, might be due 1o a reduction of
oxidative stress by the BCAA supplemeniation. In the
present study, we investigated the effects on oxidative
stress of adminisiering BCAA granules orally to parients
with LC.

METHODS

Subjects, design and protocol

HE SUBJECTS INCLUDED in the present study were
outpatients with compensated cirthosis who had
hypoalbuminemia despite adequate food intake.

A 1otal of 27 subjects, 18 of whom were givena d g
BCAA preparation (LIVACT Granules; Ajinomoto,
‘Tokyo, Japan) administered orally three times daily after
meals (adminisiered group). and nine of whom were
followed up without the BCAA granules as a control
(non-adminisiered group), were enrolled in the present
study. All of subjects were confirmed 1o be HCV-pasitive
and HBV.-negative patients with liver cirrhosis and
without other liver diseases, incdluding HCC as shown by
image techniques, and not 10 be have received any

© 2008 The Japan Society of Hepatology
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Table 1 Characteristics of HCV patients with LC

P Cc
Number of patients 18 9
Age 56-80 52-79
Median 70.2 66.8
Sex (male/female) 9/9 4/5
Routine parameters
Uric adid (mg/dL) 544 5.8
NH3 (ug/dL) 64.44 68.56
T-protein (g/dL) 7.59 753
Alb (g/dL) 3.84 3.68
AST (IU/L) 6839 67.44
ALT (1L/L) 4994 16
LOH (IL/L) 228.29 230.44
ALP (ILI/L) 338.12 325.67
T-chol (mg/dL) 15394 168.56
FBS (mg/dL) 138.56 119.44
PT-INR 1.1 1.13
AFP (ng/mlL) 33.39 16.06
Centrally measured parameters
Ferritin (ng/mL) 65.93 4523
Highly sensitive CRI" 1043.56 428.11
(ng/mL)
B-OHAG (ng/mL) 11.07 9.35
B-1s0Ps (ng/mL) 373.96 338.57
Heparocellular carcinoma 0 0

ALT, alanine transaminase: C, control patients; HCV, hepatitis C
virug; LC, liver dnhosis; P, patients who were orally
administered branched-chain amino acid (BCAA) preparation
thrice a day.

medication with BCAA granules, intravenous albumin
administration, or enteral nutrition for hepatic insuffi-
ciency within 8 weeks before enrollment. Patients were
followed up for at least 6 months and blood and ufine
samples were collected at treatment initiation (0 M) and
at 1 month (1 M), 2M, 3M, 4 M and 6 M for as long
as possible. Routine laboratory parameters as shown
in Table 1, highly sensitive CRP, ferritin and axidative
stress markers  (urine  8-hydroxydeoxyguanosine
|8-OHdG)| and urine 15-F2t-Isoprostane |8-1soPs|) were
evaluated.® Routine laboralory parameters were mea-
sured on every visit to hospital. Blood and urine
samples were stored at —70*C until highly sensitive
CRP, ferritin, urine 8-OHdG and urine 8-IsoPs were
centrally measured at SRL MediSearch (Tokyo, Japan).
The raw values (nanogram: ng/ml) of urine 8-OHdG
and urine 8-lsoPs were conventionally corrected by
urinary creatinine (mg/dL) to make it possible 10
compare them with each other.”

It was confirmed thart the patients’ medications had
not been changed within 8 weeks before enrollment or
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during the administration of BCAA. The eligibility and
exclusion criteria were made according to the manufac-
turer’s instructions.

This study was a post-marketing clinical trial and was
performed with the approval of the review board of
Social Insurance Chukyo Hospital. Written informed
consent to participate in this trial was obtained from all
subjects.

Statistical analysis

The primary end point was the amount of change in
oxidative stress markers. The ¢ statistic was used 1o eva-
luate whether the study drug was useful for reducing
oxidative stress, Data were further analyzed by the

Mann-Whitney U-test. P < 0.05 was considered statisti-
cally significant.

RESULTS

HE CHARACIERISTICS OF the two groups of
patients were comparable in terms of age, sex and
underlying liver disease severity, as shown in Table 1.
To assess how the evaluated variables altered during
the observation, the data from before (0 M) and a1 6
months (6 M) were compared in each group (Table 2).
The results showed that total cholesterol (T-chol) was
significantly decreased and PI-INR was significantly
prolonged. and also that urine 8-OHdG and 8-IsoPs
were significantly increased at 6 M in the non-
administered group. The decrease in T-chol and the pro-
longation of PT-INR might mean that the liver discases
were becoming more severe and that oxidative stress was
increasing in the patiens over time. In contrast, in
administered group, urine 8-OHdG and serum ferritin
at 6 M significantly decreased, suggesting that adminis-
tering BCAA granules regularly might reduce oxidative
stress, Considering that highly sensitive CRP was
slightly, although not significantly, increased in the
non-administered group and slightly decreased in the
administered group during the observation period, it
was considered necessary 1o compare the alterations
between the non-administered group and the adminis-
tered group. Therefore, the time-dependent alterations
{Ap or Ac= valuew— valuey,) of all parameters were
compared between the two groups using the Mann-
Whitney U-test. The results showed that ferritin, highly
sensitive CRP, urine 8-OHdG and urine 8-lsoPs were
significantly decreased by BCAA administration. Con-
sidering that feritin reflects the body's Iron storage'™®
and that highly sensitive CRP can detect changes in
microinflammation, our data suggested that taking
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Table 2 R

Ferritin  H-CRP B8-OHdG  8.1sol's

PILINR AP

FBS

T-chol

LDH

Alb  AST ALT

Urie NH3

T
protein
759
7.63

1.10
L1

138.56
122.89

154.94
160.33

228.9
21392

49.94
48.56

68.39
6344

3154
3187

544 6444
75.22

57

P (0 M)
P (6M)

®© 2008 The Japan Society of Hepatology

0.236 0.454

119.44

0.664

168.56

0.619 0.238

0.602
67.44

0.62
368

0.334 0877

0.284
68.56
B0.89

5.80

P-value*

7.53 46.00 23044 1.13

7.29

C(0M)
C (6 M)

51241
0047
0.025

10.64
0311 0.042

591.44

0.881

44 .87

120.56

0.021

0483 P>0010

158.00

0,055

211.89

0.359

4111
0.857 =0.10

59133
0.181

359
0303

5.61
0.433 0.1439 0.086

Pvaluc*
Mann-

0.00038

0.041

0.037

0799 P>0.05 P>0.10

0.194

0245 »>0.10 0291

Whitney**

ALT, alanine wansaminase; AST, aspartate aminotransferase; C, contiol

amino acid (BCAA) preparation thrice a day.

patients; |1-CRP, highly sensitive CRP; P, patients who were orally administered branched-chain

). **P < 0.05 versus data of AP (Pay— Pas) for AC (Caw = Cas) (Mann-Whitney (Ftest).

*P< 0,05 versus data of 0 M for data of 6 M (T-test

Data depict mean values.
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Figure 1 Time-course analysis of ferritin, highly sensitive CRP, 8-OHdG and &-1soPs. In seven patients of the administered group,
markers of oxidative stress (8-OHJG and 8-1soPs), ferritin and highly sensitive CRP were measured at 0 M, 3 M and 6 M. Each paint
represents the mean + SD. Ferritin decreased slightly, although not significantly. and highly sensitive CRP significantly decreased
over time. The values of 8-OHdG and 8-IsoPs did not decrease, but rather increased at 3 M and then significantly decreased at 6 M.

BCAA granules regularly reduced iron storage, microin-
flammation and oxidative stress.

Next, we evaluated how these parameters that were
reduced by BCAA administration altered over time in
seven patients of the adminisiered group. As shown in
Figure 1, ferritin decreased slightly although not signi-
ficantly, while highly sensitive CRP significantly
decreased with time. In contrast, urine 8-OHAG and
8-IsoPs were increased at 3 M and then significantly
decreased at 6 M, compared to their levels before BCAA
administration. Considering that it has been reported
that hepatic iron accumulation was present in patients
with chronic hepatitis C, the decrease of ferritin might
indicate the improvement of not only hepaticiron accu-
mulation, but also iron metabolism."” Therefore, these
data may indicate that the reduction of oxidative stress
was followed by an improvement of the iron metabo-
lism and microinflammation.

DISCUSSION

HE AIM OF this study was 1o analyze the effecis on

oxidative stress of the oral administration of BCAA
granules to HCV-positive patients with LC. In terms of
the usefulness of BCAA granules, in the present study
the level of albumin did not change significantly, which
was probably due 1o the number of enrolled patients,
although some papers have described BCAA granules as
improving nutritional disorders associated with abnor-
mal protein and amino acid metabolism in patients
with LCA" Additionally, one in vitro study has shown
that an increase in the molar ratio of BCAA 10 aromatic
amino acids reduced the growth of HepG2 cells;"* and
recently Muto et al. reported that long-term supplemen-
tation with BCAA decreased the risk for HCC in patients

© 2008 The Japan Society of Hepatology

with LC. These authors pointed out that hyperinsuline-
mia and peripheral insulin resistance are important
mechanisms, although these mechanisms are not yet
fully understood.* Under these circumstances, if BCAA
granules did suppress the production of oxidative stress
in HCV-positive patients with LC, it would be another
potential mechanism by which the incidence of HCC in
HCV-LC patients could be reduced. Therefore, in this
study, which we believe is the first report on this topic,
we focused on the effect of BCAA on oxidative siress.
However, the present study was not a contral study but
a preliminary study; in the future a larger scale study will
be required.

The risk of developing HCC is significantly increased
in patients with chronic hepatitis. Hepatocarcinogenesis
is considered a multi-step process, in a similar way 10
the carcinogenesis of other cancers, and is thought to
involve at least two factors. One is HCV viral protein,
especially the core protein that has been shown to alter
the oxidant-antioxidant status of the liver,* and another
is chronic inflammation. Regarding the former, several
studies have investigated the possible role of oxidative
injury in the pathogenesis of hepatitis C.'*"* In particu-
lar, oxidative damage is evident in both HCV-infected
patients and in HCV-transgenic mice in the absence
of necroinflammatory changes or transaminoferase
release.*'* Moreover, a direct relationship between HCV
core protein and HCC has been reported recemly.™'¢
Certainly, it is easily to imagine that when DNA damage
caused by oxidative stress is not repaired, the accumu-
lation of genetic damage leads 10 the development of
hepatic neoplasm. It has actually been demonstrated
that antioxidant treatment improved the liver injury of
chronic hepatitis C patients in a prospective study.”
Clinically, with oral administration of BCAA, we expe-
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rienced not only that the nutritional status of such
patients improved, but also that the incidence of HCC
was reduced.” These findings prompted us 10 evaluate
the effects of BCAA granules on the production of oxi-
dative stress. The resuls, as expected, showed that urine
8-OHdG and 8-IsoPs were significantly reduced com-
pared with those patients followed up without BCAA
administration.

In addition to the substantial role of oxidative
stress in HCV-associated hepatocarcinogenesis, chronic
inflammation is also important In asymptomatic
patients who show normal alanine transaminase (ALT)
levels despite having HCV-RNA. the possibility of
progression of the disease 10 LC and HCC has been
reported, but HCV-positive HCC is rarely observed in
healthy carriers, and is mainly observed in patients with
LC."* This means that chronic inflammation, creating a
cycle of repeated hepatocyie destruction and regenera-
tion, is very imporiant to the development of HCC. On
the other hand, chronic hepatitis in the absence of
hepatitis virus infection, such as autoimmune hepatitis,
carries a low risk for the development of HCC."" Based
on these findings, it is thought that both HCV proteins
and chronic inflammation contribute to the develop-
ment of HCC additively or synergistically. In the present
study, the level of ALT and aspartate aminotransferase
(AST) was not significantly changed, but microinflam-
mation, as indicated by highly sensitive CRP, not usual
CRP, was found to be first reduced, followed by the
reduction of oxidative stress by oral administration of
BCAA granules.

However, oxidative stress is reported to be influenced
by various things: alcohol consumption, supplementa-
tions such as vitamin A tablets, other inflammation
and malignancy complications. In considering the
mechanism by which the production of oxidative
stress was reduced by the oral administration of BCAA
granules, we experienced one interesting patient. This
patient took iron supplememation for anemia from
before entry into this study until 6 M after the enroll-
ment. Despite administrating BCAA granules, the pro-
duction of oxidative stress was not decreased in this
patient, but rather gradually increased. When the
patient stopped taking the iron supplements, the pro-
duction of oxidative stress gradually decreased (data
not shown). In the present sudy ferritin, which is con-
sidered to reflect the body’s iron store, was shown to be
significantly decreased, along with oxidative stress, in
the administered group. There are some papers in the
literature reporting that iron stimulates the production
of ROS and that hepatic iron overload induces HCC.®

Suppressive effect of BCAA on hepatocarcinogenesis 687

These findings may suggest that BCAA is able to reduce
the production of ROS by involving with the iron
metabolism.

BCAA granules certainly seemed to reduce the produc-
tion of oxidative stress and microinflammation, which
could possibly lead 10 a decrease in the occurrence of
HCC with long-term supplementation, but as the
number of enrolled patients in this study was limited, in
the future large-scale studies in which patients with LC,
including patients without HCV infection, are adminis-
tered BCAA granules, will be necessary.

ACKNOWLEDGMENTS

HIS STUDY IS supported by a Grant-in-Aid from the

Ministry of Education, Culture, Sports, Science and
Technology and a Grant-in-Aid from the Ministry of
Health, Labour and Welfare of Japan.

REFERENCES

1 Shepard CW, Finelli L. Alter MJ. Global epidemiology of
hepatitis C virus infection. Lancet Infect Dis 2005; 3: 507-
20.

2 lkeda K, Saitou §, Swzuki Y o1 al. Disease progression and
hepatocellular carcinogenesis in patients with chronic
hepatitis: a prospective observation of 2215 patients. /
Hepatol 1998; 28: 930-8.

3 Morya K, Fujie H, Shintani Y et al. The core protein of
hepatitis C virus induces hepatocellular carcinoma in
transgenic mice. The core protein of hepatitis C virus
induces hepatocellular carcinoma in transgenic mice. Nat
Med 1998; 4: 1065-7,

4 Moriya K, Nakagawa K, Santa T et al. Oxidative stress in the
absence of inflammation in a mouse model for hepatitis C
virus-associated hepatocarcinogenesis. Cancer Res 2001;
61: 4365-70.

5 Korenaga M, Wang T, Li Y etal. Hepatitis C virus core
protein inhibits mitochondrial eleciron transport and
increases reactive oxygen species (ROS) production. | Biol
Chem 2005; 280: 37481-8.

6 Cerutti PA. Oxy-radicals and cancer. Lancet 1994: 344:
862-3,

7 Sato S, Watanabe A. Muto Y et al. Clinical comparison of
branched-chain amino acid (1-leucine, 1-lsoleucine,
1-Valine) granules and oral nuwition for hepatic insuffi-
dency in patients with decompensated liver cirrhosis
(LIV-EN study). Hepatol Res 2005; 31: 232-40.

8 Muto Y, Sato §, Watanabe A et al. Overweight and obesity
increase the risk for liver cancer in patients with liver cir-
rhosis and long-term oral supplementation with branched-
chain amino acid granules inhibits liver carcinogenesis in
heavier patients with liver cirrhosis. Hepiol Res 2006; 35:
204-214.

© 2008 The Japan Society of Hepatology



V—10

688 T. Ohno et al

9 Nakano M, Kawanishi ¥, Kamohara S et al, Oxidative DNA
damage (8-hydroxydeoxyguanosine) and body iron status:
a study on 2507 healthy people. Free Radic Biol Methods
2003; 35: 826-32.

10 Farinati F, Cardin R. De Maria N et al. lron storage, lipid
peroxidation and glutathione turnover in chronic anti-
HOV positive hepatitis. ] Hepatol 1995; 22: 449-56.

11 Fan ST, Lo CM, Lai EC, Chu KM, Liu CL. Wong |. Periop-
erative nutritional support inpatients undergoing hepatec-
tomy for hepatocellular carcinoma. N Engl | Med 1994;
331: 1547-52.

12 Saito Y, Saito H, Nakamura M et al. Effect of the major ratio
of branched<chain to aromaric acids on growth and
albumin m RNA expression of human liver cancer cell lines
in a serum-free medium, Nutr Cancer 2001; 39: 126-31.

13 De Maria N, Colantoni A, Fagiuoli § etal Association
between reactive oxygen species and disease activity in
chronic hepatitis C. Free Radic Biol Med 1996; 21: 291-5,

14 Cardin R, Saccoccio G, Masuni F, Bellentani S, Farinati F,
Tiribelli C. DNA oxidative damage in leukocytes with the
severity of HOV-related liver disease: validation in an open
population swudy, J Heptol 2001; 35: 587-92.

® 2008 The Japan Sodiety of Hepatology

Hepatology Research 2008; 38: 683-688

15 Barbaro G, Di Lorenzo G, Asti A e2 al. Hepatocellular mito-
chondrial alterations in patients with chronic hepatitis C:
ultrastructural and biochemical findings. Am | Gaser 3
1999; 94: 2198-205.

16 Kato T, Miyamoto M, Date T et al, Repeated hepawcyte
injury promotes hepatic tumorigenesis in hepatitis C virus
transgenic mice. Cancer Sci 2003; 64: 679-85.

17 Houglum K, Venkataramani A, Lyche K Chojkier M. A
pilot study of the effeats of d-alpha-tocopherol on hepatic
stellate cell activation in chronic hepatitis C. Gastroenterol-
ogy 1997; 113: 1069-73.

18 Di Bisceglie AM, Goodman 2D, Ishak KG, Hoofnagle |H,
Melpolder ), Alter HJ. Long-term clinical and histological
follow-up of chronic post-transfusion hepatitis. Heparology
1991; 14: 969-74.

19 Ryder SD, Koskinas ), Rizzi I'M etal. Hepatocellular
carcinoma complicating awtoimmune hepatitis: role of
hepatitis C virus, Hepatology 1995; 22: 718-22.

20 Furutani T, Hino K. Okuda M et al. Hepatic iron overload
induces hepatocellular carcinoma transgenic mice express-
ing the hepatitis C virus polyprotein. Gastroenterology 2006;
130: 2087-98.




JCM Accepts, Elbllshod online ahead of print on 17 December 2008
J. Clin. leob |. doi:10.1128/JCM. 01?53-08
Copyright © 2008, American Society for Microbiology and/or the Listed Authors/institutions. All Rights Reserved.

I

1 Abbott RealTime HCV and Roche COBAS AmpliPrep/COBAS TagMan HCV assay in
2  predicting of sustained virological response to pegylated interferon and ribavirin in
3 chronic hepatitis C patients

5 Kentaro Matsuura,"? Yasuhito Tanaka,' Izumi Hasegawa, Tomoyoshi Ohno@firoml

: HCV, hepatitis C virus; ALT, alanine aminotransferase; PCR,

3> polymerase chain reaction; PEG-IFN, pegylated interferon; RBV, ribavirin

19

600Z ‘4 Arenuep uo 017 IHOOH VT-NNVYIWNA0H "4 12 Biowse wol woy papeojumoq

20  Corresponding author: Yasuhito Tanaka, M.D., Ph.D., Department of Clinical Molecular
21  Informative Medicine, Nagoya City University Graduate School of Medical Sciences,
22 Kawasumi, Mizuho, Nagoya 467-8601, Japan.

23  E-mail: ytanaka@med.nagoya-cu.ac.jp,

24  phone: +81-52-853-8292; fax: +81-52-842-0021

25

26  Keywords: real time PCR; chronic hepatitis C; pegylated interferon plus ribavirin;

27  Abstract, 241 words; text, 2166 words; references, 24; table, 2; figure, 3.

V=11



V=12

28
29
30
31
32
33
3

47

ABSTRACT
Two commercial real-time PCR assays are currently available for sensitive hepatitis C

virus (HCV) RNA quantification; Abbott RealTime HCV (ART) and Roche COBAS

AmpliPrep/COBAS TagMan HCV assay (CAP/CTM). We assessed whether the two 8

chronically infected with HCV genotype 1b (M:F=

eatment, in two patients HCV RNA were detectable at end of treatment by CAP/CTM,
but undetectable by ART and CAM. HCV RNA test using ART and CAP/CTM are
considered to be more effective in predicting SVR than CAM, and PPV for SVR was

002 ' Arenuer uo 017 IHOOM VINNVYINISOH ‘4 18 Bio'wsewof woy pepeojumoq

slightly higher in CAP/CTM than ART.



48 INTRODUCTION
49  The quantification of hepatitis C virus (HCV) RNA is essential for the management of

50  chronic hepatitis C therapy based on the combination of pegylated interferon

51 (PEG-IFN) and ribavirin (RBV). Based on pivotal trials in large multicenter studies. 15

52  positive and negative predictions of sustained virological response (SVR) usi
53  load kinetics have been established and are now used for reco
54  therapy management by the American and European internati
55 (1,7, 10). Initially, the effectiveness of antiviral .
56 RNA tests using end-point PCR assays sensitigeik f 50-1001&/ml, Roche

57 COBAS Amplicor HCV Monitor tesiis 2.0 (CA che Molecular Systems Inc.,
: real-time PCR assays became

3 .' i uantiﬁcalion. which makes them particularly useful for quantifying the full
8 range of viral genome levels observed in treated and untreated patients. Real-time PCR
66 is rapidly replacing other technologies for the routine quantification of HCV RNA.
67 In present study using stored serum samples collected from patients chronically
68  infected with HCV receiving PEG-IFNa2b and RBV, ART and CAP/CTM were
69  clinically evaluated, with a particular regard to predicting effectiveness of the treatment.
70  The serum samples were obtained at various time points during the therapy and the viral
71  load in each of the specimens was evaluated using CAM, ART and CAP/CTM.
72
73  MATERIAL AND METHODS
74 Patients. A total of 60 patients were enrolled in this study from those received
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" CAM results in accordance with standard definitions. On-treatment response was

PEG-IFNa2b plus RBV therapy for chronic HCV infection at three hospitals (Naogoya
City University Hospital, Social Insurance Chukyo Hospital and Nagoya City Johoku
Hospital). The mean age of the population was 53 years, and 37 (61.7%) were male. All

patients had genotype 1b. The mean alanine transaminase (ALT) level was 63.4 £39,

defined as undetectable serum HCV RNA determined during the antiviral therapy. SVR
was defined as serum HCV RNA tested undetectable 6 months after the end of therapy.
Detection of HCY RNA. A total of 486 serum samples were obtained from the
60 patients. Each of the specimens was frozen to -80°C within 2 hours of collection
(11). HCV RNA quantitation in the sera was performed by CAM, ART and CAP/CTM
according to the corresponding manufacturer’s instruction. ART, which is provided
with an automated sample preparation, was carried on the m2000sp and the m2000rt
instruments, and CAP/CTM, which is also provided with an automated sample
preparation, was carried on the COBAS AmpliPrep and COBAS TagMan instruments.
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128

The lower limit of detection was 12 IU/ml as reported for ART (15), 15 IU/ml for
CAP/CTM (8) and 50 IU/ml for CAM (16). Positive results (signals) below the

quantitative HCV RNA concentrations are referred to as “low-positive” when registered

by ART and CAP/CTM.
In general, the HCV RNA levels were measured for each patient in

d non-categorial variables by the

Mann-Whitney's U-test. A, idered significant.

s Response. Among the 60 patients, 26 (43.3%) had SVR, 16
ipsed, 15 (25%) did not respond, 3 (5%) discontinued the treatment due to

Comparison of CAM, ART and CAP/CTM Testing. The proportion of cases
with undetectable HCV RNA revealed by each of the three assays among the patients

6002 'L Asenuer uo A1 IHOON VTFNNVINASOH ‘4 18 Bio'wse wal woy papeocjumog

tested at different time points during the therapy, is depicted in Figure 1. At week 12,
the difference between CAM and CAP/CTM was significant (P<.05), but at the other
time-points the difference was not significant.

Of the 243 specimens with HCV RNA undetectable by CAM, ART and
CAP/CTM revealed presence of the viral genome copies in 36 and 50 specimens,
respectively. In addition, CAP/CTM allowed detection of HCV RNA in 25 specimens
that were negative by ART. On the other hand, there were some 11 specimens with
HCV RNA undetectable by CAP/CTM but positive by ART (Table 1).
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147

148
149
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Prediction of SVR Based on each assay. Positive predictive value (PPV) and
negative predictive value (NPV) for SVR evaluated on basis of undetectable HCV RNA
as revealed by each of the three assays at weeks 4, 8, 12, 16, 20 and 24 of the treatment
start (Table 2). At week12, PPV by CAM, ART and CAP/CTM were 74.3%, 88.0% ax
95.2%, respectively. When we combined results of these 2 assays at week '

fients by CAP/CTM and in one by ART but undetectable by CAM (Fig. 3). In

" these three cases, HCV RNA was undetectable afterward.

DISCUSSION
The two commercial real-time PCR assays currently available for highly sensitive HCV
RNA quantification were comparatively evaluated in this study. These assays are
reportedly more sensitive, have a wider dynamic range of quantification than CAM, are
“specific”, “accurate”, “precise”, and “reproducible” (4, 8, 15, 17, 23, 24).

The proportion of HCV RNA-negative specimens as determined by CAP/CTM
or ART was lower than that by CAM during the whole treatment periods, especially at
week 12 (CAP/CTM vs. CAM; P < .05); implying higher sensitivity of these new
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156
157
158
159

180

181

182

real-time PCR assays, which makes them superior in their clinical value than CAM.
According to pivotal trials in large multicenter studies, positive and negative

predictions of SVR estimated on basis of viral load kinetics are clinically reliable and

are now used in antiviral therapy management by recommendation of the American ar

mainly based on measurement of viral load by CAM. We sought to
determine whether testing by the two real-time PCR assays during therapy could further
improve accuracy of predicting SVR to PEG-IFN and RBV therapy. Almost all patients
whose HCV RNA went undetectable until week 8 as determined by ART, CAP/CTM or
CAM had reached SVR. The rates of SVR among patients who had firstly undetectable
HCV RNA during week 9 and 12 by CAM, ART or CAP/CTM were 55.6%, 75.0% or
87.5%, respectively (Fig. 2), suggesting that the ART or CAP/CTM could be more
specific than CAM in predicting the SVR during the first 12 weeks of the therapy.
Compared ART to CAP/CTM, PPV for SVR of undetectable HCV RNA during the first
12 weeks were slightly higher in CAP/CTM than ART, but the difference did not reach
significance. Recently, it has been reported that the sensitivity of CAP/CTM was
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183  slightly higher than ART on the basis of ‘limit of detection (LOD)’ using international
184 HCV WHO standard specimens (genotype 1a) (14). Further ‘LOD’ studies using serum

185 samples with other genotypes are needed to conclude the sensitivity between ART and

186 CAP/CTM.

187 Recently, it has been reported that extension of treatment with PEG-,
188 RBYV from 48 to 72 weeks increases the rate of SVR in patients with
189  response defined as HCV RNA positive at week 12 but ne
180
191
192
193
194

195 ction of PEG-IFN plus RBV combination

196 to 25% of the patients who become HCV RNA

ing and at the end of therapy had viral relapse after treatment

= are no identified on-treatment markers able to predict whether the
will develop SVR or will relapse. Recently, it has been reported that minimal

* residual viremia detected by transcription-mediated amplification assay (the lower limit
201  of detection is 5-10 [U/ml) (22) at the end of therapy in CAM negative cases could

202 reliably predict relapse after therapy withdrawal (9). In this study, of 16 patients had
203  relapsed after treatment; in two of the patients HCV RNA was detectable by CAP/CTM,
204  but undetectable by ART or CAM at the end of treatment. Minimal residual viremia
205  detected by CAP/CTM might be predictive of post-treatment relapse. Whether relapse
206  could have been prevented by continuing treatment for a longer duration remains to be
207  confirmed in prospective controlled trials.

208 On the other hand, of 26 patients reached SVR, 3 patients had HCV RNA

209  detectable by ART or CAP/CTM at the end of treatment (Fig. 3). Similarly, it has been
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210  reported that minimal residual viremia were detectable by transcription-mediated
211  amplification assay (the lower limit of detection is 5-10 IU/ml) at the end of treatment

212 in the patients reached SVR (18). One possibility is that some patients with SVR

213 became undetectable for HCV RNA even after discontinuation of therapy. However, itg@i 55
214  might be difficult to exclude the contamination, falsely positive or the detection’ "
215 levels of noninfectious fragments of the virus genome of a little clinicalfSigr

216  These explanations remain hypotheses, and then it is necessanyiiire :

217  residual viremia by highly sensitive assays on or afte

218 RBYV in large-scale prospective cohorts. v

219 In conclusions, the resultssHow that rea .. CR using any of the two newly
s : ide Higher clinical value for the
221  management of therafeatic responses igichronié fiepatitis C. The ability to detect

222 : may allow clinicians to predict outcome of

& and develop more individualized protocols for
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