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Selection of Controls

The control subjects were chosen from among,
asymptomatic outpatients with hyperlipidemia
who had no cardiac or infectious diseases. The
absence of atherosclerosis in the controls was
assessed as follows : normal 12-lead ECG, normal
findings on echocardiography, < 25% stenosis of
the carotid arteries on Doppler ultrasonography,
and normal lower limb arteries on physical
examination, A history of cardiac disease meant

exclusion from the control group.

Laboratory Tests

Peripheral venous blood specimens and serum
samples were obtained from all participants and
stored at — 80C until analysis.

C. pneumoniae DNA was isolated from PBMC
using the Smitest EX-R&D (Genome Science
Laboratories, Fukushima, Japan) in accordance
with the manufacturer's recommendations. PCR
for the detection of C. preumoniae was done using
a C. pneumoniae-specific pair of primers (CP1/
CP2 and CPC/CPD)™.

C. pneumoniae 1gG and IgA antibodies were
measured with enzyme-linked immunosorbent
assay (ELISA) kits (Hitazyme C. preumoniae,
Hitachi Chemical Co. Ltd, Tokyo, Japan), as
described previously8)9’17)~19). The IgG and IgA
were positive when indices were > 1. 1017,
When the IgG and IgA antibody detection rates
by ELISA were compared with those for the
microimmunofluorescence method, sensitivity
was 90.4% for IgG and 84.6% for IgA, while
specificity was 89.9% for IgG and 86.7% for I[gA'®.
The rate of agreement between ELISA and
Western blotting was 80.0% for IgG and 87.5% for
IgA'® Al laboratory tests were done in a
blinded fashion.

Statistical Analysis

The mean levels of numerical variables were
compared by the Mann-Whitney U test, while
categorical variables were compared by the
chi-square test or Fisher's exact test, as was

appropriate. A P value < 0.05 was considered to
indicate statistical significance.

Results

The characteristics of the participants are
summarized in Table 1.

Compared with the controls, the patients with
atherosclerosis were significantly older and were
more likely to be men, to be current smokers, and
to have a history of hypertension. C. preumo-
niae DNA was found in the PBMC of 11 controls
(41%), while IgG was positive in 13 controls (48%)
and IgA was detected in 7 controls (26%).

The DNA detection rates of the patients with
atherosclerosis and controls showed no significant
difference, but the IgA positive rate was signifi-
cantly higher in the patients with atherosclerosis.
In contrast, the IgG positive rate was not
significantly different between the two groups.

C. prneumoniae DNA was detected in the PBMC
of 19 patients (28%) with CA, while IgG for
C. pneumoniae was found in for 30 patients (44%)
and IgA was detected in 32 patients (47%).
C. pneumoniae DNA was detected in the PBMC
of 10 patients (35%) with SA, while IgG for
C. pneumoniae was found in 14 patients (48%) and
IgA was detected in 15 patients (52%).
C. pneumoniae DNA was detected in the PBMC
of 9 patients (23%) with ACS, while IgG for
C. pneumoniae was found in 16 patients (41%) and
IgA was detected in 24 patients (62%).
C. pneumoniae DNA was detected in the PBMC
of 9 patients (28%) with OMI, while IgG for
C. pneumoniae was found in 14 patients (44%) and
IgA was detected in 20 patients (63%). The IgA

_positive rate of the patients with CAD (SA, ACS,

and OMI) was significantly higher than the
controls (p < 0.05. p < 0.01, p < 0.01, respec-
tively).

The relationship between the C. pneumoniae
DNA and IgG or IgA antibodies of the patients
with atherosclerosis is shown in Table 2.

IgG for C. pneumoniae with atherosclerosis
was found in 79 patients (42%) and IgA was
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detected in 98 patients (58%), while IgG was
positive in 13 controls (48%) and IgA was detected
in 7 controls (29%).
different between the two groups.
was significantly more common in the patients
with atherosclerotic diseases (58%) than in the
controls (29%) (P < 0.05). Among the patients
with atherosclerotic diseases, the C. prneumoniae
IgA antibody positive rate was significantly
higher in the patients with DNA than in those
without it (71% vs. 18%, P < 0.05).

The associations between C. preumoniae DNA
and antibody for C. pneumoniae I1gG or IgA

There was no significant
IgA positivity

among the patients with each type of atherosc-
lerotic disease and the controls are shown in
Table 3.

The C. pneumoniae IgA-positive rate was
significantly higher for CA patients who had C.
pneumoniae DNA in their PBMC than for those
without it (74% vs. 18%, P < 0.05).
the C. pneumoniae 1gG- positive rate was not
significantly higher for CA patients who had C.
pneumoniae DNA than for those without it (47%
vs. 64%). Among the patients with CAD (SA +
ACS + OMI), the C. prneumoniae 1gA antibody
positive rate was significantly higher for the

In contrast,

Table 1 Characteristics of 168 patients with atherosclerotic diseases and 27 controls

Atherosclerotic diseases Controls
Variables Total CA CAD
SA ACS OoMI

(n=168) (n=68) (n=29) (n=39) (n=32) (n=27)

Age, years 67 + 9" 65 £ 8™ 69 x 8" 68 + 10* 66 + 11° 59 = 7
Male 109 (65)* 25 (37) 20 (69)* 24 (62)* 28 (82)* 6 (22)
Current Smoker 65 (36)* 23 (34 11 (38)* 19 (49)* 12 (38)* 3 (1D
Diabetes mellitus 61 (36) 24 (32) 9 (3D 15 (39) 13 (41) 7 (26)
Hypertension 92 (55)* 35 (62) 16 (55)* 22 (56)* 19 (59)* 5 (19)
C.pneumoniae DNA in PBMC 48 (29) 19 (28) 10 (35) 9 (23) 9 (28) 11 (41)
C.pneumoniae 1gG > 1.10 79 (47) 30 (44) 14 (48) 16 (41) 14 (44) 13 (48)
C.pneumonige IgA > 1.10 98 (58)* 32 (47) 15 (52)* 24 (62)" 20 (63) 7 (26)

Values are represented as the mean = SD or number (%) .

CA, carotid atherosclerosis; SA , stable angina; ACS, acute coronary syndrome; OMI, old myocard:a! infarction

Chlamydophila pneumoniae ; C. pneumoniae
‘P < 0.05 vs. controls
“P < 0.01 vs. controls

Table 2 Relationship between C. pneumoniae DNA and IgG or IgA seropositivity ; atherosclarosis patients versus controls

C. pneumoniae Atherosclerotic disease patients Controls
antibody Total DNA + DNA - Total DNA + DNA -
(n=168) (n=47) (n=121) (n=27) (n=11) (n=16)
C. pneumoniae 1gG > 1.10 79 (42) 27 (59) 41 (34) 13 (48) 7 (64) 6 (36)
C. pneumoniae IgA > 1.10 98 (58)* 33 (71)* 53 (44) 7 (29) 2 (18) 5 (31)

Values are represented as numbers (%).
DNA +, DNA positive ; DNA~, DNA negative
*P < 0.05 vs. controls

Table 3 Relationship between C. pneumoniae DNA and seropositivity by type of atherosclerosis

C. pneumoniae CA CAD Controls
antibody DNA + DNA — DNA + DNA - DNA + DNA -
(n=19) (n=49) (n=28) (n=72) (n=11) (n=16)
C. pneumoniae IgG > 1.10 9 (47) 21 (43) 18 (64) 26 (36) 7 (64) 6 (38)
C. pneumoniae IgA > 1.10 14 (74)* 18 37) 19 (68)* 40 (56) 2 (18) 5 (31)

Values are represented as numbers (%).
DNA +, DNA positive ; DNA -, DNA negative
*P < 0.05 vs. controls
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patients with DNA than for those without it (68%
vs. 18%, P < 0.05). However, the C. pneumoniae
IgG positive rate was not significantly higher for
the patients who had C. pneumoniae DNA than
for those without it (649 vs. 64%).

Discussion

The present case-control study adds new
information to the growing pool of data regarding
the association between atherosclerosis and C.
preumoniae infection. We demonstrated that a
high C. prneumoniae IgA antibody titer and C.
pneumoniae DNA positivity are associated with
an increased risk of various atherosclerotic
diseases. When we investigated whether or not
detection of C. pneumoniae DNA (in PBMC and
atherosclerotic lesions) or antibodies was associ-
ated with atherosclerosis, we found a strong
association between C. pneumonice DNA in
PBMC and advanced atherosclerosis. In fact,
both C. prneumoniae DNA and the C. preumoniae
IgA positive rate were significantly higher for
patients with CAD than for controls and the IgA
seropositive rate was significantly higher for
patients with advanced atherosclerosis than for
the controls.

Previous studies?®® 2 have found C. preumo-
nige DNA in PBMC at significantly higher rates in
patients with atherosclerosis than in controls, but
these reports have also shown that the prevalence
of circulating C. pneumoniae DNA varies widely,
being 8.8-59.4% of patients with atherosclerosis
and 0.0-46.1% of controls. This wide variation of
the C. pnewmoniae positive rate was found both
by using different methods and when independent
investigators used similar methods. C. preumo-
niae generally infects the respiratory tract
initially, and may then be disseminated systemi-

1H12)

cally by infected macrophages A recent

29 clearly reported that C.

interesting study
pneumdnz'ae could not survive in macrophages for
long term. Other group also demonstrated that
lymphocytes have an important role as host cells

for C. pneumoniae®. Our results indicate that

detection of chlamydiae in the bloodstream may
be a general phenomenon among the adult
population rather than being related to the stage
of atherosclerosis, so the detection of C. preumo-
nige DNA may not be a valid marker of current
infection.

We found no correlation between the C.
preumoniae DNA positivity and seropositivity or
antibody titers, as was previously observed in

other studies?®?®,

even though IgA-positive
patients were significantly more likely to have C.
prneumoniae DNA in their PBMC than were
IgA-negative patients. Most of the previous

2223 a5 well as our study, have shown a

studies
higher prevalence of C. preumonige antibodies
than C. pneumoniae antigen. Therefore, current
infection with C. preumoniae may be indicated by
the presence of antibodies in an antigen—positive
patient. From our study, measurement of C.
pneumoniae antibody seemed to be a more
sensitive diagnostic method for infection than the
detection of C. prneumoniae DNA by PCR. The
presence of C. pneumoniae in atherosclerotic
tissues is beyond doubt, but it is difficult to
determine whether it is a primary cause of
disease or a secondary invader, as well as whether
it behaves innocently or aggressively in the latter
case. The present results suggested that C.
pneumoniae may be a secondary invader of
atherosclerotic lesions and not the primary cause
of atherosclerosis.

Our previous study” showed that C. preumo-
niae infection reduced the effect of lipid-lowering
therapy on carotid atherosclerosis and that this
organism may play a role in the progression of the -
atherosclerosis of hypercholesterolemic patients
with advanced CA, although no association was
found between C. prneumoniae seropositivity and
mild atherosclerosis (such as early CA) in the
general populationg). In the present study, we
also found a significantly greater prevalence of
IgA seropositivity in patients with more advanced
atherosclerosis than in the controls, indicating
that C. pneumoniae IgA positivity may be
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associated with advanced atherosclerosis. Fu-
ture research should take into account the fact
that the lesions of atherosclerosis are not sterile,
and studies such as clinical antibiotic intervention
trials will be necessary.

The main limitation of the present study was its
case—control design.  Although care was taken to
avoid potential biases, it is well known that
retrospective studies are often unable to repro-
duce the associations detected in case-control
studies, so further prospective studies are needed
to confirm our findings.

In conclusion, a high C. puneumoniae IgA
antibody titer and C. preumoniae DNA positivity
are associated with atherosclerosis but further
studies are required to confirm whether or not
chronic C. pneumoniae infection is actually an
independent risk factor for atherosclerosis.
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(FNXCH0E%)

PBMC 2D Chlamydophila pneumoniae DNA &
Chlamydophila pneumoniae 1% & DRHE

D RERRBaTER, PESEREResEs, YESEREERER

LR D, 35 R AP, Z I B3P, M H2,
Tt Y, ol E &Y, MK Y

Chlamydophila pneumoniae (C. pneunomiae) BHIIBIRELIZES L TnE L b TS,
KM D C. prneunomiae DNA & C. pneunomiae BiR EDEELZ R L7-3kEIZD 2. ki
168 BB RE(LIEEERL 27603 Fu— VEEIZX LT, ELISA 2 X 5 C. prneunomiae i
{RHIE & RIS, PCRIEZHAWTEMIMA® C pneunomice DNA % HI5E U LEBHRE L7z . BHIRME
bR BIIZ BT, C preunomiae O DNA ORI 48/168 (29%), 1gG PRI 79/168
(47%), IgA PitkbpitEiE 98/168 (58%) TH o7z, —F, 2 ¥ bu— VETIE, DNA ORI
11727 (41%), IgG Puiklp MR 13/27 (48%), IgA Pk 7/27 (26%) THo72. DNA ©
BlERE, MEICEBEEITRO 2P o720%, FMIMLH O DNA BHFIZ BT 5 IgA PUREERE,
BRI LR BRE (74%) Tk, a¥ bu—n (18%) tHELTARILE (p<0.05), £DOH
DEBERES (BURTERRE, TEWE, TEEFGE) BT, arto— e kKL T
HEIZEPo (p<0.05). ShHDOERIY C preunomiae \Z BT 5 IgA HUEBEEHD DNA
BEOBEE, MEWN C. preunomiae B2 X »EIIRELHRESEOEKRE FITERCES L Tw
AATREMEDVRIR S 72,
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The aim of this study was to assess the association between liver stiffness measured by transient elastogra-
phy (FibroScan®) and the efficacy of pegylated interferon alpha-2b plus ribavirin combination treatment
for patients with chronic hepatitis Cvirus (HCV) infection. We prospectively studied 145 Japanese patients

Accepted 3 April 2009 with chronic HCV infection. FibroScan was done at baseline, at the end of treatment, and at 48 and 96
- weeks after the end of treatment. The FibroScan values were significantly decreased for sustained virolog-
Keywords: ical response (SVR) patients (the mean rate of change; —16.2%, —~32.2% and —43.5%) in comparison with

Transient elastography
Hepatitis C virus
Pegylated interferon alpha
Ribavirin

non-SVR patients (~7.2%, —2.1% and +17.3%) at the end of treatment (P=0.0127), and 48 weeks (P < 0.0001)
and 96 weeks (P<0.0001) after the end of treatment. Among the non-SVR patients, the FibroScan values
were significantly decreased for patients with biochemical response (BR} (—17.9%, —30.0% and —271%)in
comparison with non-BR (—4.1%, +6.4% and +30.6%) at the end of treatment (P=0.0270), and 48 weeks
(P<0.0001) and 96 weeks (P<0.0001) after the end of treatment. The FibroScan values may predict a
progressively better clinical outcome for patients with successful virological and biochemical responses.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Hepatitis C virus (HCV).infection is a main cause of chronic viral
hepatitis worldwide. Chronic hepatitis can lead to cirrhosis and
hepatocellular carcinoma (HCC) (Seeff, 2002; Hayashi et al., 2000).
Antiviral treatment with interferon (IFN) for chronic HCV infec-
tion can induce viral clearance and biochemical and histological
improvement (Davis et al., 1989; Hayashi et al,, 1994). Pegylated
interferon (PEG-IFN) alpha in combination with ribavirin (RBV),
which aims at viral eradication {Poynard et al., 2002a; Furusyo et
al,, 2008), has contributed to a reduction in the relapse rate and
a significant increase in the rate of sustained virological response
(SVR) compared with standard IFN monotherapy (Hayashi et al.,
1994; Zeuzem et al,, 2000; Lindsay et al., 2001). IFN treatment has
been reported to be responsible for the regression of liver fibrosis
in patients with SVR (Shiratori et al., 2000; Furusyo et al, 1997).
Even if a virological response with IFN treatment was not obtained,
the deterioration of compensated cirrhosis was prevented and the
development of HCC was inhibited (Nishiguchi et al., 1995; Veldt

* Corresponding author at: Department of General Internal Medicine, Kyushu
University Hospital, 3-1-1 Maidashi, Higashi-Ku, Fukuoka 812-8582, Japan.
Tel.: +81 92 642 5909; fax: +81 92 642 5916.
E-mail address: hayashij@gim.med.kyushu-u.ac.jp (J. Hayashi).

0166-3542/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.antiviral.2009.04.002

et al,, 2004; Kashiwagi et al,, 2003), thereby increasing the survival
rate (Poynard et al., 2002a).

Liver biopsy had long remained the gold standard for staging
fibrosis. However, liver biopsy is no more considered as a per-
fect methodology because of the invasive nature of the procedure,
sampling error and inter-observer variability (Regev et al,, 2002;
Manning and Afdhal, 2008). Therefore, further testing strategies
are needed for assessment of the liver status of patients with liver
diseases.

Transient elastography (FibroScan®; Echosens, Paris, France) has
been proposed as a promising, rapid, noninvasive and reproducible
method for measuring liver stiffness (Sandrin et al., 2002). We pre-
viously reported a clinical assessment of FibroScan among patients
with chronic hepatitis B and C (Ogawa et al,, 2007). The values
measured by FibroScan (FibroScan values) have been significantly
correlated with histopathological staging of percutaneous liver
biopsy and have been shown to be more accurate than biochemi-
cal scores such as the aspartate aminotransferase (AST)-to-platelet
ratio (APRI) and markers of liver fibrosis (e.g. hyaluronic acid and
type IV collagen), which are products of the degradation or synthe-
sis of the extracellular matrix.

It has been repeatedly observed that at least two biomarkers
FibroTest® (Biopredictive, Paris, France) and FibroScan (Manning
and Afdhal, 2008; Calés et al,, 2008; Friedrich-Rust et al,, 2008;
Poynard et al., 2008; Shaheen et al, 2007) have the same
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diagnostic value as a 20-25 mm liver biopsy. In case of discordance
between FibroTest and liver biopsy, half of failures are attributable
to FibroTest and half to the biopsy (Poynard et al,, 2004; Ngo et
al., 2006). Moreover, FibroTest has already demonstrated a simi-
lar prognostic value as biopsy (Ngo et al., 2006). In a few countries,
biomarkers are recommended by health authorities as first line test
in patients with chronic hepatitis C, and biopsy only if biomarkers
are not interpretable (Manning and Afdhal, 2008).

The aim of the present long-term prospective study was to eval-
uate the association between liver stiffness measured by FibroScan
and the efficacy of combined PEG-IFN alpha-2b plus RBV treatment
for patients with chronic HCV infection.

2. Materials and methods
2.1. Patients

We prospectively studied a total of 145 patients infected with
chronic HCV infection. Of the 145 patients, 19 (13.1%) refused antivi-
ral treatment because of financial problems or anxiety about the
possibility of adverse effects and low initial fibrosis degree (low
FibroScan values); however, 4 (21.1%) of them underwent liver
biopsy. The 19 untreated patients were followed for the same 3-
year period as the treated patients. Of the remaining 126 patients,
118 (93.7%) underwent liver biopsy, all of whom were treated with
PEG-IFN dlpha-2b plus RBV treatment between January 2005 and
July 2006 and followed up for 2 years after the end of treatment.

All patients satisfied the following criteria: (1) chronically
infected with HCV and (2) a history of an increased alanine amino-
transferase (ALT) level for over 6 months. Exclusion criteria for the
study were: (1) positivity for antibody to human immunodeficiency
virus (HIV) or positivity for both hepatitis B surface antigen and
anti-HCV; (2) clinical or biochemical evidence of hepatic decom-
pensation; (3) excessive active alcohol (i.e. ethanol) consumption
(>60g/day) or drug abuse; (4) suspected hepatocellular carci-
noma; or(5)treatment with antiviral or immunosuppressive agents
prior to enrollment. Patients who fulfilled the above criteria were
recruited at Kyushu University Hospital.

Informed consent was obtained from all patients before enroll-
ment. The study was conducted in accordance with the ethical
guidelines of the Declaration of Helsinki and the International Con-
ference on Harmonization of guidelines for good clinical practice.

2.2. Clinical and laboratory assessment

Clinical parameters included aspartate aminotransferase, ALT,
platelet count, type IV collagen, prothrombin time, HCV genotype
and HCV RNA. We also calculated APRI, using 45 IU/L as the upper
limit of the normal AST range (ULN), as previously recommended
for evaluating liver fibrosis (Wai et al., 2003):

APRI = AST (/ULN) x 102
platelet count (x10°/L)

Body mass index (BMI) was calculated as weight in kilo-
grams/height in square meters. Serum levels of AST, ALT, type IV
collagen and HCV RNA, platelet counts, prothrombin time and HCV
genotype were measured by standard laboratory techniques at a
commercial laboratory (MBC Laboratory, Tokyo, Japan).

2.3. Transient elastography (FibroScan)

FibroScan was done in the right lobe of the liver through the
intercostal spaces with the patient lying in the dorsal decubitus
position with the right arm in maximal position. The tip of the
probe transducer was covered with coupling gel and placed on

the skin, between the ribs at the level of the right lobe of the
liver. The operator, assisted by an ultrasonic time-motion image,
located a liver portion at least 6 cm thick and free of large vascu-
lar structures. Once the measurement area had been located, the
operator pressed the probe button to start acquisition. The elas-
ticity was automatically calculated by the apparatus and the data
were shown as kiloPascal (kPa). All examinations were performed
by four accomplished operators (EO, KT, HT, and SO) of our depart-
ment who individually experienced over 100 examinations. Only
liver stiffness measurements obtained with at least six success-
ful acquisitions and a success rate of at least 60% were considered
reliable. The validity of FibroScan values depends on an interquar-
tile range of all successful measurements (IQR/M) of less than 30%
of median values (Poynard et al., 2008; Lucidarme et al,, 2008).
The mean IQR/M of the present study was 21.6% and no case with
IQR/M >30% was found. The first measurement of liver stiffness
by FibroScan was performed within 2 weeks before liver biopsy
examination.

2.4. Liver histology and quantification of liver biopsy

Liver biopsy was done for 122 (84.1%) of the 145 chronic HCV
infected patients and was performed by experienced hepatologists
with a 16-G disposable needle (Bard® Monopty®; C.R. Bard, Coving-
ton, GA) under ultrasound guidance. The median liver biopsy length
was 18 mm (minimal length was 15 mm). Liver biopsy specimens
were fixed in formalin and paraffin was embedded. All biopsy spec-
imens were analyzed by two experienced pathologists who were
blinded to the clinical data. For each specimen, the stage of fibrosis
and the grade of activity were established according to the follow-
ing criteria (Bedossa and Poynard, 1996). Fibrosis was staged on
a 0-4 scale as follows: FO=no fibrosis, F1=portal fibrosis with-
out septa, F2 =portal fibrosis and few septa, F3 =numerous septa
without cirrhosis, and F4 = cirrhosis. The grading of activity, includ-
ing the intensity of the necroinflammation, was scored as follows:
A0 =no histological activity, A1 =mild activity, A2 = moderate activ-
ity, and A3 =severe activity.

2.5. Therapeutic protocol

All patients were treated with a weight-based, 1.5 pg/kg weekly
dose of subcutaneous PEG-IFN alpha-2b (Pegintron A®; Schering-
Plough, Osaka, Japan). In combination with PEG-IFN alpha-2b, RBV
(Rebetol®; Schering-Plough) was given orally at a daily dose of
600-1000 mg based on bodyweight (600 mg for patients weigh-
ing <60 kg, 800 mg for those weighing 60-80kg, and 1000mg for
those weighing>80kg). The length of treatment was 48 weeks
for genotype 1b and 24 weeks for genotype 2. The above dura-
tions and dosages are those approved by the Japanese Ministry of
Health, Labor and Welfare. Patients were considered to have RBV-
induced anemia if the hemoglobin level decreased to<100g/L. In
such cases, a reduction in the dose of RBV was required. Some
patients also had PEG-IFN alpha-2b induced psychological adverse
effects or a decrease of white blood cell and platelet count. In
such cases, a reduction in the dosage of PEG-IFN alpha-2b was
required. Both PEG-IFN alpha-2b and RBV were discontinued if
the hemoglobin level, white blood cell count, or platelet count
fell below 85 g/L, 1 x 10%/L, or 2.5 x 10%/L, respectively. The treat-
ment was discontinued if severe general fatigue, hyperthyroidism,
interstitial pneumonia, or severe hemolytic problems developed,
continuation of treatment was judged not to be possible by the
attending physician, or the patient desired discontinuation of treat-
ment. All patients received at least 80% or more of the target dosage
of PEG-IFN alpha-2b and 60% or over of the RBV, because the condi-
tion under the sufficient dosage were needed to estimate between
treatment response and liver disease progression accurately.
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Table 1
Baseline characteristics of 145 patients with chronic HCV infection.

=19

Characteristics " Non-treated (n

EG-IFN alpha-Zb combmatlon with RBV treatment ..
Non-SVR (n= 69) .

Male/Female (n)
Age (years) S
Body mass index (kg/mz)
Aspartate aminotransferase (AST) (IU[L) |
Alanine ammotransferase (IU/L) i
Platelet count (109 IL)
Type IV collagen (ng/mL)
ASTIP]atelet count:
Prothrombin time (%)
HCV genotypes 1b/2 1
Serum HCV RNA Ievel (kIU/mL)

vaer hxstology

Stage ‘of ﬁbr051s
FO (%)

F1 (%) x

F2 (%)

Data are shown by the mean + standard deviation. PEG-IFN, pegylated interferon; RBV, ribavirin.

* p-values were analyzed between SVR and non-SVR patients.

2.6. Efficacy of treatment

SVR was defined as serum HCV RNA undetectable at 24 weeks
after the end of treatment. This efficacy variable, SVR, was defined
as non-detectable HCV RNA as measured by the COBAS® Amplicor®
HCV Monitor Test (version 2.0), and the results were labeled as
positive or negative. The lower limit of detection was 501U/mL
(0.5kIU/mL) (Lee et al., 2000).

2.7. Assessment of biochemical response (BR) among non-SVR
patients

We evaluated BR among non-SVR patients after the end of treat-
ment. Patients who had continuous ALT levels under 30 IU/L every
month for 96 weeks after the end of treatment were defined as BR.

2.8, Determination of HCV RNA level and HCV genotype

During the treatment period, HCV RNA was analyzed by the
COBAS® Amplicor® HCV Monitor assay (version 2.0; Roche Diag-
nostics, Tokyo, Japan), with a lower limit of quantitation of
50001U/mL and an outer limit of quantitation of 5,100,0001U
(5100KIU)/mL. The COBAS® Amplicor® HCV Monitor assay (ver-
sion 2.0) is a semi-automated nucleic acid amplification assay,
consisting of manual sample preparation and automated reverse
transcription (RT), amplification and detection steps on the COBAS®
Amplicor® Analyzer. HCV genotype was determined by RT-PCR
using universal and type-specific primers from the putative C gene
of the HCV genome, according to Okamoto et al. (1992) and the
genotype was classified into the type 1b or type 2a or 2b based on
Simmonds et al. (1994).

2.9, Statistical analysis

Statistical analysis was done with BMDP statistical software
for the IBM 3090 system computer (BMBD Statistical Software,

07225

Inc., Los Angeles, CA). Continuous data were expressed as mean
values, mean+ standard deviation (SD) of the mean. The paired
t-test, unpaired t-test, Mann-Whitney U-test or Kruskal-Wallis
non-parametric analysis of variance was used for the analysis. The
area under the receiver operating characteristic curve (AURQOC)
analysis was done to evaluate the relationship between histological
findings and FibroScan values. The cutoff values were selected from
the receiver operating characteristic (ROC) curve to maximize total
sensitivity and specificity. A P-value less than 0.05 was regarded as
statistically significant.

3. Results
3.1. Characteristics of patients

The major clinical and biochemical parameters of the patients
at entry (baseline) are summarized in Table 1. The mean FibroScan
values were significantly higher in the treated group (10.2kPa)
than in the non-treated group (7.6kPa) (P=0.0406). Of the 126
treated patients, 57 (45.2%) achieved SVR. The median age was
significantly younger in the SVR group (52.7 years) than in the
non-SVR group (60.3 years) (P=0.0003). The rate of SVR was higher
for patients with genotype 2 (85.2%) than for those with genotype
1b (34.3%) (P<0.0001). No significant differences between the SVR
and non-SVR groups were found for gender, BMI, AST, ALT, platelet
count, type IV collagen, APRI, prothrombin time, or serum HCV RNA
level.

3.2. Relationship between liver fibrosis and FibroScan values

Fig. 1a and b shows the distribution of FibroScan values accord-
ing to fibrosis stage and activity grade, respectively. The median
values of the patients were 4.8kPa, 7.1 kPa, 8.5kPa, 12.8kPa and
19.5kPa for FO, F1, F2, F3 and F4, respectively. The FibroScan
values were significantly correlated with fibrosis stage (r=0.807,
P<0.0001)and were also significantly increased in accordance with
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Table 2

Optimal cutoff of FibroScan values for the determination of histological fibrosis stage in 122 biopsy-received patients with chronic HCV infection.

Histological fibrosis stage by liver biopsy

RR F=1 (FO vs. F1) F=2(F1vs.F2) - S F=3(F2vs.F3) . F=4(F3vs.F4)
Number S T ‘ 15/27. . 27/36 - 36/28 o 2818
Cutoff vatue? (kPa e Cae el 7.2 103 14.9
AUROC "% G el 081 0.66 0.88 0.94
Sensitivity (%) L e 630 66.7 89.3 1006
Specificity (%) S 867 66.7 778 82.1
Positive predictive value (%) - - Lk 895 66.7 75.8 - 762
Negative predictive value (%): e 585 A 8000 T St 903 Sitn L 1000
Positive likelihood ratio” /"7 0 el L] 472 72000 G 4020 , .o 580

AUROC, area under the receiver operating characteristic curve.

a The opitimal cutoff value is the one that gives the higher total sensitivity and specificity.

the grade of activity for the patients (r=0.343, P<0.0001). Table 2
shows the optimal liver stiffness cutoff values obtained for sen-
sitivity and specificity. In analyses of adjacent fibrosis stages (FO
vs. F1, F1 vs. F2, F2 vs. F3 and F3 vs. F4), four threshold FibroScan
values were identified: >6.1kPa for F1 (sensitivity 63.0%, speci-
ficity 86.7%); >7.2 kPa for F2 (sensitivity 66.7%, specificity 66.7%);
>10.3 kPa for F3 (sensitivity 89.3%, specificity 77.8%) and 14.9 kPa for
F4 (sensitivity 100%, specificity 82.1%). The corresponding AUROC
were 0.81 for FO vs. F1, 0.66 for F1 vs. F2, 0.88 for F2 vs. F3 and 0.94
for F3 vs. F4.

3.3. The longitudinal FibroScan values for the PEG-IFN alpha-2b
plus RBV combination treatment (Fig. 2a and b)

The baseline mean FibroScan values were 10.3+4.8kPa,
10,0 + 5.5 kPa, and 7.6+ 3.9 kPa for SVR (n=57), non-SVR (n=69),
and non-treated patients (n=19), respectively. For SVR patients, the
mean FibroScan values were 8.3 kPa, 6.6 kPa and 5.4 kPa at week 0
and at 48 and 96 weeks after the end of treatment, respectively. For
non-SVR patients, the mean FibroScan values were 9.0kPa, 9.5 kPa
and 11.4kPa at week 0 and at 48 and 96 weeks after the end of
treatment, respectively.

Table 3

The changes of the FibroScan values of each patient at the end
of treatment, 48 weeks and 96 weeks after the end of treatment
were calculated with the entry values as the estimated standard.
Significant differences were found between SVR (-16.2%, -32.2%
and —43.5%) and non-SVR patients (-7.2%, —2.1% and +17.3%) in
the mean rate of change of FibroScan values between each test-
ing point (P=0.0127, P<0.0001 and P<0.0001, respectively). For the
untreated patients, the mean FibroScan values increased to 8.3 kPa,
9.8 kPa and 10.6kPa (+12.9%, +38.0% and +49.1%, respectively) at
each testing point. Significant differences were also found between
treated patients (SVR and non-SVR) and untreated patients in the
mean rate of change of FibroScan values.

3.4. The longitudinal FibroScan values classified according to the
BR and non-BR of non-SVR patients (Fig. 3a and b)

Of the 69 non-SVR group patients, 16 (23.2%) achieved BR.
The baseline mean FibroScan values were 9.3+52kPa and
10.2 4 5.6 kPa for BR (n=16) and non-BR (n=53) patients, respec-
tively. For BR patients, the mean FibroScan values were 7.4 kPa,
6.2 kPa and 6.7 kPa at week 0 and at 48 and 96 weeks after the end
of treatment, respectively. For non-BR patients, the mean FibroScan

Differences of the mean rate of changes of FibroScan values after PEG-IFN alpha-2b plus RBV treatment, classified by age group and gender.

calculated by the entry values as the estimated standard.
* P-values were analyzed at each point between age groups, between genders and between fibrosis stages.
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(a) 1007
Median

4.8 7.1 8.5 12.8 195

FibroScan (kPa)

r=0.807, p <0.0001

FoO F1 F2 K3 F4
n= 15 27 36 28 16
Fibrosis Stage
(b) 1007
Median
7.7 1.1 134
w
g - T
g 104
3]
£ T 1L
)
r=10.343, p <0.0001

Al A2 A3
n= 39 75 8
Activity grade

Fig. 1. FibroScan values for each fibrosis stage (a) and activity grade (b} of 122
biopsy-received patients with chronic hepatitis C virus infection. The vertical axis is
a logarithmic scale. The bottom and the top boxes are the first and third quartiles,
respectively. The length of the box represents the interquartile range within which
50% of the values are located. The lines through the middle of the boxes represent
the median. The error bars are the minimum and maximum values.

.

values were 9.5 kPa, 10.5 kPa and 12.8 kPa at week 0 and at 48 and
96 weeks after the end of treatment, respectively. For BR patients,
the mean rate of change of FibroScan values indicated improve-
ment (—17.9%, —30.0% and —27.1% at weeks 0, 48 and 96 after the
end of treatment, respectively) with antiviral treatment, in spite
of there not being a virological effect. On the other hand, for non-
BR patients, the mean rate of change of FibroScan values showed
worsening over time (—4.1%, +6.4% and +30.6% at weeks 0, 48 and
96 after the end of treatment, respectively). A significant difference
was found between BR and non-BR patients in the mean rate of
change of FibroScan values in each period (P=0.0270, P<0.0001 and
P<0.0001, respectively). Moreover, although a significant differ-
ence was found between non-BR (+6.4%) and non-treated patients
(+38.0%) at week 48 after the end of treatment (P<0.0001), no
significant difference was found between non-BR(+30.6%) and non-
treated patients (+49.1%) at week 96 after the end of treatment
(P=0.0835)in the mean rate of change of FibroScan values. In other
analyses, no significant difference was found between the longi-
tudinal rate of change of FibroScan values and age (<60 and >=60),
gender or fibrosis stage (<F2 and >F3) for both SVR and non-SVR
patients, as shown in Table 3.

4. Discussion

The present prospective study consists of a demonstration of
the association between liver stiffness measured by FibroScan and
the efficacy of PEG-IFN alpha-2b plus RBV treatment. Recent reports
have shown that treatment for chronic hepatitis Cis associated with

(a) 14
] SVYR(n=57)
12k EZ non-SVR (n = 69)
non-treated (n =19)

g

=

<

>

2]

(=3

1%

2

=

Baseline Week 0 Week 48 ‘Week 96
(AET)
SVR vs, the others all P < 0,0001

(b) 60

[J SYR(n=57) R
B non-SYR (n=69) .

40 ||l non-treated(n=19) | ... -o__.- -
E 3

%

** P=0,0008

*pP=10,0127 -43.5
k&% P = 0.0049
-60
Week 0 Week 48 Week 96
(AET)

Fig. 2. The longitudinal mean FibroScan values (a) and the mean rate of change of
FibroScan values (b) of 126 treated patients after pegylated interferon alpha-2b plus
ribavirin combination treatment and 19 non-treated patients. The rates of change of
the FibroScan values of each patient at the end of treatment and at 48 and 96 weeks
after the end of treatment were calculated using the entry values as the estimated
standard. The length of treatment was 48 and 24 weeks for HCV genotypes 1 and 2
patients, respectively. Weeks 0, 48 and 96 for the treated patients indicate the end
of treatment and 48 and 96 weeks after the end of treatment, respectively. Weeks
0, 48 and 96 for the non-treated patients indicate 48, 96 and 144 weeks from entry,
respectively. SVR, sustained virological response; AET, at the end of treatment.

an improvement of FibroScan values at the end of treatment and
6 months later, whatever the virological response (Vergniol et al.,
2008, 2009). However, we investigated the association between an
efficacy of the antiviral treatment and FibroScan values related to
both virological and biochemical response for a longer period after
the treatment than the previous reports. Consequently, we demon-
strated that the liver elasticity of SVR patients markedly improved
over time and that the liver elasticity of non-SVR patients with
biochemical response also improved.

In PEG-IEN alpha plus RBV treatment for chronic hepatitis C, we
previously reported that it was necessary to administer >80% of the
target dosage of PEG-IFN alpha-2b plus >60% of the target dosage
of RBV throughout the treatment in order to achieve virological
efficacy in Japanese patients (Furusyo et al., 2008). Each patient in
the present study was analyzed under this treatment dosage.
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Fig. 3. The longitudinal mean FibroScan values (a) and the mean rate of change
of FibroScan values (b) of the non-sustained virological response patients after
pegylated interferon alpha-2b plus ribavirin combination treatment, classified by
biological response (BR). The rates of change of the FibroScan values of each patient
at the end of treatment and at 48 and 96 weeks after the end of treatment were
calculated using the entry values as the estimated standard. Weeks 48 and 96 indi-
cate 48 and 96 weeks after the end of treatment, respectively. AET, at the end of
treatment.

FibroScan represents a novel clinical methodology based on
ultrasound. This can survey a larger sample of the liver parenchyma
than liver biopsy and thus more accurately estimates liver fibro-
sis across a wide range of liver disorders (Ziol et al, 2005;
Ogawa et al., 2007). According to meta-analysis, FibroScan could be
performed with excellent diagnostic accuracy at distinguishing
liver cirrhosis (F4) or no liver cirrhosis (<F3), with a mean AUROC
of 0.94, and at distinguishing >F2 and <F1 with a mean AUROC
of 0.84 (Friedrich-Rust et al,, 2008). The optimal cutoff values for
the diagnosis of F4 and >F2 suggested from the summary ROC are
13.01kPa and 7.65kPa, respectively (Friedrich-Rust et al., 2008).
Thus, prior studies have already shown that FibroScan can dis-
tinguish absent or mild fibrosis from advanced fibrosis in both
HCV-mono-infected and HIV-/HCV-co-infected individuals, but it
seems to be less accurate at differentiating between intermediate
stages. However, Macias et al. (2008) suggested that the usefulness

of FibroScan could be enhanced using two different cutoff values
(6.0kPa and 9.0 kPa) to identify with <F1 and >F2, respectively, in
HIV- and HCV-co-infected patients.

Biomarkers such as FibroTest demonstrated similar results as
FibroScan in patients treated with IFN and RBV (Poynard et al,
2002b, 2003; Ngo et al., 2006; Patel et al., 2009) and the com-
bination of FibroTest and ActiTest® (which is a modification of
the FibroTest) give not only the fibrosis estimate but also the
activity estimate (Poynard et al., 2003). FibroScan has never been
demonstrated better than FibroTest for F4 vs. <F3 according to
evidence-based data (Castéra et al., 2005; Shaheen et al., 2007;
Manning and Afdhal, 2008; Poynard et al., 2008; Calés et al., 2008).

While natural history of liver fibrosis progression can vary
depending on gender and alcohol consumption, age is the mainrisk
factor for liver fibrosis (Poynard et al., 1997). We recommended that
all our patients stop drinking alcohol while under treatment and
during follow-up. In our study, the baseline mean value of FibroScan
was 7.6 kPa, almost the same as the F2 stage, with a value of 10.5 kPa,
nearly equal to the F3 stage, after 3 years in non-treated patients
(median age 63.8 years). Poynard et al. (1997) suggested that the
rate of liver fibrosis progression of untreated patients was highest
in individuals older than 50 years (at a rate of 0.333 stage/year). The
findings obtained in the present study were similar to those of the
above report.

Many previous reports have shown that IFN treatment achieves
biochemical and histological improvement with viral suppression
by patients with chronic hepatitis C (Poynard et al,, 2002a; Furusyo
et al, 1997; Cammad et al.,, 1998; Bruno et al, 2007; Furusyo et
al., 2008). Several potential mechanisms have been hypothesized
for the anti-fibrotic effect of IFN, including that IFN alpha can
directly reduce fibrogenesis. Shiratori et al. (2000) showed that
the fibrosis stage improved from —0.60 at <3 years of follow-up
to —0.88 at >3 years follow-up (a rate of —0.28/years) for SVR
patients treated with non-pegylated IFN monotherapy. However,
Everson et al. (2008) showed that the fibrosis stage improved —1.00
between before treatment and 6 months after the end of treatment
of SVR patients receiving PEG-IFN alpha monotherapy. Poynard et
al. (2002a) showed that the mean fibrosis stage 6 months after
the end of treatment was 1.9+ 0.9 (SD) for SVR patients with com-
pensated cirrhosis treated with PEG-IFN alpha monotherapy or in
combination with RBV. There was no significant difference between
PEG-IFN alpha plus RBV and PEG-IFN alpha alone for the 48-week
regimen as to an anti-fibrotic effect (Poynard et al,, 2002a). There-
fore, PEG-IFN alpha itself may have a stronger anti-fibrotic effect
than non-pegylated IFN and RBV, due to a pharmaco-dynamic
advantage.

In the present study, we demonstrated a dramatic reduction of
FibroScan values in both SVR and BR patients. Firstly, our results
confirmed, from the viewpoint of liver fibrosis, that IFN treatment
is of long-term benefit for chronic hepatitis C patients. Moreover,
such reduction was observed at an early stage of PEG-IFN alpha plus
RBV treatment by SVR and BR patients. It is probable that such early
reduction of FibroScan values means not only the improvement of
fibrosis but also of inflammation in the liver as a result of treat-
ment, because FibroScan values were significantly correlated with
the grade of activity in the liver in the present study. Compared with
the rate of change of FibroScan values between non-advanced fibro-
sis (F<2) and advanced fibrosis (F> 3), no significant differences
were found at each testing point. Secondly, another important result
was that FibroScan values decreased even for BR patients without
HCV clearance by treatment. The findings of the present study can
explain why the rate of development of HCC is lower in BR patients
treated with IFN. Because HCC tends to develop in patients with
advanced liver fibrosis (cirrhosis), BR patients who have a reduction
of fibrosis probably will not as quickly develop HCC in the future.
Thirdly, although the virological treatment itself may produce good
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results in terms of a short-term anti-fibrotic effect of the liver, the
FibroScan values of non-BR patients became progressively worse in
the long-term course after the antiviral treatment. In the case of a
high serum ALT level for non-SVR patients, an additional antivi-
ral retreatment has to be considered. In fact, we recommended
antiviral treatment for the studied non-treated patients after the
completion of this study, and then most of them have started to
receive IFN treatment. A long-term IFN treatment regimen was
effective in a smaller trial of the anti-fibrotic effect (Arase et al.,
2004); therefore, we believe that treatment with careful atten-
tion to IFN-related adverse effects could be usefully introduced
to help patients avoid progressing to liver fibrosis and HCC. Thus,
the FibroScan is a very interesting tool for the follow-up of chronic
HCV carriers, as it is easier to use than liver biopsy in clinical set-
tings. These results are of great interest for the understanding of
the effects of IFN treatment and of HCV-related liver disease.

In conclusion, our study shows that transient elastography
(FibroScan) is a useful tool for the longitudinal assessment of IFN
treatment of chronic hepatitis C patients.
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