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including electroencephalography (EEG), cerebral
evoked potential, p300 event-related potential, psycho-
metric hepatic encephalopathy score (PHES) and critical
flicker test’-"> have been employed. Diagnostic specific-
ity can be improved by combining these tests, but com-
plexity becomes a major disadvantage.

Recent advances in diagnostic imaging, such as
positron emission tomography (PET) and functional
magnetic resonance imaging (fMRI), made it possible
to map brain function in tomographic images with high
space and time resolutions. Recent study using PET*®
revealed that the primary event in the pathogenesis of
OHE is inhibition of cerebral energy metabolism evi-
denced by reduced cerebral oxygen consumption and
reduced cerebral blood flow. Whether the same mecha-
nism could be applied to MHE is not known. Near-
infrared spectroscopy (NIRS) is a tool that could
non-invasively measure the cerebral blood volume as
an oxygenated hemoglobin (oxy-Hb) concentration.
The space and time resolution of NIRS is equivalent or
higher than that of PET and fMRI. Moreover, NIRS is
highly portable, does not have any restriction in the
posture and flexible in setting tasks. Therefore it is pos-
sible to perform tests in a natural environment and to
evaluate brain function as reflected by the dynamic
changes in regional cerebral oxy-Hb concentration in
response to a given task. The latter may be especially
important to disclose a latent abnormality of brain
function.

Recent study suggested that astrocytes regulate the
cerebral blood flow and provide the oxy-Hb to the
activation site of the brain.””-" In hepatic encephalopa-
thy patients, function of astrocyte is impaired which
may lead to cerebral oxygen consumption and blood
flow.'¢2°-22 We hypothesized that clinically latent abnor-
mality of brain function in MHE also may be linked to

Table 1 Patient characteristics
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the impairment of adequate increase in cerebral energy
metabolism in response to the stimulation for activating
the brain due to impaired function of astrocytes. In
the present study, we used NIRS to evaluate the latent
abnormality of brain function in patients with MHE, by
measuring the increase of regional cerebral oxy-Hb con-
centration in response to task stimulation.

METHODS

Patients

TOTAL OF 29 liver cirrhosis patients without OHE

were enrolled. The underlying etiology of liver
disease was hepatitis C virus infection in 19 patients,
hepatitis B virus infection in two, alcoholic liver disease
in five and other liver disease in three. All participants
were examined by two psychiatrists to exclude mental
disorders. No patient had any history of taking antide-
pressants or other psychotropic drugs. Subjects were
examined by brain MRI or brain CT and they had no
apparent brain structural disease including brain infarc-
tion. The study was performed in accordance with the
Declaration of Helsinki and approved by the ethics com-
mittee of Musashino Red Cross Hospital and National
Center of Neurology and Psychiatry. Informed consent
was obtained from each subject. MHE was defined as
those who had abnormal EEG findings. According to
this definition, 16 patients were assigned to the MHE
group and 13 were assigned to the non-MHE group.
Table 1 shows the clinical characteristics of patients. The
age and sex ratio did not differ between groups.

NIRS measurements

Concentration of oxy-Hb was measured by a 52-channel
NIRS machine (Hitachi ETG4000; Hitachi Medical,

MHE (n = 16) Non-MHE (n=13) P-value
Age 67.9%8.9 70.1+£10.2 0.53
Sex (M/F) 7/9 7/6 0.72
Albumin (g/dL) 2.68+0.39 3.63+0.47 <0.0001
T-Bil (mg/dL) 1.83+1.22 0.88+0.34 0.011
PT% 64.5+10.8 85.2+12.7 <0.0001
Child-Pugh (A/B/C) 0/9/7 11/2/0 <0.0001
Etiology (HC/HB/Alc/Others) 8/2/4/2 11/0/1/1 0.28
NH3 (mmol/L) 90.1+64.3 40.1+18.3 0.012

Alg, alcoholic liver disease; HB, hepatitis B; HC, hepatitis C; MHE, minimal hepatic encephalopathy; PT%, prothrombin time

percentage; T-Bil, total bilirubin.
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Tokyo, Japan). NIRS detects changes in brain activity
by capturing increases in regional cerebral blood flow
caused by neural activity. For each channel, an optic
fiber device is connected to an application probe that is
placed on the subject’s scalp. The 52 channels cover the
frontal lobe, upper temporal lobe and anterior parietal
lobe of the brain (Fig. 1). The near-infrared light pen-
etrates the scalp and skull, passes through the brain
tissue, and is partially absorbed by oxy-Hb. The reflected
light is detected by a probe positioned 30 mm away
from the application probe. The changes in concentra-
tion of oxy-Hb can be calculated by measuring reflected
light** In this study, the results measured by the
seven channels which were previously reported to be
diagnostic for mental disorders; (channels 36-38 and
46-49)*% were selected for the analysis. The time-
dependent changes in oxy-Hb concentration in each of
these seven channels were compared between MHE and
non-MHE patients. The sum of increase in oxy-Hb con-
centration in these seven channels was calculated and
compared between MHE and non-MHE patients. For
this analysis, increase of oxy-Hb at 5s and maximum
increase were used.

Activation task

A word-fluency task was used to stimulate frontal lobe
activity. Subjects were instructed to generate as many
words as possible with a given letter. For example, with

Figure 1 Near-infrared spectroscopy.
An optic fiber device connected to a
probe is placed on the subject’s scalp
covering the frontal to temporal
regions. The relative concentration of
oxygenated hemoglobin (oxy-Hb) was
measured every 0.1s during word-
fluency testing.

NIRS for minimal hepatic encephalopathy 3

a task involving “naming words starting with the letter
‘T'”, subjects were given 20 s to say as many words as
they could starting with the letter “T”, such as “tomato”,
“tail” and “tea”. Three tasks were presented for a total of
60 s. During the word-fluency test, the real-time changes
in the oxy-Hb concentration were measured at each
channel. Data are expressed as a wave form as well as in
the form of topographic images.

Statistical analysis

The SPSS software package ver. 15.0 (SPSS, Chicago, IL,
USA) was used for statistical analysis. Categorical data
were analyzed using Fisher's exact test. Continuous vari-
ables were compared with Student’s t-test. A P-value of
less than 0.05 was considered statistically significant.

RESULTS

HE NUMBER OF words generated by the word-
.4 fluency task did not differ significantly between the
MHE and non-MHE groups (10.8+3.4 vs 10.7+2.5
words, P=0.93). Figure 2 shows the time-dependent
changes in the oxy-Hb concentration during the task in
the representative seven channels. The average value of
the seven channels (36-38 and 46-49) is shown in
Figure 2. These changes reflected frontal lobe activation
by the word-fluency test and correspondingly elevated
cerebral blood flow in the frontal lobe. In the non-MHE

© 2013 The Japan Society of Hepatology
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Figure 2 Time-dependent changes in oxygenated hemoglobin (oxy-Hb) concentration in response to tasks. The average waveforms
of time-dependent changes in oxy-Hb concentration in representative channels (Ch) are shown. The solid and broken line
represents non-minimal hepatic encephalopathy (MHE) and MHE groups, respectively. The area between the two vertical lines

corresponds to the 60 s of the word-fluency test.

group, the oxy-Hb concentration increased immediately
after the start of the task, remained high with repetitive
steep peaks during the task, and decreased after the
end of the task. In contrast, the time course of oxy-Hb
changes was somewhat different in the MHE group,
characterized by a slow increase of oxy-Hb throughout
the task, gradually reaching a plateau at the end of the
task (Fig. 2). These differences in the degree of oxy-Hb

vs 0.32+0.22mM-mm, P=0.37) (Fig. 4). On the
other hand, increase in oxy-Hb concentration at 5s
after starting the task was significantly small in
MHE compared to non-MHE patients (0.03 £ 0.05 vs

MHE group n =16 no-MHE group n = 13

changes also could be visualized by the topographic task 1 4 e ‘ "ﬁ”a,“é'“m]
presentation. In the topographic image, increase of Osec | e | ne Mo
oxy-Hb concentration is expressed as a deepening of task L T e ra —— 5&”5_“3”””‘]
the red shading. Figure 3 shows a topographic image Ss0c | T Mo

showing the increase in oxy-Hb concentration in
response to a task. The image in Figure 3 is the average
value (arithmetic mean topographic image) of all
patients. The concentration of oxy-Hb is small in the
MHE group, as reflected by blue or green color, com-
pared to the non-MHE group, as reflected by orange or
red color.

When the average value of the seven channels
were calculated, the maximum value of oxy-Hb increase
was smaller in MHE compared to non-MHE patients
but it did not reach statistical significance (0.26 £0.12

© 2013 The Japan Society of Hepatology

task L g qi[:g.zmm]
B0sec | = . - _H-o1
- n—— .[mMmm]
i i +0.2
. M1

Figure 3 Topographic image showing cumulative increase in
oxygenated hemoglobin (oxy-Hb) concentration. Increase in
oxy-Hb concentration is shown by deepening of the red
shading. The concentration of oxy-Hb is small in the minimal
hepatic encephalopathy (MHE) group, as reflected by the blue
or green color compared to the non-MHE group as reflected by
orange or red color.
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Figure 4 Comparison of maximum increase in oxygenated
hemoglobin (oxy-Hb) concentration between patients with
and without minimal hepatic encephalopathy (MHE). The
average value of maximum increase in oxy-Hb did not differ
significantly between the MHE and non-MHE groups.

0.11 £0.09 mM-mm, P=0.006) (Fig. 5). For the diag-
nosis of MHE, the receiver-operator curve analysis
identified an optimal cut-off of 0.05 mM - mm for the
oxy-Hb concentration at 5 s after starting the task. The
area under the curve was 0.774 (P=0.012; 95% confi-
dence interval, 0.60-0.95), sensitivity and specificity of
NIRS for the diagnosis of MHE was 69% and 77%,
respectively. The positive predictive value was 79% and
negative predictive value was 67%.

DISCUSSION

SING NIRS, WHICH can detect changes in

regional cerebral oxy-Hb concentration with an
extremely high level of sensitivity, we found that
increase in cerebral oxy-Hb concentration in response
to tasks was slow and small among cirrhotic patients
without OHE but having abnormal electroencephalog-
raphy findings. The impairment of response was most
significant at an early time point after the start of the
task. These findings indicated that cerebral oxygen
metabolism is poorly reactive in response to tasks
among patients with MHE and that this impaired cere-
bral oxygen metabolism may be related to the patho-
genesis of latent impairment of brain activity seen in

NIRS for minimal hepatic encephalopathy 5

MHE. To the best of our knowledge, our study appears
to be the first evaluating MHE with NIRS. The non-
invasiveness and high time resolution of NIRS give it
potential as a valuable research tool for the examina-
tion of brain function in HE, as well as a clinically
useful tool for the diagnosis of MHE.

Hepatic encephalopathy in its early stage, such as
latent or minimal HE, can reduce cognitive function,
lower work efficiency, reduce QOL?® or impair driving
skill."*?%3% Although there are several practical require-
ments for the diagnosis of MHE, adequate diagnosis of
MHE is difficult due to the lack of reliable diagnostic
standards.’?? Several diagnostic methods such as neu-
ropsychological function tests, number connection test,
light/sound reaction time, inhibitory control test, WAIS
or electro-psychological tests including EEG, spectral
EEG, and cerebral evoked potential, PHES, critical flicker
test and computer-aided quantitative neuropsycho-
logical function test system (NP-test)’"** have been
proposed,32-3¢ but there is no ideal test for MHE as yet.
Because these tests are developed for the screening of
MHE, these are not diagnostic. Establishment of a
reliable diagnostic method for MHE is imperative. We
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Figure 5 Comparison of increase in oxygenated hemoglobin
(oxy-Hb) concentration at 5 s after the start of task between
patients with and without minimal hepatic encephalopathy
(MHE). The average value of increase in oxy-Hb was compared
between the MHE and non-MHE groups at 5 s after starting the
word-fluency task. The increase in the oxy-Hb concentration
was significantly lower in patients with MHE compared to
non-MHE (P = 0.006).
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have some cases in which NIRS results improved with
lactulose and branched-chain amino acid. A prospective
study is ongoing to evaluate the effect of treatment by
NIRS. The major advantage of NIRS over “paper and
pencil tests” is the absence of learning effect which
is generally seen in other neuropsychological function
tests* and NIRS could also discriminate other mental
disorders.**

Neuroimaging using MRI, magnetic resonance spec-
troscopy and PET has made it possible to non-invasively
assess hepatic encephalopathy.*®*” However, these tests
require extensive equipment and are therefore costly.
NIRS is a new methodology for brain research and brain
function testing, and has applications in various areas of
medicine, being used not only in research, but also in
clinical medicine.®-** NIRS has been approved for
identifying the language-dominant hemisphere before
brain surgery and measuring epileptic foci.*” In human
studies comparing NIRS and fMRI,*°*? a correlation was
seen between blood-oxygen-level-dependent signal and
oxy-Hb concentration as measured by NIRS. In brain
function analysis, the detection sensitivity of NIRS is
comparable to that of fMRI, but the time resolution of
NIRS is greater. Furthermore, the advantages of NIRS are
convenience, bedside analysis, non-invasiveness, free
task setting and low cost.

Here, we used multichannel NIRS to measure the
changes in oxy-Hb concentration during task perfor-
mance from the frontal to temporal regions of the cortex
in MHE patients and compared the results with those
of liver cirrhosis without MHE. In all subjects, oxy-Hb
increased during task performance and gradually
decreased after the completion of task performance.
However, the time-dependent changes in the degree of
increase in oxy-Hb concentration differed between
patients with and without MHE. The degree of increase
in oxy-Hb concentration during task performance was
smaller and more gradual in MHE compared to non-
MHE patients. The increase of the oxy-Hb concentration
reflects the increase of cerebral blood volume in the area
of the brain activated by the task. Iversen et al. found
that the cerebral oxygen consumption and blood flow
were both reduced in cirrhotic patients with an acute
episode of OHE'"and that the oxygen delivery was
approximately twice the oxygen consumption, indicat-
ing that oxygen delivery or blood flow was not a limiting
factor for the oxygen consumption. Consequently,
cerebral blood flow seems to be reduced as a result of
diminished cerebral oxygen requirement during HE,
and not vice versa.'® It is reported that neuron-to-
astrocyte signaling is a key mechanism in functional

© 2013 The Japan Society of Hepatology
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hyperemia,'’-***** and that function of astrocytes is
impaired in hepatic encephalopathy patients.?*-?* There-
fore, impaired astrocyte-mediated control of cerebral
microcirculation can result in slow increase of cerebral
blood flow during task performance in MHE patients.
Thus, the sluggish increase in cerebral blood flow seen
in MHE in the present study may reflect the impaired
brain activity and dysfunction of astrocytes and
impaired cerebral oxygen metabolism in these patients.

There are several limitations in the present study. The
number of patients was not enough to make a compari-
son stratified by Child grade. We would like to analyze
this important point in a future study. It may be pos-
sible that cerebral oxy-Hb may change due to aging or
by the arteriosclerotic changes. In the present study, age
was not related to NIRS results. All patients were exam-
ined by brain MRI or brain CT and they had no appar-
ent brain structural disease including brain infarction.
However, it was not possible to evaluate the arterioscle-
rotic changes. This may be another limitation of this
study. Many neuropsychological function tests, such
as number connection test, light/sound reaction time,
inhibitory control test, WAIS or electro-psychological
tests including EEG, cerebral evoked potential, p300
event-related potential, PHES and critical flicker test
have been employed for the diagnosis of MHE. In
Japan, Kato and colleagues established the computer-
aided quantitative neuropsychological function test
system called NP-test.” However, these tests were not
simultaneously measured in the present study. Because
we recognize the importance of comparing NIRS with
other tests, we would like to solve this issue in future
study.

In conclusion, NIRS, with its high degree of time reso-
lution, enabled us to identify the characteristic time
course of oxy-Hb concentration changes during tasks in
MHE. The observations imply that cerebral oxygen
supply and metabolism is poorly reactive in MHE,
which may be related to the pathogenesis of latent
impairment of brain activity.
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and serum fibrosis markers for the estimation of liver
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Aim: Real-time tissue elastography (RTE) is a non-invasive
method for the measurement of tissue elasticity using ultra-
sonography. Liver fibrosis (LF) index is a quantitative method
for evaluation of liver fibrosis calculated by RTE image fea-
tures. This study aimed to investigate the significance of
LF index for predicting liver fibrosis in chronic hepatitis C
patients.

Methods: In this prospective study, 115 patients with
chronic hepatitis C who underwent liver biopsy were
included, and the diagnostic accuracy of LF index and serum
fibrosis markers was evaluated.

Results: RTE imaging was successfully performed on all
patients. Median LF index in patients with FO-1, F2, F3 and F4
were 2.61, 3.07, 3.54 and 4.25, respectively, demonstrating a
stepwise increase with liver fibrosis progression (P < 0.001).
LF index (odds ratio [OR]=5.3, 95% confidence interval
[Cl] =2.2-13.0) and platelet count (OR =0.78, 95% Cl = 0.68-

0.89) were independently associated with the presence of
advanced fibrosis (F3-4). Further, LF index was independently
associated with the presence of minimal fibrosis (FO-1)
(OR =0.25, 95% Cl = 0.11-0.55). The area under the receiver-
operator curve (AUROC) of LF index for predicting advanced
fibrosis (0.84) was superior to platelets (0.82), FIB-4 index
(0.80) and aspartate aminotransferase/platelet ratio index
(APRI) (0.76). AUROC of LF index (0.81) was superior to plate-
lets (0.73), FIB-4 index (0.79) and APRI (0.78) in predicting
minimal fibrosis.

Conclusion: LF index calculated by RTE is useful for predict-
ing liver fibrosis, and diagnostic accuracy of LF index is supe-
rior to serum fibrosis markers.

Key words: chronic hepatitis C, fibrosis, liver fibrosis index,
real-time tissue elastography

INTRODUCTION

N ADVANCED STAGE of liver fibrosis in chronic
hepatitis C (CHC) is associated with hepatocellular
carcinoma development and complications such as
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esophageal variceal bleeding and liver failure.'? There-
fore, accurate evaluation of the stage of liver fibrosis
is most important in clinical practice. Liver biopsy is
considered to be the golden standard for diagnosis
of liver fibrosis.’> However, this method may be inac-
curate because of sampling errors and interobserver
variations.®’

Improvements in a variety of non-invasive methods
for evaluating liver fibrosis have recently emerged as
alternatives to liver biopsy. Liver fibrosis was reportedly
predicted by measurement of liver stiffness using
transient elastography®’ and acoustic radiation force
impulse (ARFI).!>!! As assessed by blood laboratory
tests, the aspartate aminotransferase (AST)/alanine
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aminotransferase (ALT) ratio,'* AST/platelet ratio index
(APRI),**** and FIB-4 index'*'® have been reported to be
useful for the prediction of liver fibrosis. We previously
reported that the FIB-4 index is useful for the prediction
of liver fibrosis progression."”

Real-time tissue elastography (RTE) is a non-invasive
method for the measurement of tissue elasticity using
ultrasonography.'® RTE calculates the relative hardness
of tissue from the degree of tissue distortion and dis-
plays this information as a color image. RTE was
recently reported to be useful for predicting liver fibro-
sis.’*?® To increase the objectivity of the evaluation, an
image analysis method to evaluate the strain image fea-
tures and a new algorithm to deliver an index were
proposed. Liver fibrosis (LF) index is a quantitative
method for evaluation of liver fibrosis that is calculated
by nine RTE image features, and the significance of LF
index for predicting liver fibrosis has been reported.?"*

In the present study, we prospectively investigated the
significance of LF index calculated by RTE for the pre-
diction of liver fibrosis in CHC patients. Further, diag-
nostic accuracy for liver fibrosis was compared between
LF index and serum fibrosis markers.

METHODS

Patients

TOTAL OF 127 consecutive patients with CHC
were prospectively investigated. All patients under-
went liver biopsy at Musashino Red Cross Hospital
between February 2011 and November 2012. Exclusion
criteria comprised the following: (i) co-infection with
hepatitis B virus (n=1); (ii) co-infection with HIV
(n = 1); (iii) history of autoimmune hepatitis or primary
biliary cirrhosis (n=3); (iv) alcohol abuse (intake of
alcohol equivalent to pure alcohol 240 g/day) (n=0);
(v) portal tracts of biopsy sample of less than five
(n=7); and (vi) presence of serious heart disease
(n =0). After exclusion, 115 patients were enrolled in
this study. Written informed consent was obtained from
each patient and the study protocol conformed to the
ethical guidelines of the Declaration of Helsinki and was
approved by the institutional ethics review committees
(application no. 24007).

Histological evaluation

Liver biopsy specimens were laparoscopically obtained
using 13-G needles (n=93). When laparoscopy was
not conducted due to a history of upper abdominal
surgery, percutaneous ultrasound-guided liver biopsy

© 2013 The Japan Society of Hepatology
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was performed using 15-G needles (n = 22). Specimens
were fixed, paraffin-embedded, and stained with
hematoxylin-eosin and Masson-trichrome. A biopsy
sample with minimum portal tracts of five was required
for diagnosis. All liver biopsy samples were indepen-
dently evaluated by two senior pathologists who were
blinded to the clinical data. Fibrosis staging was catego-
rized according to the METAVIR score:* FO, no fibrosis;
F1, portal fibrosis without septa; F2, portal fibrosis with
few septa; F3, numerous septa without cirrhosis; and F4,
cirthosis. Activity of necroinflammation was graded on a
scale of 0-3: A0, no activity; A1, mild activity; A2, mod-
erate activity; and A3, severe activity. Percentage of
steatosis was quantified by determining the average pro-
portion of hepatocytes affected by steatosis and graded
on a scale of 0-3: grade 0, no steatosis; grade 1, 1-33%;
grade 2, 34-66%; and grade 3, 67% and over.

Clinical and biological data

The age and sex of the patients were recorded. Serum
samples were collected within 1 day prior to liver biopsy
and the following variables were obtained through
serum sample analysis: AST, ALT and platelet count.
FIB-4 index and APRI were calculated according to the
published formula appropriate to each measure.’*

RTE and LF index

Real-time tissue elastography was performed using HI
VISION Preirus (Hitachi Aloka Medical, Tokyo, Japan)
and the EUP-L52 linear probe (3-7 MHz; Hitachi Aloka
Medical) within 3 days of liver biopsy. RTE was per-
formed on the right lobe of the liver through the inter-
costal space. An RTE image was induced by heartbeats.
Five RTE images were collected for each patient and
analyzed to calculate nine image features. RTE method
and the equation that calculates LF index using nine
image features has been previously detailed.”* Results
are expressed as mean LF index of all measurements.
Two hepatologists (N. T. and K. Tsuchiya, with 8 and
16 years of experience, respectively) performed RTE. In
32 patients with CHC, LF index was measured indepen-
dently by two examiners. The correlation coefficient of
LF index between two examiners was 0.85 (P <0.001).

Statistical analysis

Correlations between LF index and histological fibrosis
stage were analyzed using Spearman'’s rank correlation
coefficients. Categorical variables were compared using
Fisher's exact test, and continuous variables were com-
pared using Mann-Whitney U-test. P < 0.05 was con-
sidered statistically significant. Logistic regression was
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used for multivariate analysis. Receiver-operator curves
(ROC) were constructed, and the area under the ROC
(AUROC) was calculated. Optimal cut-off values were
selected, to maximize sensitivity, specificity and diag-
nostic accuracy. Sensitivity, specificity, positive predic-
tive value (PPV) and negative predictive value (NPV)
were calculated by using cut-offs obtained by ROC. SPSS
software ver. 15.0 (SPSS, Chicago, IL, USA) was used for
analyses.

RESULTS

Patient characteristics

HE CHARACTERISTICS OF all 115 patients are

listed in Table 1. FO-1 was diagnosed in 52 cases
(45%), F2 in 31 (27%), F3 in 20 (17%) and F4 in 12
(11%). Mean values of LF index of FO (2.62) and F1
(2.60) were not significantly different (P=0.9), and
only six patients with FO were included in this study.
Therefore, patients with FO and F1 were integrated for
the analysis. RTE imaging was successfully performed in
all patients, and LF index was calculated.

Relationship between histological findings
and LF index by RTE

The median value of LF index compared with the
METAVIR fibrosis stage is shown in Figure 1. Median LF

Table 1 Patient characteristics

Characteristics Patients (n=115)
Female/male 68/47
Age (years) 57.9+10.9
AST (IU/L) 55.7 +44.9
ALT (IU/L) 63.2+56.3
Platelet counts (x10°/L) 162+53
Portal tracts of biopsy samples 12.6£5.0
Fibrosis stage

FO-1 (%) 51 (44)

F2 (%) 32 (28)

F3 (%) 20 (17)

F4 (%) 12 (11)
Histological activity

A0 (%) 0(0)

Al (%) 75 (65)

A2 (%) 34 (30)

A3 (%) 6 (5)
Steatosis grade

Grade 0 (%) 65 (57)

Grade 1 (%) 47 (41)

Grade 2 (%) 3(2)

Grade 3 (%) 0(0)

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

RTE and liver fibrosis 3

LF index

FO-1 F2 F3 F4

Figure 1 Correlation between liver fibrosis (LF) index calcu-
lated by real-time tissue elastography and fibrosis stage. Box
plot of the LF index is shown according to each fibrosis stage.
The bottom and top of each box represent the 25th and 75th
percentiles, giving the interquartile range. The line through the
box indicates the median value, and error bar indicates
minimum and maximum non-extreme values.

index in patients with FO-1, F2, F3 and F4 were 2.61,
3.07, 3.54 and 4.25, respectively, demonstrating a step-
wise increase with liver fibrosis progression (P < 0.001).
LF index of each fibrosis stage significantly differed from
each other (FO-1 vs F2, P < 0.001; FO-1 vs F3, P < 0.001;
FO-1 vs F4, P<0.001; F2 vs F3, P=0.009; F2 vs F4,
P =0.001). On the other hand, mean values of LF index
in patients with steatosis grade 0, 1 and 2 were 2.99,
3.29 and 2.60, respectively, demonstrating no signifi-
cant correlation (Fig. 2a). LF index was compared with
steatosis grade for each fibrosis stage. LF index was not
significantly different between patients with steatosis
and without steatosis (Fig. 2b).

Liver fibrosis index was compared with histological
activity. A significant correlation existed between histo-
logical activity and fibrosis stage. Therefore, the relation-
ship between LF index and histological activity was
examined by each fibrosis stage. In patients with FO-1,
the mean LF index of A1, A2 and A3 was 2.60, 2.58 and
2.40, respectively, demonstrating no significant correla-
tion. Similarly, in patients with F2, F3 and F4, there was
no significant correlation between LF index and histo-
logical activity (Fig. 3).

© 2013 The Japan Society of Hepatology
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Figure 2 (a) Correlation between liver fibrosis (LF) index and
steatosis grade. Box plot of the LF index is shown according to
each steatosis grade. The bottom and top of each box represent
the 25th and 75th percentiles, giving the interquartile range.
The line through the box indicates the median value, and error
bar indicates minimum and maximum non-extreme values.
(b) Box plot of LF index for each fibrosis stage in relation to
degree of steatosis grade. The bottom and top of each box
represent the 25th and 75th percentiles, giving the interquar-
tile range. The line through the box indicates the median value,
and error bar indicates minimum and maximum non-extreme
values. Dark grey bar chart indicates steatosis grade 0. Light
grey bar chart indicates steatosis grade 1-2.
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Figure 3 Box plot of liver fibrosis (LF) index for each fibrosis
stage in relation to degree of necroinflammatory activity. The
bottom and top of each box represent the 25th and 75th
percentiles, giving the interquartile range. The line through
the box indicates the median value, and error bar indicates
minimum and maximum non-extreme values. Dark grey bar
chart indicates activity grade 1. Light grey bar chart indicates
activity grade 2. White bar chart indicates activity grade 3.

Comparison of variables associated with
the presence of advanced fibrosis (F3~4) by
univariate and multivariate analysis

Variables associated with the presence of advanced
fibrosis (F3-4) were assessed by univariate and multi-
variate analysis (Table 2). The variables of age (P = 0.03)
and LF index (P < 0.001) were significantly higher, and
the variable of platelets (P <0.001) was significantly
lower in patients with advanced fibrosis than in
patients with FO-2. Multivariate analysis showed that
LF index (odds ratio [OR]=5.3, 95% confidence
interval [CI] =2.2-13.0) and platelets (OR=10.78, 95%
CI = 0.68-0.89) were independently associated with the
presence of advanced fibrosis.

Comparison of variables associated with
the presence of minimal fibrosis (FO-1) by
univariate and multivariate analysis

Variables associated with the presence of minimal fibro-
sis (FO-1) were assessed by univariate and multivariate
analysis (Table 3). The variables of age (P < 0.001), AST
(P=0.02) and LF index (P < 0.001) were significantly
lower, and the variable of platelets (P < 0.001) was sig-
nificantly higher in FO-1 patients than F2-4 patients.
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Table 2 Variables associated with the presence of advanced fibrosis (F3-4) by univariate and multivariate analysis

F0-2 (n=83) F3-4 (n=32) P-value Odds ratio (95% CI)
(Univariate) (Multivariate)
Age (years) 56.6%£10.9 61.3+10.4 0.03
Sex (female/male) 51/32 17/15 0.41
AST (IU/L) 52.3+43.3 64.4+483 0.19
ALT (IU/L) 62.9%60.6 63.9+44.2 0.93
Platelets (x10°/L) 179 + 47 117 +42 <0.001 0.78 (0.68-0.89)
LF index 2.81+0.69 3.86+0.81 <0.001 5.30 (2.16-13.0)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; LF, liver fibrosis.

Multivariate analysis showed that LF index was indepen-
dently associated with the presence of minimal fibrosis
(OR=0.25, 95% CI=0.11-0.55).

Diagnostic accuracy of RTE and serum
fibrosis markers

Receiver-operator curves of LF index, platelets, FIB-4
index and APRI for predicting advanced fibrosis (F3-4),
and minimal fibrosis (FO-1) were plotted, as shown in
Figure 4. AUROC of LF index for predicting advanced
fibrosis (0.84) was superior to platelets (0.82), FIB-4
index (0.80) and APRI (0.76). Similarly, for predicting
minimal fibrosis, AUROC of LF index (0.81) was supe-
rior to platelets (0.73), FIB-4 index (0.79) and APRI
(0.78). The corresponding sensitivities, specificities, PPV
and NPV are detailed in Table 4.

DISCUSSION

MPROVEMENTS IN VARIOUS methods for predic-
tion of liver fibrosis have recently emerged as alterna-
tives to liver biopsy. RTE is a non-invasive method for
the measurement of tissue elasticity using ultrasonogra-
phy. The utility of RTE for evaluating liver fibrosis is
reported in a few studies.'®*-?> However, for utilizing LF

index, one of the equations used to calculate tissue elas-
ticity by RTE is still unclear. The aim of this study was to
investigate the significance of LF index for the prediction
of liver fibrosis in CHC patients.

In this prospective study, we found that LF index is a
useful predictive factor for diagnosis of the fibrosis stage
in CHC patients. Increase in LF index significantly cor-
related with progression of the fibrosis stage and LF
index was able to predict the presence of advanced fibro-
sis and minimal fibrosis. Previous studies reported the
utility of LF index for prediction of the liver fibrosis
stage.??? In this study, LF index differed significantly
between patients with FO-1 and F2; thus, LF index was
especially useful for prediction of minimal fibrosis. This
may be due to a sufficient number of patients with FO-1
and F2 included in the present study. This is an advan-
tage of LF index because other quantitative methods by
RTE could not discriminate patients with FO-1 and
F2.12%0 On the other hand, there is a possibility that a
similar result may be obtained for differentiation of F3
and F4 if a large number of patients with advanced
fibrosis was included.

Previous studies did not compare the diagnostic accu-
racy of LF index and serum fibrosis markers. We revealed
that LF index performed better than serum fibrosis

Table 3 Variables associated with the presence of minimal fibrosis (FO-1) by univariate and multivariate analysis

FO0-1 (n=51) F2-4 (n=064) P-value Odds ratio (95% CI)
(Univariate) (Multivariate)

Age (years) 54.0+11.9 61.0+9.0 <0.001

Sex (female/male) 31/20 37/27 0.74

AST (IU/L) 4454426 64.6 £44.9 0.02

ALT (IU/L) 53.0+56.3 71.3+555 0.08

Platelets (x10°/L) 186 £ 47 142+ 50 <0.001

LF index 2.60£0.59 3.51+0.84 <0.001 0.25 (0.11-0.55)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; LF, liver fibrosis.

© 2013 The Japan Society of Hepatology
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Figure 4 Receiver-operator curves (ROC) of liver fibrosis (LF)
index and serum fibrosis markers. (a) ROC for diagnosis of
significant fibrosis (F3-4). (b) ROC for diagnosis of minimal

fibrosis (FO-1). —, LF index; ----, platelets; —, aspartate
aminotransferase-to-platelet ratio index; - -, FIB-4 index.

markers based on blood laboratory tests for predicting
liver fibrosis.

Transient elastography has been most commonly
used to measure liver stiffness and is established in
clinical practice to evaluate liver fibrosis.®® RTE exhibits
some advantages compared with transient elastogra-
phy. In this study, RTE imaging was successfully per-
formed in all patients, and LF index was calculated.
Although transient elastography has high diagnostic

© 2013 The Japan Society of Hepatology
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capabilities when it comes to liver fibrosis, measure-
ments are sometimes impossible in patients with severe
obesity and ascites.”® Reproducibility of transient
elastography was reportedly lower in patients with
steatosis, inflammation, increased body mass index
and lower degrees of liver fibrosis.”>*” On the other
hand, LF index is measured by ultrasound guidance
that facilitates the identification of a suitable location
for elastographic measurement, thereby resulting in a
higher number of patients with valid results.

Unlike transient elastography, another advantage of
LF index is that the results are not influenced by the
presence of inflammation and steatosis. It was reported
that LF index is not useful in patients with steatosis.??
However, LF index was not significantly different
between patients with and without steatosis in the
present study even after stratification by fibrosis stage.
Thus, LF index was useful for prediction of fibrosis in
CHC patients regardless of steatosis. Because LF index of
each activity grade and steatosis grade did not differ
from each other, estimation of liver fibrosis by LF
index demonstrated higher reproducibility than tran-
sient elastography.

In previously reports, diagnostic accuracy of liver
fibrosis using RTE was inferior to transient elastogra-
phy;*® however, other studies have reported contrasting
results.” The reason for this variability is probably
because RTE technology and the equations used to cal-
culate tissue elasticity are rapidly changing. The utility of
elastic ratio, another RTE method for evaluation of liver
fibrosis, was reported.?® The elastic ratio is the ratio
between the tissue compressibility of the liver and that
of the intrahepatic small vessel. The AUROC of elastic
ratio for predicting advanced fibrosis was 0.94 and was
superior to LF index. Further, ARFI and real-time shear
wave elastography were reported to have a high diag-
nostic accuracy of liver fibrosis.'*'"* There are currently
no studies that directly compare LF index and those
methods for diagnostic value of liver fibrosis. Therefore,
further studies are needed to fully explore the potential
of RTE, especially with regard to LF index.

Our study had several limitations. The number of
patients with advanced fibrosis was small. The potential
of LF index to differentiate patients with F3 and F4
needs to be explored with a large number of patients.
Further, validation study is needed to evaluate the diag-
nostic accuracy of fibrosis stage, especially in compari-
son with other modalities.

In conclusion, LF index calculated by RTE is useful for
predicting liver fibrosis, and diagnostic accuracy of LF
index is superior to that of serum fibrosis markers.
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Table 4 Diagnostic performance of LF index and serum fibrosis markers

FO-2 vs F3-4 FO-1 vs F2-4
AUROC  Sensitivity  Specificity PPV NPV AUROC  Sensitivity =~ Specificity PPV NPV
(%) (%) (%) (%) (%) (%) (%) (%)
LF index 0.84 90.6 71.1 54.7 95.2 0.81 84.3 70.3 69.4 84.9
Platelets 0.82 87.5 66.3 50.0 93.2 0.73 80.4 59.4 61.2 79.2
FIB-4 index 0.80 71.9 81.9 60.5 88.3 0.79 54.9 90.6 82.3 71.6
APRI 0.76 87.5 61.4 46.7 92.7 0.78 64.7 85.9 78.6 75.3

APRI, aspartate aminotransferase/platelet ratio index; AUROC, area under the receiver-operator curve; NPV, negative predictive value;
PPV, positive predictive value.
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1. INTRODUCTION

ECENTLY, THE MANAGEMENT of chronic hepati-

tis C virus (HCV) has been greatly advanced with
introduction of direct-acting antiviral agents (DAAs) in
clinical setting. In Japan, the first DAA, telaprevir (TVR),
was approved for patients with chronic hepatitis C in
2011. Along with this, the Japan Society of Hepatology
(JSH) produced the first clinical practice guideline for
the management of HCV infection, “Guidelines for the
Management of Hepatitis C Virus Infection” in May
2012 (English version, 2013"). It is our great pleasure
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that these Guidelines were welcomed and utilized by
physicians and other health care providers in daily clini-
cal practices in Japan.

Meanwhile, in September 2013, a second-generation
DAA, simeprevir (SMV), was approved for use in Japan.
According to Phase III trials in Japan and overseas, SMV
has a robust therapeutic effect with better safety profiles
compared to TVR. As a result, we have decided to update
the clinical guidelines for HCV with launch of this new
DAA. SMV has now been approved for use in patients
with chronic hepatitis C with genotype 1 and high viral
load, and therefore these current Guidelines are updated
for patients in this group.

As stated in the previous Guidelines, this is a field that
changes rapidly with the accumulation of new evidence,
and evidence levels are not shown in the recommenda-
tions. At present, several other therapeutic agents are
expected to be approved for daily use and we plan to
revise these guidelines at appropriate intervals, as new
evidence comes to hand.

2. SIMEPREVIR (SMV)

NHIBITORS OF HEPATITIS C virus (HCV) NS3-4A

protease are classified into 2 groups on the basis
of their molecular structures, linear inhibitors with
no branches and macrocyclic inhibitors containing
macrocycles. Macrocyclic small molecule compounds
show superior affinity and selectivity for therapeutic
target proteins.? Whereas TVR is a first-generation
protease inhibitor with linear structure, SMV is a
second-generation protease inhibitor with macrocyclic
structure discovered during the optimization process for
early protease inhibitors.? In vitro resistance testing has
yielded different drug resistance profiles, due to their
different structures, with cross resistance to SMV seen in
TVR resistant mutations at amino acids 155 and 156,
whereas mutations at amino acids 36, 54 and 170 were
sensitive to SMV, and mutations at amino acids 80 and
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168 resistant to SMV alone.* Pharmacokinetic studies
have shown that once daily administration of SMV
provides effective plasma levels 24 h post-dose.” SMV
shows inhibitory activity against HCV genotypes 1, 2, 4,
5 and 6, with particularly strong anti-proliferative action
against genotypes 1la and 1b. In September 2013, the
use of SMV in clinical setting was approved in combi-
nation with Peg-IFN + RBV in patients with chronic
hepatitis C with genotype 1 and a high viral load
(=5.0 log IU/mL).

2.1 Therapeutic results

Phase II trials of SMV + Peg-IFN + RBV combination
therapy for genotype 1 chronic hepatitis C include the
Japanese DRAGON study (treatment-naive patients),®
and the overseas PILLAR study (treatment-naive
patients)” and the ASPIRE trial (relapsers following pre-
vious treatment and non-responders to previous treat-
ment).’ Based on the results of these studies, the SMV
dosage was set at 100 mg once daily for clinical phase
1I studies in Japan, and 150 mg once daily for over-
seas studies. Published Japanese clinical phase III
studies comprise the CONCERTO-1 (treatment-naive
patients),” CONCERTO-2 (non-responders to previous
treatment),’® CONCERTO-3 (relapsers following pre-
vious treatment),’® and CONCERTO-4 (treatment-
naive patients, non-responders, and relapsers) trials.!

Hepatology Research 2014; 44 (Suppl. 1): 59-70

Published overseas clinical phase III studies comprise
the QUEST-1 (treatment-naive patients),> QUEST-2
(treatment-naive patients),'®> and PROMISE (relapsers)
studies.’* The subjects for the Japanese clinical trials
were patients with chronic hepatitis C (excluding cirtho-
sis) with genotype 1 and a high viral load (=5.0 log
IU/mL), aged 20-70 years (Table 1).

2.1.1 Treatment-naive patients

The protocol for the Japanese CONCERTO-1 trial,®
conducted with IFN-naive subjects, administered SMV
100 mg once daily + Peg-IFNa-2a + RBV triple therapy
for the first 12 weeks, then Peg-IFNo-2a+ RBV dual
therapy for 12 or 36 weeks according to the response-
guided therapy (RGT). Using this RGT, subjects with
HCV RNA < 1.2 log IU/mL or undetectable after 4
weeks’ treatment, and undetectable after 12 weeks, were
administered Peg-IFNa-2a+ RBV for 12 weeks (total
treatment duration 24 weeks), and all other subjects for
36 weeks (total treatment duration 48 weeks). As a
result, 99% of subjects met the response-guided criteria,
and underwent 24 weeks of treatment. The SVR24
rate was 89% (109/123) for the triple therapy group,
significantly higher than that of 57% (34/60) in the
control group (Fig. 1).

Peg-IFNo.-2b was used in the CONCERTO-4 trial,"!
conducted with IFN-naive subjects, the same response-

Table 1A Characteristics of patients enrolled in CONCERTO-1/2/3

Treatment-naive Non-responders Relapsers
SMV 12W PBO SMV 12W SMV 24W SMV 12W
(n=123) (n=160) (n=53) (n=53) (n=49)
male, % 31.7 40.0 50.9 49.1 40.8
age * 56 (23-69) 54.5 (30-69) 60 (30-70) 60 (24-70) 61 (22-70)
265, % 17.9 16.7 26.4 22.6 24.5
BMI, kg/m? * 22.0 (16.9-32.9) 22.5(17.3-33.2) 223 (16.8-29.5) 21.9 (19.2-33.4) 22.3(17.9-32.2)
IL28B SNP (1s8099917), %
TT 61.7 70 15.1 11.3 71.4
TG 31.7 28.3 83 86.8 28.6
GG 1.6 1.7 1.9 1.9 0
HCV genotype 1b, % 98.4 98.3 100 94.3 98
HCV RNA at baseline, 6.3 (4.5-7.2) 6.4 (3.3-7.4) 6.4 (4.6-7.3) 6.4 (5.1-7.0) 6.5 (5.0-7.0)
LogIU/mL *
previous IEN Tx
IFN mono 7.5 3.8 4.1
IEN+RBV 7.5 7.5 8.2
Peg-IFN mono 0 1.9 4.1
Peg-IFN+RBV 84.9 86.8 83.7

* expressed as median (range).
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Table 1B Characteristics of patients enrolled in CONCERTO-4
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Treatment-naive

Non-responders

Relapsers

SMV 12W SMV 12W SMV 12W, PR 48W
(n=24) (n=29) (n=26)
male, % 33.3 55.2 50
age * 60 (37-68) 60 (38-70) 53 (45-69)
265, % 20.8 31 15.4
BMI, kg/m? * 23.0 (18.1-30.2) 22.5 (18.1-31.9) 22.4 (16.9-34.3)

IL28B SNP (1s8099917), %
T
TG
GG
HCV genotype 1b, %
HCV RNA at baseline, LogIU/mL *

66.7
333

0
100

6.6 (5.4-7.0)

previous IFN Tx
IFN mono
IEN+RBV
Peg-IFEN mono
Peg-ITFN+RBV

89.7 7.7
10.3 80.8
0 115
100 96.2
6.6 (4.9-7.4) 6.5 (5.1-7.4)
34 0
0 115
0 0
96.6 88.5

* expressed as median (range).

guided criteria were set, all subjects met the criteria and
underwent 24 weeks of treatment, yielding an SVR24
rate of 92% (22/24) (Fig. 2).

In the overseas QUEST-1 study,’? subjects were
administered SMV 150 mg once daily+ Peg-IFNo-
2a + RBV triple therapy for the first 12 weeks, then
response-guided criteria were set as for the
CONCERTO-1 trial, with 85% of subjects meeting

100, P<0.0001  P<0.0001
90. 89 89

Response rate (%)
[&)]
o

Relapse  Breakthrough

SVR12 SVR24

Figure 1 Therapeutic results for SMV + Peg-IFNo-2a + RBV
triple  therapy for treatment-naive patients (from
CONCERTO-1 trial®). B, SMV + Peg-IFNo-2a + RBV; Peg-
IFNa-2a + RBV.

the criteria and undergoing 24 weeks of treatment.
The overall SVR12 rate was 80%; 71% (105/147) in
genotype 1la and 90% (105/117) in genotype 1b. The
QUEST-2 study® set two groups, with either Peg-
IFN0-2a or Peg-IFNa-2b, otherwise following the same

Response rate (%)

23

reakthrough

SVR12  SVR24

Figure 2 Therapeutic results for SMV + Peg-IFNo-2b + RBV
triple therapy for treatment-naive patients, non-responders,
and relapsers (from CONCERTO-4 trial"'). B, treatment-naive
cases; 7, relapsers; &, non-responders. Total treatment dura-
tion was 24W for treatment-naive and relapsers, and 48W for
non-responders.

Relapse
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protocol as the QUEST-1 study for treatment durations.
As a result, 91% of subjects met the criteria and under-
went 24 weeks of treatment. The overall SVR12 rate was
81%; 80% (86/107) and 82% (123/150) in genotype la
and 1b, respectively. The SVR12 rate for Peg-IFNo-2a
and Peg-IFNa-2b was 88% and 78%, respectively. In
both these studies, triple therapy including SMV yielded
significantly higher SVR rates than for 48 weeks of Peg-
IFN + RBV dual therapy.

In this way, clinical trials of SMV-based triple therapy
regimens were conducted using a response-guided pro-
tocol that set a treatment duration of 24 or 48 weeks,
with almost all subjects meeting the criteria for the
shorter duration. The SVR rate for IFN-naive subjects in
the Japanese studies was 89-92%, and in the overseas
studies it was 82-90% for genotype 1b, significantly
higher than the SVR rate in the control groups admin-
istered 48 weeks of Peg-IFN + RBV dual therapy.

2.1.2 Relapsers following previous treatment

The Japanese CONCERTO-3 trial,’ conducted with
subjects who relapsed following previous IFN therapy,
was conducted using a similar protocol to the
CONCERTO-1 trial.®> All subjects met the response-
guided criteria and underwent 24 weeks of treatment,
yielding an SVR24 rate of 90% (44/49) (Fig.3).
Similarly, the CONCERTO-4 trial,"! conducted with
relapsers, followed a similar therapeutic protocol to the
CONCERTO-3 trial,'® using Peg-IFNa-2b. All subjects
met the response-guided criteria and underwent 24
weeks of treatment, yielding an SVR24 rate of 97%
(28/29) (Fig. 2).

100
90 -
80
70
60 -
50
40
30 -
20-
10-

0 -

90

Response rate (%)

13

Breakthrough

SVR Relapse

Figure 3 Therapeutic results for SMV + Peg-IFNo-2a + RBV
triple therapy for non-responders and relapsers (from
CONCERTO-2 and CONCERTO-3 trials'®). &, relapsers; &,
non-responders (SMV for 12 wks); &, non-responders (SMV
for 24 wks).
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The overseas PROMISE study, conducted with
relapsers, was performed using a similar protocol to the
QUEST-1 study. As a result, 93% of subjects met the
response-guided criteria and underwent 24 weeks of
treatment. The overall SVR12 rate was 79%; 70% (78/
111) in genotype la and 86% (128/149) in genotype
1b.

In this way, in clinical trials of SMV-based triple
therapy regimens with relapsers following previous IFN
therapy, majority of subjects met the response-guided
criteria and underwent 24 weeks of treatment. The SVR
rate for the Japanese studies was 90-97%, and in the
overseas studies it was 86% for genotype 1b, signifi-
cantly higher than the SVR rate in the control groups
administered 48 weeks of Peg-IFN + RBV dual therapy.

2.1.3 Non-responders to previous treatment

In the Japanese CONCERTO-2 trial,'® non-responders to
previous IFN therapy were administered SMV + Peg-
IFNo-2a + RBV triple therapy for 12 weeks (SMV 12W
group) or 24 weeks (SMV 24W group). The total treat-
ment duration for both groups was set using response-
guided criteria similar to those for the CONCERTO-1
trial,” with 96% and 98% of subjects, who completed 24
weeks of treatment respectively, meeting the criteria and
finishing the treatment at 24 weeks. The SVR24 rate was
51% (27/53) for the SMV 12W group, and 36% (19/53)
for the SMV 24W group (Fig. 3). In the CONCERTO-4
trial,"* non-responders were administered SMV + Peg-
IFNo-2b + RBV triple therapy for 12 weeks, followed by
Peg-IEN0.-2b + RBV dual therapy for 36 weeks, for a
total treatment duration of 48 weeks. The SVR24 rate
was 38% (10/26) (Fig. 2).

Although the Japanese CONCERTO-2*° and
CONCERTO-4" trials were conducted with non-
responders, they did not conduct any further analyses
subdividing non-responders into partial responders,
with a decrease in the HCV RNA level by >2 log IU/mL
at week 12 of the previous treatment, and null respond-
ers, with a decrease < 2 log IU/mL. On the other hand,
the overseas phase II ASPIRE trial,® conducted with
relapsers and non-responders, reported therapeutic
results separately for partial responders and null
responders. This trial assigned subjects to one of 3
groups, all with a total treatment period of 48 weeks.
They were administered SMV + Peg-IFNw-2a + RBV
triple therapy for 12 weeks or 24 weeks, followed by
Peg-IENo-2a + RBV dual therapy for the remaining time,
or triple therapy for the entire 48 weeks. SMV was
administered in a daily dosage of either 100 mg or
150 mg. The SVR rate for the SMV 12, 24 and 48 week
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Table 2 Drugs contraindicated for co-administration with
SMV (reproduced from®®)

Generic name Trade name
Efavirenz Stocrin
Rifampicin Rifadin
Rifabutin Mycobutin

groups was 70%, 66% and 61%, respectively, at the
100 mg dosage, and 67%, 72% and 80% at the 150 mg
dosage, with no difference seen between groups due to
treatment duration. The SVR rate in relapsers was 85%
for both the 100 mg and 150 mg dosages. On the other
hand, the SVR rate for partial responders and null
responders was 57% and 46%, respectively, at the
100 mg dosage of SMV, and 75% and 51% at the
150 mg dosage. This indicates that within the non-
responders, a higher SVR rate is achieved in partial
responders than in null responders. In particular, if we
confine the analysis to genotype 1b, common in Japa-
nese patients, the SVR rate for partial responders and
null responders was 68% and 56%, respectively, at the
100 mg dosage of SMV, and 88% and 58% at the
150 mg dosage. In genotype 1a, the SVR rate for partial/
null responders was 56%/33% at 100 mg and 42%/33%
at 150 mg.?

Recommendations

® The SVR rate in IFN-naive subjects was significantly
higher for SMV + Peg-IFN + RBV triple therapy than
for Peg-IEN + RBV dual therapy for 48 weeks.

e A high SVR rate of 90-97% was achieved with
SMV + Peg-IFN + RBV triple therapy in relapsers fol-
lowing previous IFN therapy.

* An SVR rate of 36-51% was achieved with SMV + Peg-
IEN + RBV triple therapy in non-responders to previous
IFN therapy.

o In an overseas trial, subanalysis of non-responders to
previous IFN therapy showed a higher SVR rate in
partial responders than in null responders, although
there is no data available regarding Japanese subjects.

2.2 Adverse reactions

In the CONCERT-1 trial,’ the treatment completion rate
was 92.7%. Only 4.9% of subjects in the triple therapy
group discontinued treatment due to adverse events, as
against 8.3% of subjects in the Peg-IFNa-2a + RBV dual
therapy group, with no significant difference between
groups.

Elevated bilirubin levels were seen in 40.7% of sub-
jects administered SMV, but these were mild, transient

Updated Guidelines for HCV Genotype 1 63

increases not associated with elevated AST or ALT levels.
Bilirubin levels in grade 1 (1.1-1.5 mg/dL) were seen in
25.2%, grade 2 (1.6-2.5 mg/dL) in 14.6%, and grade 3
(2.6-5.0 mg/dL) in 0.8%, with no cases of grade 4
(> 5.0 mg/dL). Elevated bilirubin levels are reported to
be caused by inhibition of hepatic transporter activity by
SMV. 1

The type and incidence of adverse reactions, including
anemia, skin conditions, renal dysfunction, hyperurice-
mia, malaise, and gastrointestinal symptoms, were
similar for SMV + Peg-IFN + RBV triple therapy and for
Peg-IFN + RBV dual therapy. The incidence and degree
of anemia was similar for both treatment groups; for the
SMV-based triple therapy group, the lowest hemoglobin
level was 210.6 g/dL in 29.3% of subjects, grade 1
anemia (Hb 9.5-10.5 g/dL) in 41.5%, grade 2 anemia
(8.0-9.4 g/dL) in 29.3%, and no cases of grade 3
anemia (<8.0 g/dL).

Skin conditions were reported in 57.7% of subjects,
all grade 1 or 2, with similar incidences, degrees of
severity, and discontinuation rates in the two treatment
groups. No serious cutaneous reactions, such as Stevens-
Johnson syndrome (SJS) or drug-induced hypersensitiv-
ity syndrome (DIHS), were reported.

Recommendations

® A transient, mild elevation in bilirubin levels may be
seen in patients undergoing SMV + Peg-IFN + RBV
triple therapy, caused by inhibition of hepatic trans-
porter activity.

e The type and incidence of other adverse reactions are
similar to those seen with Peg-IFN + RBV dual therapy,
yielding high completion rates.

2.3 Drug interactions

Since SMV is mainly metabolized by CYP3A,
co-administration with inhibitors or inducers of
CYP3A may affect plasma levels of SMV. In particular,
co-administration with strong inducers of CYP3A may
enhance the metabolism and markedly lower plasma
SMV levels, resulting in attenuating the therapeutic
effects. As a result, co-administration of drugs listed
in Table 1 is contraindicated.'®

In addition, since SMV inhibits OATP1B1 and
P-glycoprotein, co-administration with drugs trans-
ported through these channels may reduce plasma levels
of those drugs. The package insert should be referred to
before administrating SMV.

Recommendations
¢ Since SMV is mainly metabolized by CYP3A and inhib-
its OATP1A1 and P-glycoprotein, co-administration of
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