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SUMMARY. The FIB-4 index is a simple formula to predict
liver fibrosis based on the standard biochemical values (AST,
ALT and platelet count) and age. We here investigated the
utility of the index for noninvasive prediction of progression
in liver fibrosis. The time-course alteration in the liver
fibrosis stage between paired liver biopsies and the FIB-4
index was examined in 314 patients with chronic hepatitis
C. The average interval between liver biopsies was 4.9 years.
The cases that showed a time-course improvement in the
fibrosis stage exhibited a decrease in the FIB-4 index, and

those that showed deterioration in the fibrosis stage exhib-.

ited an increase in the FIB-4 index with a significant corre-
lation (P < 0.001). Increase in the AFIB-4 index per year
was an independent predictive factor for the progression in

liver fibrosis with an odds ratio of 3.90 (P = 0.03). The area
under the receiver operating characteristic curve of the
AFIB-4 index/year for theprediction of advancement to
cirrhosis was 0.910. Using a cut-off value of the AFIB-4
index/year <0.4 or 20.4, the cumulative incidence of fibrosis
progression to cirrhosis at 5 and 10 years was 34% and
59%, respectively in patients with the AFIB-4 in.dex/yeaf
>0.4, whereas it was 0% and 3% in those with the AFIR-4
index/year <0.4 (P < 0.001). In conclusion, measurement
of the time-course changes in the FIB-4 index is useful for
the noninvasive and real-time estimation of the progression
in liver fibrosis.

Keywords: FIB-4, fibrosis, HCV, noninvasive.

"~ INTRODUCTION

Advanced stage of liver fibrosis in chronic hepatitis C is
associated with failure of interferon therapy or development
of major concomitant disease such as variceal bleeding, liver
failure and hepatocellular carcinoma [1-3]. Therefore,

evaluation of the stage of liver fibrosis is essential in clinical .

practice. Liver biopsy is the gold standard for diagnosis of
liver fibrosis [4,5], but inaccuracy in evaluation of fibrosis

because of sampling errors [6~8] or by the inter-observer - -

variation has been reported [9].. Real-time assessment of liver

fibrosis may be clinically useful, but the invasiveness of liver

biopsy precludes repeated examinations.

A variety of noninvasive methods to diagnose liver fibrosis
have been proposed. Recently, transient elastography [10-1 3]
and real-time tissue elastography [14] using ultrasonography

Abbreviations: ALT, alanine aminotransferase; AST, aspirate ami-
notransferase; HBV, hepapitis B virus; HCV, hepatitis C virus; HIV,
human immunodeficiency virus. :
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have been developed, but these modalities are not widely
available. For blood tests, the aspartate aminotransferase
(AST)/alanine aminotransferase (ALT) ratio [15], the AST/
platelet ratio index (APRI) [16,17] and the Fibrotest [18,19]
have been reported to be useful. The FIB-4 index is another
prediction value of liver fibrosis in chronic hepatitis C based on
the standard biochemical values and age. The FIB-4 index has
been reported to be markedly useful for the prediction of
advanced liver fibrosis [20,21]. Given its noninvasiveness and
simplicity, the FIB-4 index has the advantage of an easy follow-
up of the time-course changes by repeated measurements.

In the present study, we investigated the utility of the real-
time assessment of the FIB-4 index for the prediction of time-
course progression in liver fibrosis.

PATIENTS AND METHODS

Patients

A total of 421 patients with chronic hepatitis C who had”
repeated liver biopsies between 1991 and 2010 at the

. Musashino Red Cross hospital were consecutively investi-

gated. All patients received interferon therapy after the first
biopsy and had nonsustained virological response. A second

© 2012 Blackwell Publishing Itd
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biopsy was performed at least 6 months after the completion

of interferon therapy. Exclusion criteria were as follows: (i)
co-infection with HBV or HIV (n = 1), (ii) alcohol abuse
(intake of alcohol equivalent to pure alcohol 40 g/day or
more) (n = 8), (iii) the presence of nonalcoholic steatohep-

atitis (n = 14), (iv) the presence of hepatocellular carcinoma -

(n=15), (v) interval between paired biopsies was
<1.5years (n=41) and (vi) length of biopsy sample
<15 mm (n = 28). The demographic characteristics of the
314 patients enrolled are shown in Table 1.

Assessment of liver fibrosis stage

Liver biopsy was carried out under laparoscopic or ultraso-
nographic guidance. A sample 15 mm or larger was col-
lected and evaluated. The fibrosis stage was categorized
according to the METAVIR score: FO, no fibrosis; F1, portal
fibrosis without septa; F2, portal fibrosis with few septa; F3,
pumerous septa without cirrhosis; and F4, cirrhosis. Two
pathologists examined all samples and determined the
fibrosis stage. When stdaging was inconsistent between the
two pathologists, an appropriate stage was determined by
discussion between the two. '

Calculation of FIB-4 index

The FIB-4 index at the time of each liver biopsy was calcu-
lated based on the blood test results within 1 month before

Table 1 Clinical background of patients

First biopsy Second biopsy
Age (years) 53.7 £ 9.8 58.7%t 9.4
Gender (male/female) 149/165
AST (IU/L) 64.5 +36.7  58.5+37.7
ALT (IU/L) 87.7 £ 58.9 69.9 £ 53.9
Platelet counts (x 10°/L) 165 + 48 159 + 48

Histological findings
Activity: 0/1/2/3
Fibrosis: 0-1/2/3/4

Interval of between

biopsies (years)

38/143/117/16 10/147/131/26
139/107/61/7 134/101/63/16
49+29 -

AST, aspartate aminotransferase; ALT, alanine amino-
transferase.

Table 2 Changes of fibrosis stage over time

FIB-4 and fibrosis progression 73

liver biopsy according'to the following formula: The FIB-4
index = (age [years] x AST [IU/L])/(platelet count [10°/L]
X (ALT [IU/L])'?). Change in the FIB-4 index per year
(AFIB-4 index/year) was calculated by the following for-
mula: AFIB-4 index/year = (the FIB-4 index at the second
liver biopsy — the FIB-4 index at the first liver biopsy)/
interval between paired biopsies (years). Change in AST,
ALT, platelet counts per year (AAST/year, AALT/year,
APlatelet counts/year) and the degree of changes in the
fibrosis stage per year were calculated similarly.

Statistical analysi.é

The SPSS software package 15.0 (SPSS Inc, Chicago, IL,
USA) was used for statistical analysis. Categorical data were
analysed using Fisher’s exact test. Continuous variables were
compared with Student’s i-test. Factors associated with the
progression in liver fibrosis were analysed by multivariate
logistic regression analysis. Association between progression
in fibrosis stage and ‘changes in the FIB-4 was analysed by
Spearman’s rank correlation test. Kaplan—-Meier method and’
log-rank test were used to analyse time to occurrence of
fibrosis progression to cirrhosis. A P-value of < 0.05 was
considered statistically significant. -

RESULTS

Changes in liver fibrosis stage overtime

The clinical backgrounds of patients at the first and second
biopsies are shown in Table 1. The average interval was
4.9 years between the two liver biopsies. The fibrosis stage
progressed over time in 23%, regressed in 17% and remained
unchanged in 60%. Changes of fibrosis stage stratified by the
fibrosis stage at the first liver biopsy are shown in Table 2.

Comparison of FIB-4 index and liver fibrosis stage

For the prediction of advanced liver fibrosis (F3—4), a FIB-4
index <1.45 had a negative predictive value of 97%,
whereas a FIB-4 > 3.25 had a positive predictive value of
49% at first biopsy. Similarly, a FIB-4 < 1.45 had a negative
predictive value of 98%, and a FIB-4 > 3.25 had a positive
predictive value of 54% at second biopsy (Fig. 1).

Fibrosis stage at second biopsy

Fibrosis stage at first biopsy FO-1 (%) F2 (%) F3 (%) F4 (%) Total
FO-1 98 (71) 33 (24) 8 (5) - 139
P2 33 31) 50 (47) 21 (20) 3(2) 107
F3 . 3(5) 18 (29) 33 {55) 7 (11) 61
- 1(14) 6 (86) 7

F4 . -

© 2012 Blackwell Publishing Ltd
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{a) F3-4  BFO-2 : (b) ‘WFO-2
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Fig. 1 Comparison of the FIB-4 index and liver fibrosis -
stage. Patients were categorized into three groups according
to the FIB-4 index using cut-off values of < 1.45, 1.45-
3.25, >-3.25 at liver biopsy. The lower bar chart (dark
grey) indicates patients with FO-2, while the upper bar
chart (light grey) indicates patients with F3—4. (a) com-
parison of the FIB-4 index and liver fibrosis stage at first
“biopsy and (b) at second biopsy.

Predictive factors for the progression of fibrosis

Higher level of AAST/year, lower level of AALT/year, lower
level of APlatelet counts/year and higher level of the AFIB-4/
year were significantly associated with the progression of
fibrosis overtime (Table 3). Multivariate analysis demon-
strated that only the AFIB-4 index/year was an independent

Table 3 Factors associated with the progression of liver fibrosis

581

predictive factor for the progression of fibrosis stage
(P = 0.03) with an odds ratio of 3.70 (95% C1:1.07-12.5).

Correlation between the degree of changes in the fibrosis
stage and the AFIB-4 index per year )

When the patients were categorized into five groups
according to the degree of changes in the fibrosis stage per
year (< —-0.2, =0.2 - < 0, 0, > 0 — 0.2 and > 0.2), median
value of the AFIB-4 index/year was —0.29, —0.02, 0.04,
0.16 and 0.47, respectively. The FIB-4 index reduced along
the regression of the fibrosis stage, while the FIB-4 index
increased along the progression of the fibrosis stage, which
showed a significant correlation (P < 0.001) (Fig. 2).

Prediction of progression to cirrhosis by the changes in the
FIB-4 index per year -

The area under the receiver operating characteristic curve of
the AFIB-4 index/year for the prediction of advancement to
cirrhosis was 0.910. By the AFIB-4 index/year of 0.4, the
sensitivity and specificity for the prediction of advancement
to cirrhosis was 80% and 91%. The cumulative incidence of
fibrosis progression to cirrhosis, at 5 and 10 years, was 34%
and 59%, respectively, in patients with the AFIB-4 index/
year >0.4, whereas it was 0% and 3% in those with the
AFIB-4 index/vear <0.4 (P < 0.001) (Fig. 3).

DISCUSSION

Recently, noninvasive markers of liver fibrosis have been
used as a predictive factor of liver-related outcome such as

Progression of

Nonprogression of

P-value

Liver fibrosis Liver fibrosis

Gender (male/female) 31/42 118/123 : 0.33
Age at first biopsy (years) 544 + 8.7 53.5+10.2 0.50
AST at first biopsy (IU/L) 63.9 £ 35.0 64.8 £ 373 0.85
ALT at first biopsy (IU/L) 86.5 + 58.4 88.1 +59.2 0.84
Platelet counts at first biopsy (10°/L) 15.8 £ 4.6 16.7+48 0.16
Change between biopsies ‘ v

AAST (IU/L)/year 3.8 +£19.5 —4.1 +14.8 <0.001

AALT (IU/L)/year -1.9 £ 284 7.2 £22.6 0.005

APlatelet counts (10°/L)/year -41+9.5 -0.002 £ 9.5 0.001

AFIB-4 index/year 0.31 £ 0.52 -0.005 £ 0.37 <0.001

AAST/year: (AST at the second liver biopsy — AST at the first liver biopsy) /interval between paired biopsies (vears); AALT/year:
(ALT at the second liver biopsy — ALT at the first liver biopsy) /interval between paired biopsies (vears): APlatelet counts/year:
(platelet counts at the second liver biopsy —platelet counts at the first liver biopsy) /interval between paired biopsies (years);
AFIB-4 index /year: (the FIB-4 index at the second liver biopsy — the FIB-4 index at the first liver biopsy) /interval between

paired biopsies (years).

© 2012 Blackwell Publishing Ltd -
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Fig. 2 Correlation between the degree of changes in the

. fibrosis stage and the AFIB-4 index per year. Boxplot of the
AFIB-4 index/year is shown according to the degree of
changes in the fibrosis stage per year. The bottom and top of
each box represent the 25 and. 75th percentiles, giving the
interquartile range. The line through the box indicates the
median value, and the error bar indicates the 5 and 95th
percentiles.
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Fig. 3 Cumulative incidence of fibrosis progression to
cirrhosis. Patients were categorized into two groups
according to the AFIB-4 index/year using cut-off value
of <0.40r=04

mortality {22-24] or HCC development [24-26] in patients
with chronic liver disease. There have been few studies that
investigated the association between changes of noninvasive
markers and liver-related outcome [27-29]. However, it is
still unclear whether there is a relation between the time-
course changes in the value of noninvasive markers and
progression of liver fibrosis.

The aim of the study was to evaluate the utility of the real-
time assessment of the FIB-4 index for the prediction of time-
course progression in liver fibrosis. We have shown that the
FIB-4 index reduced along the regression of the fibrosis
stage, while the FIB-4 index increased along the progression
of the fibrosis stage. These resulfs indicate that the mea-
surement of the time-course changes in the FIB-4 index may

© 2012 Blackwell Publishing Ltd
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be useful for the noninvasive and real-time estimation of the
progression in liver fibrosis overtime.

Although the gold standard for diagnosis of liver fibrosis is
liver biopsy, there are a variety of problems including inva-
siveness and sampling errors [6]. Diagnostic methods of liver
fibrosis by measurement of elasticity of the liver by ultraso-
nography [10-14] have been developed, but these modalities
are not widely available.

The FIB-4 index has an advantage among these noninva-
sive liver fibrosis diagnostic methods. Firstly, it is quite easily
calculated. The parameters required for calculation are only
age, AST, ALT and platelet counts, which are measured-at the
routine examination of patients with liver disease. Therefore,
additional blood collection is unnecessary, and the index can
be calculated at no cost. Secondly, because of its simple cal-
culation, it is possible to evaluate the clinical conditions in a
real-time manner. Repeated measurements of the FIB-4 index
make it possible to predict deterioration in liver fibrosis con-
tinuously over time. Because no Special equipment or system is
necessary, and objective data on the clinical conditions are
provided in a real-time manner, the FIB-4 index is simple and
convenient compared with other noninvasive liver. fibrosis
diagnostic methods.

It is widely known that a decrease in platelet counts is
useful for the prediction of the progression of fibrosis stage
[30]. We have reported that elevated AST or ALT is also .
associated with the progression of liver fibrosis [31]. How-
ever, the results of this study showed that a change in the
FIB-4 index over time was a more useful factor for the pre-
diction of the progréssion of fibrosis stage than AST, ALT and
changes in platelet counts.

Liver biopsy is still an important examination as the
gold standard for diagnosis of liver fibrosis, but time-course
changes cannot be readily observed by repeated biopsies
because of its invasiveness. On the other hand, it is pos-
sible to estimate the progression of liver fibrosis by
repeated measurement of the FIB-4 index. Therefore, two
examinations should be combined: liver biopsy may be
utilized to determine the baseline of fibrosis stage, and the

“serial measurement of the FIB-4 index may be utilized to

predict changes of fibrosis stages overtime in a real-time
manner. :

In conclusion, we believe that measurement of the time-
course changes in the FIB-4 index is useful for the nonin-
vasive and real-time estimation of the progression in liver
fibrosis.
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This study aimed to develop a model for pre-
dicting anemia using the inosine triphospha-
tase (ITPA) genotype and to evaluate its
relationship with treatment outcome. Patients
with genotype 1b chronic hepatitis C (n = 446)
treated with peg-interferon alpha and ribavirin
(RBV) for 48 weeks were genotyped for the
{TPA (rs1127354) and /L28B (rs8099917) genes.
Data mining analysis generated a predictive

model for anemia (hemoglobin (Hb) concentra- -

tion <10 g/dl); the CC genotype of /TPA, base-
line Hb <14.0 g/dl, and low creatinine clearance
-{CLcr) were predictors of anemia. The incidence
of anemia was highest in patients with Hb
<14.0 g/dl and ClLer <90 ml/min (76%), fol-
lowed by Hb <14.0 g/dl and ITPA CC (57%).
Patients with Hb >14.0 g/dl and /TPA AA/CA
had the lowest incidence of anemia (17%).
Patients with two predictors (high-risk} had a
higher incidence of anemia than the others
(64% vs. 28%, P < 0.0001). At baseline, the
IL28B genotype was a predictor of a sustained
virological response [adjusted odds ratio
9.88 (95% confidence interval 5.01-19.48),
P < 0.0001]. In patients who achieved an early
virological response, the /L28B genotype was
not associated with a sustained virological
response, while a high risk of anemia was a
significant negative predictor of a sustained vi-
rological response [0.47 (0.24-0.91), P = 0.026].
For high-risk patients with an early virological
response, giving >80% of the planned RBV
dose increased sustained virological responses
by 24%. In conclusion, a predictive model

© 2013 WILEY PERIODICALS, INC.

incorporating the /TPA genotype could identify
patients with a high risk of anemia and reduced
probability of sustained virological response.
J. Med. Virol. 85:449-458, 2013.

© 2013 Wiley Periodicals, Ine.
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INTRODUCTION

Hepatitis C virus (HCV) infection is a leading cause
of cirrhosis and hepatocellular carcinoma worldwide
[Kim, 2002]. The rate of eradication of HCV by pegy-
lated interferon (PEG-IFN) plus ribavirin (RBV),
defined as a sustained virological response, is around
50% in patients with HCV genotype 1 [Manns et al.,
2001; Fried et al., 2002]. Failure of treatment is
attributable to the lack of a virological response or
relapse after completion of therapy. Genome-wide

“association studies and subsequent cohort studies
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have shown that single nucleotide polymorphisms
(SNPs) located near the IL28B gene are the most im-
portant determinant of virological response to PEG-
IFN/RBV therapy [Ge et al., 2009; Suppiah et al,
2009; Tanaka et al., 2009; Rauch et al., 2010}. On the
other hand, among patients with a virological re-
sponse, the probability of a sustained virological re-
sponse decreases when the patients become intolerant
to therapy because of RBV-induced hemolytic anemia
and receive a reduced dose of RBV [McHutchison
et al., 2002; Kurosaki et al., 2012]. Genome-wide asso-
ciation studies have shown that variants of the ino-
sine triphosphatase (ITPA) gene protect against
hemolytic anemia [Fellay et al., 2010; Tanaka et al.,
2011]. These variants are associated with a reduced
requirement, for an anemia-related dose reduction of
RBV [Sakamoto et al., 2010; Thompson et al., 2010a;
Kurosaki et al., 2011d; Seto et al., 2011]. However,
factors other than the ITPA gene also contribute to
the risk of severe anemia or RBV dose reduction [Ochi
et al., 2010; Kurosaki et al., 2011d] and the results of
studies on the impact of the ITPA genotype on treat-
ment outcome are inconsistent [Ochi et al., 2010;
Sakamoto et al., 2010; Thompson et al., 2010a, 2011,
Kurosaki et al., 20114d}.

Data mining is a novel statistical method used to
extract relevant factors from a plethora of factors and
combine them to predict the incidence of the cutcome
of interest [Breiman et al., 1980]. Decision tree analy-
sis, a primary component of data mining analysis, has
found medical applications recently [Averbook et al.,
2002; Miyaki et al, 2002; Baquerizo et al., 2003;
Leiter et al., 2004; Garzotto et al., 2005; Zlobec et al.,
2005; Valera et al., 2007] and has proven to be a use-
ful tool for predicting therapeutic efficacy [Kurosaki
et al., 2010, 2011a,b,c, 2012] and adverse events [Hir-
amatsu et al., 2011] in patients with chronic hepatitis
C treated with PEG-IFN/RBV therapy. Because the
results of data mining analysis are presented as a
flowchart [LeBlanc and Crowley, 1995], they are easi-
ly understandable and usable by clinicians lacking a
detailed knowledge of statistics.

For the general application of this genetic informa-
tion in clinical practice, this study aimed to construct
a predictive model of severe anemia using the ITPA
genotype, together with other relevant factors. This
study also aimed to analyze the impact of the risk of
anemia on treatment outcome, after adjustment for
the IL28B genotype. These analyses were carried out
at baseline and during therapy, when the early viro-
logical response became evident.

MATERIALS AND METHODS

Patients

Data were collected from a total of 446 genotype
1b chronic hepatitis C patients who were treated
with PEG-IFN alpha and RBV at five hospitals and
universities throughout Japan. The inclusion criteria
- were: (1) infection by hepatitis C genotype 1b; (2) no

J. Med. Virol. DOI 10.1002/imv
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co-infection with hepatitis B virus or human immu-
nodeficiency virus; (3) no other causes of liver dis-
ease such as -autoimmune hepatitis’ and primary.

“biliary cirrhosis; and (4) availability of DNA for the

analysis of the genetic polymorphisms of IL28B and
ITPA. Patients received PEG-IFN alpha-2a (180 pg)
and 2b (1.5 pg/kg) subcutaneously every week and a
daily weight-adjusted dose of RBV (600 mg for
patients weighing <60 kg, 800 mg for patients
weighing 60-80 kg, and 1,000 mg for patients weigh-
ing >80 kg) for 48 weeks. Dose reduction or discon-
tinuation of PEG-IFN and RBV was primarily based
on the recommendations on the package inserts and
the discretion of the physicians at each university
and hospital. The standard duration of therapy was
set at 48 weeks. No patient received erythropoietin
or other growth factors for the treatment of anemia.
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. '

Laboratory Tests

Blood samples obtained before therapy were ana-
lyzed for hematologic data, blood chemistry, and HCV
RNA. Genetic polymorphisms in SNPs of the ITPA
gene (rs1127354) and the IL28B gene (rs8099917)

- were determined using ABI TagMan Probes (Applied

Biosystems, Carlsbad, CA) and the DigiTag2 assay,
respectively. Baseline creatinine clearance (CLer) lev-
els were caleulated using the formula of Cockeroft
and Gault [1976]: for males, CLer = [(140 — age in
years) x body weight in kg] + (72 x serum creatinine
in mg/dl) and for females, CLer = 0.85 x [(140 — age
in years) x body weight in kg] + (72 x serum creati-

‘nine in mg/dl). The stage of liver fibrosis was scored

according to the METAVIR scoring system: FO (no fi-
brosis), F1 (mild fibrosis: portal fibrosis without sep-
ta), F2 (moderate fibrosis: few septa), F3 (severe
fibrosis: numerous septa without cirrhosis), and F4
(cirrhosis). A rapid virological response was defined as
undetectable HCV RNA by qualitative PCR with a
lower detection limit of 50 TU/ml (Amplicor, Roche Di-
agnostic Systems, Pleasanton, CA) at week 4 of thera-
py and a complete early virological response was
defined as undetectable HCV RNA at week 12. A sus-
tained virological response was defined as undetect-
able HCV RNA at 24 weeks after completion of
therapy. Severe anemia was defined as hemoglobin
(Hb) <10 g/dl.

Statistical Analysis

Database for analysis included the following varia-
bles: age, sex, body mass index, serum aspartate ami-
notransferase (AST) levels, alanine aminotransferase
(ALT) levels, gamma-glutamyltransferase (GGT) lev-
els, creatinine levels, CLer, Hb, platelet count, serum
levels of HCV RNA, and the stage of liver fibrosis
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TABLE I. Patients’ Baseline Characteristics

Age (years) © 58.6 9.6)
Gender: male (n, %) 185 (42%)
Body mass index (kg/m?) 23.1 8.7
AST (IU/L) 59.9 (563.8) -
ALT (IU/L) 69.8 (53.8)
GGT (IU/L) 48.5 (41.8)
Creatinine (mg/dl) 0.7 (0.2)
Creatinine clearance (ml/min) 89.5 (23.0)
Hemoglobin (g/dl) 14 (1.4)
Platelet count (10%/L) 154.5 (52.1)
HCV RNA > 600,000 TU/ml (n, %) 354 (79%)
Liver fibrosis: F3-4 (n, %) 108 (24%)
Initial ribavirin dose (n, %) )
600 mg/day 300 (67%)
800 mg/day 138 (31%)
1,000 mg/day 9 2%y
Pegylated interferon (n, %) .
alpha2a 180 meg 58 (13%)
alpha2b 1.5 megkg 388 (87%)
ITPA rs1127354: CC (n, %) 317 (71%)
IL28B rs809917: TT (n, %) 311 (70%)

AST, aspartate aminotransferase; ALT, alanine aminotransferase;
GGT, gamma-glutamyltransferase.

Data expressed as mean (standard deviation) unless otherwise
mentioned.

(Table I). Based on these data set, a model for predict-
ing the risk of developing severe anemia was con-
structed by data mining analysis using the IBM-SPSS
- Modeler 13 as described previously [Kurosaki et al.,
2010, 2011a,b,c; Hiramatsu et al,, 2011]. Briefly, the
software was used to explore the database automati-
cally to search for optimal predictors that discriminat-
ed most efficiently patients with severe anemia from
those without. The software also determined the opti-
mal cutoff values of each predictor. Patients were di-
vided into two groups according to the predictor and
each of the two groups was repeatedly divided in the

same way until no significant factor remained or 20 or-

fewer patients were in a group.

The incidence of severe anemia, the total dose of
RBV, and treatment outcome were compared between
groups with high and low risks of anemia. On univari-
ate analysis, Student’s Z-test was used for continuous
variables, and Fisher’s exact test was used for cate-
gorical data. Logistic regression was used for multi-
variate analysis. P values of <0.05 were considered
significant. SPSS Statistics 18 was used for these
analyses.

RESULTS ’
Predictive Model of Severe Anemia

The incidence of severe anemia in the whole cohort
was 49% (Fig. 1). The best predictor of severe anemia
was the baseline Hb concentration. Patients with a
low; baseline Hb concentration (<14 g/dl) were more
likely to develop severe anemia (67%) than those with
a higher Hb (>14 g/dl) (34%). The second best predie-
tor for those patients with a baseline Hb <14.0 g/dl
was CLcr. Patients with a CLer below 90 ml/min had
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the highest incidence of severe anemia (76%). In those
with a CLer above >90 ml/min the incidence of severe
anemia was 57% in patients with the CC allele of the
ITPA gene while it was 37% in patients with the CA
or AA allele. On the other hand, the second best pre-
dictor for those patients with a baseline Hb concentra~
tion above 14 g/dl was the ITPA genotype. Patients
with the AA or AC allele had the lowest incidence of
anemia (17%). For those with the ITPA CC allele,
CLer was the third best predictor; the optimal cutoff
value was 85 ml/min for this group. The incidence of
severe anemia was 49% in patients with a CLer below
85 ml/min while it was 32% in those with a CLer
above 85 ml/min.

Following this analysis, the patients were divided
into six groups, with the incidence of severe anemia
ranging from 17% to 76%. Three groups with two pre-
dictors, having an incidence of anemia >40%, were
defined as the high-risk group and the remainder
were defined as the low-risk group. The incidence of
severe anemia was higher in the high-risk group than
the low-risk group (65% vs. 28%, P = 0.029) (Fig. 2).
Comparison of the ITPA genotype and the predictive
model showed that the sensitivity for the prediction
of severe anemia was similar (75.9% vs. 76.4%) but
the specificity of the predictive model was greater
(33.6% vs. 59.3%).

The Risk of Anemia Impacts on Sustained
Vu‘olo gical Responses by Patients Who Achieved
an Early Virological Response

The impact of IL28B genotype, ITPA genotype, and
risk group of anemia on the rate of sustained virologi-
cal response was studied at baseline and week 12. At
baseline, patients with the TT allele of the IL28B
gene had a significantly higher rate of sustained viro-
logical response than those with the TG or GG allele
(43% vs. 10%, P < 0.0001), the high-risk group for
anemia had a significantly lower rate of sustained vi-
rological response than the low-risk group (28% vs.
40%, P = 0.011), and the ITPA genotype was not asso-
ciated with a sustained virological response (Fig. 3A—
C). At week 4, patients with rapid virological response
had a high rate of sustained virological response, irre-
spective of the IL28B genotype (TT vs. TG/GG; 97%
vs. 100%, P = 1.000), the ITPA genotype (CC vs. CA/
AA; 95% vs.-100%, P = 1.000), and the risk of anemia
(high vs. low; 95% vs. 100%, P = 1.000). Among: the
patients who did not achieve a rapid virological re-
sponse, those with the IL28B TT allele had a signifi-
cantly higher rate of sustained virological response
than those with the TG or GG allele (38% vs. 8%,
P < 0.0001), and the high-risk group for anemia had
a significantly lower rate of sustained virological re-
sponse than the low-risk group (24% vs. 35%,
P = 0.015). At week 12, in patients who achieved a
complete early virological response, the IL28B geno-
type was not associated with a sustained virological
response, while the high-risk group for anemia had a

J. Med. Virol. DOI 10.1002/jmv
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Fig. 1. The predictive model for severe anemia. The boxes indicate the factors used to differentiate
patients and the cutoff values for the different groups. The pie charts indicate the rate of severe ane-
mia (Hb <10.0 g/dl) for each group of patients, after differentiation. Terminal groups of patients differ-
entiated by analysis are classified as at high risk if the rate is >40% and low risk if the rate is <40%.
ITPA, inosine triphosphatase; Clcr, ereatinine ¢learance; Hb, hemoglobin.

significantly lower rate of sustained virological re-
sponse than the low-risk group (59% vs. 76%,
P =0.013) (Fig. 3D-F). In patients who did not
achieve a complete early virological response, the
IL28B genotype was a significant predictor of a sus-
tained virological response (IT'T vs. TG/GG; 14% vs.
2%, P < 0.0001) but a high risk for anemia was not
(high vs. low; 10% vs. 6%, P = 0.361).

From multivariate analysis (Table II), the IL28B ge-

notype was the most important predictor of a sus-

tained virological response at baseline [adjusted odds
ratio 9.88 (95% confidence interval 5.01-19.48),

P < 0.0001], along with female sex [0.42 (0.26-0.68),

P < 0.0001], platelet count [1.09 (1.04-1.15),
P < 0.0001], advanced fibrosis [0.49 (0.27-0.91),
P = 0.024], and baseline HCV RNA load [4.14 (2.27-
7.55), P < 0.0001]. At week 4, in patients without a
rapid virological response, the IL28B genotype
remained the most important predictor of a sustained
virological response [7.16 (3.60-14.25), P < 0.0001],
along with female sex and platelet count. At week 12,
" in patients with a complete early virological response,
the risk of anemia was an independent and significant

J. Med. Virol. DOI 10.1002/jmv

predictor of a sustained virological response [0.47
(0.24-0.91), P = 0.026], together with the platelet
count and HCV RNA load, but the IL28B genotype
was not associated with a sustained virological re-
sponse. In patients without a complete early virologi-
cal response, the IL28B genotype was a predictor of a
sustained virological response [9.13 (2.02-41.3),
P = 0.004] along with the platelet count. Thus, IL28B
was a significant predictor of a sustained virological
response at baseline and among virological non-res-
ponders at weeks 4 and 12. On the other hand, once a

complete early virological response was achieved, the

IL28B genotype was no longer associated with a sus-
tained virological response but the risk of anemia was
an independent predictor of a sustained virological
response.

The Risk of Anemia, RBV Dose, and Treatment
Outcome in Patients With a Complete Early
Virological Response

Patients who achieved a complete early virological
response were stratified according to adherence to
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Fig. 2. The incidence of severe anemia stratified by risk of ane-
mia. The incidence of anemia during therapy is shown for each
group of patients at high and low risk of anemia. The black and
white bars represent the percentages of patients with Hb concentra-
tions below 8.5 g/dl and above 10 g/d}, respectively.

RBV (<40%, 41-60%, 61-80%, and >80%); which
showed that patients with a high risk of anemia were
predominantly in subgroups with a lower adherence
to RBV (<40%, 41-60%, and 61-80%), whereas
patients with a low risk of anemia were predominant-
ly in subgroups with a higher adherence to RBV
(>80%) (Fig. 4, upper panel). The percentage of
patients who received >80% of the planned dose of
RBV was significantly higher in the low-risk group for
anemia than in the high-risk group (74% vs. 55%,
P < 0.0001). ’

Within the groups with high and low risks of ane-
mia, thére was a stepwise increase in the rate of sus-
tained virological response aceording to the increase
in adherence to RBV (Fig. 4, lower panel). The rate of
sustained virological response was higher in patients
who received >80% of the planned dose of RBV than
those who received less, for both high-risk patients
(71% vs. 47%, P = 0.016) and low-risk patients (81%
vs. 60%, P = 0.072). Within the same subgroup of
RBV adherence, however, the rate of sustained viro-
logical response did not differ between patients with a
high risk and a low risk of anemia. Taken together,
these results suggest that patients with a high risk of
anemia have a disadvantage becatise they are likely
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to be intolerant to RBV, leading to reduced adherence
to RBV throughout the 48 weeks of therapy and a
reduced rate of sustained virological response. Howev-
er, if >80% adherence to RBV could be obtained, the
rate of sustained virological response would increase

by 24%.

DISCUSSION

This study confirmed previous reports that the
IL28B genotype is the most significant predictor of a
sustained virological response to PEG-IFN plus RBV
therapy in chronic hepatitis C patients at baseline [Ge
et al., 2009; Suppiah et al., 2009; Tanaka et al., 2009;
Rauch et al., 2010; Kurosaki et al., 201lc] and at
week 4 [Thompson et al., 2010b], but it had no impact
on the rate of sustained virological response among
those patients who achieved a complete early virologi-
cal response [Thompson et al., 2010b; Kurosaki et al.,
2011c]. In contrast, the risk of anemia, assessed by
the combination of the ITPA genotype, baseline Hb
concentration, and baseline CLcr, was found to be as-
sociated with a sustained virological response in
patients who achieved a complete early virological re-
sponse. Generally, a complete early virological re-
sponse is the hallmark of a high probability of a
sustained virological response, but the rate of sus-
tained virological responses in patients who achieved
a complete early virological response and had a high
risk of anemia was as low as 59%. This reduced rate
of sustained virological response in these patients was
attributable to poor adherence to RBV throughout the
48 weeks of therapy. Because administration of >80%
of the planned RBV dose increased the rate of sus-
tained virological response by 24%, it may be postulat-
ed that personalizing the treatment schedule to
achieve a sufficient dose of RBV, such as extension of
treatment duration, may improve sustained virologi-
cal response rates in these patients. Clearly, this pos-
tulate needs to be confirmed in future study. Thus,
the findings presented here may have the potential to
support selection of the optimum, personalized treat-
ment strategy for an individual patient, based on the
risk of anemia.

The degree of hemolytic anemia caused by RBV
varies among individuals. A reduction of the Hb con-
centration early during therapy predicts the likely de-
velopment of severe anemia [Hiramatsu et al., 2008,
2011] but there are no reliable predictors at baseline.
A breakthrough came from the results of a genome-
wide association study that revealed that variants of
the ITPA gene are protective against hemolytic ane-
mia [Fellay et al., 2010]. The ITPA genotype has been
shown repeatedly to be associated with the degree of
hemolytic anemia and dose reduction of RBV [Fellay
et al., 2010; Sakamoto et al., 2010; Thompson et al,,
2010a; Seto et al., 2011; Tanaka et al., 2011; Kurosaki
et al.,, 2011d]. However, factors other than the ITPA
gene, such as baseline Hb concentrations [Ochi et al,,
2010; Kurosaki et al., 2011d], platelet counts [Ochi

J. Med. Virol. DOI 10.1002jmv
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Fig. 3. Rates of sustained virological responses at baseline and among those with a virological re-
sponse at week 12. The impacts of IL28B genotype, ITPA genotype, and risk group of anemia on the
rate of sustained virological response were studied at baseline (A—C) and among those with complete
early virological responses (defined as undetectable HCV RNA at week 12) (D-F). At baseline, those
with the TT allele of the IL28B gene had a significantly higher rate of sustained virological response
than those with the TG or GG allele and the group at high-risk of anemia had a significantly lower
rate of sustained virological response than the low-risk group. Among patients with complete early
virological responses, the IL28B genotype was not associated with a sustained virological response,
while the group at high-risk of anemia had a significantly lower rate of sustained virclogical response

_than the low-risk group.
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et al., 2010], and CLer [Kurosaki et al., 2011d], also
contribute to the risk of severe anemia or RBV dose
reduction. In the present study, the predictive model
of anemia based on the data mining analysis selected
the ITPA genotype, baseline Hb concentration, and

J. Med. Virol. DOI 10.1002jmv

baseline CLer as predictive factors and identified six
subgroups of patients with a variable rate of severe
anemia, ranging from 17% to 76%. The specificity of
the prediction of severe anemia was improved by
25.7% in the predictive model, compared to ITPA
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TABLE II. Logistic Regression Analysis for Factors
Associated With Sustained Virological Response at
Baseline, Week 4 and Week 12

Multi-variable
Odds 95%CI  P-value
Pre-treatment
Sex: female 0.42 0.26-0.68 <0.0001
Platelet (10%/1) 1.09 1.04-1.15 <0.0001
Fibrosis: F3-4 0.49 0.27-0.91 0.024
HCV RNA: <600,000 IU/L 4,14 227-755 <0.0001
IL28B rs8099917: TT 9.88 5.01-19.48 <0.0001
At week 4 .
Non-RVR patients
Sex: female 0.45 0.28-0.72 0.001
Platelet (10%/L) 1.10 1.05-1.16  0.000
IL28B rs8099917: TT 7.16 3.60-14.25 <0.0001
At week 12
c¢EVR patients
Platelet (10°/L) 1.09 1.02-1.17  0.015
" HCV RNA: <600,000 IU/L.  3.21 1.39-7.55 0.007
High-risk of anemia® 0.47 0.24-0.91 0.026
At week 12
Non-cEVR patients
Platelet (10%L) 1.11 - 1.02-1.21 0.017
1L.28B rs8099917: TT 9.13 2.0241.3 0.004

RVR: rapid virological response, deﬁned as undetectable HCV RNA
at week 4.

c¢EVR: complete early virological response, defined as undetectable
HCV RNA at week 12.

*High-risk of anemia defined by decision tree analysis includes the
following groups: (1) baseline hemoglobin <14.0 g/dl and creatinine
clearance <90 ml/min, (2) baseline hemoglobin <14.0 g/dl, creatinine
clearance >90 m]/mm and ITPA rs1127354 genotype CC, and (3)
baseline hemoglobin >14.0 g/dl, ITPA rs1127354 genotype CC, and
creatinine clearance <85 ml/min.

genotyping alone. Because hemolytic anemia
induced by RBV is one of the major adverse events
leading to premature termination of therapy [Fried
et al., 2002], a method to predict the risk of severe
anemia before treatment is important clinically. A
predictive model of anemia may have the potential to
support individualized treatment strategies; patients
at high risk of anemia may be tested intensively for
anemia or may be candidates for erythropoietin thera-
py, whereas those with a low risk of anemia may
be treated with a higher dose of RBV. Prediction
of anemia will remain important in the era of direct
‘antiviral agents for chronic hepatitis C, because these
newer therapies still require RBV and PEG-IFN in
combination, and the degree of anemia complicating
these therapies may be even greater than with the
current combination therapy [McHutchison et al.,
2009; Kwo et al., 2010].

Studies of the impact of the ITPA genotype on treat-
ment outcome have produced conflicting results. Pre-
vious studies of American [Thompson et al., 2010a]
and Italian [Thompson et al., 2011] cohorts did not
find any association between the ITPA genotype and
treatment outcome, whereas a marginal difference
was observed in a report from Japan [Ochi et al.,
2010]. Moreover, with a subgroup analysis of Japa-
nese patients, the variant of the ITPA gene was
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associated with a sustained virological response in
patients with the IL28B major genotype [Kurosaki
et al., 2011d], in patients infected with HCV other
than genotype 1[Sakamoto et al., 2010], and in
patients with pre-treatment Hb concentrations be-
tween 13.5 and 15 g/dl [Azakami et al., 2011]. These
inconsistent results may be because the impact of ane-
mia may be greater on a cohort of aged patients, such
as in Japan. Anothér reason may be that the ITPA -
genotype is not the sole determinant of anemia; the
ITPA genotype alone was not associated with treat-
ment outcome in the present study but a high-risk of
anemia, defined by the combination of the ITPA geno-
type, baseline Hb concentration, and baseline CLecr,
was associated with sustained virological responses
by patients with complete early virological responses,
even after adjustment for the IL28B genotype and
other relevant factors. This is in contrast to the find-
ing that the IL28B genotype is an independent and
significant predictor at baseline of a sustained virolog-
ical response by patients without a rapid virological
response and those without a complete early virologi-
cal response, but not those with a complete early viro-
logical response. These results indicate that the
IL28B genotype could be used to predict a sustained
virological response at baseline or during therapy in
patients in whom HCV RNA has not yet become unde-
tectable, but it has no predictive value in patients in
whom HCV RNA has become undetectable. The risk
of anemia may be used to predict sustained virological
responses in a selected subgroup of patients who
achieve a complete early virological response. :

Patients who received more than 80% of the
planned dose of PEG-IFN or RBV had a higher rate of
sustained virological responses than those who re-
ceived a lower cumulative dose [McHutchison et al,
2002; Davis et al., 2003). Patients who achieve a com-
plete early virological response usually have a good
chance of a sustained virological response and the -
treatment duration is not extended beyond 48 weeks.
However, reduced adherence to drugs in these
patients was related to relapse after the completion of
48 weeks of therapy [Hiramatsu et al., 2009; Kurosaki
et al.,, 2012]. In the present study, the rate of sus-
tained virological response was 59% in patients who
achieved a complete early virological response but
had a high risk of anemia, 17% lower than in patients
with a low risk of anemia. However, there was a step-
wise increase in the rate of sustained virological re-
sponse according to the increase in adherence to RBV,
and the rate of sustained virological response was
higher in high-risk patients who received >80% of the
planned dose of RBV (71% vs. 47%). This 24% in-

‘crease in sustained virological response was observed

among the patients in the present study who received
48 weeks of treatment. These findings suggest that re-
ceiving a sufficient RBV dose is essential for patients

 with a complete early virological response to attain a

sustained virological response and that the treatment
strategy should be personalized for patients with a

oJ. Med. Virol. DOI 10.1002/jmv
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Fig. 4. The impact of risk of anemia and RBV dose on treatment outcome after a complete early
virological response. Patients with complete early virclogical responses were divided into subgroups

according to their adherence to RBV: <40%, 41-60%,

61-80%, and >80%. For each subgroup, the pro-

portion of patients with a high risk and a low risk of anemia is shown in the upper panel by pie charts,
and the rates of sustained virological responses, stratified by high risk and low risk of anemia, are
shown in the lower panel by bar graphs. The black and white bars or charts represent patients ‘with

high and low risks of anemia, respectively.

high risk of anemia to extend the duration of treat- ;

ment, even those patients with a complete early viro-
logical response, to obtain >80% adherence to RBV.
In conclusion, the combination of the ITPA geno-

type, baseline Hb concentration, and baseline CLer °

could be used as a pre-treatment predictor of anemia.
The risk of anemia thus identified is associated with
adherence to RBV and impacts on the treatment out-
come of patients who achieve a complete early virolog-
ical response. This is in contrast to the major role of
the IL28B genotype in the prediction of sustained vi-
rological responses at baseline and among non-res-
ponders at weeks 4 and 12. Patients who achieve a
complete early virological response generally have a
high probability of a sustained virological response
but those who have a high risk of anemia have a high
rate of relapse because of reduced adherence to RBV.
To improve the rate of sustained virological responses
in these patients, it may be postulated that the treat-
ment schedule may be personalized to obtain >80%
adherence to RBV. Clearly, this postulate needs to be
confirmed in a future study.
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vlmpalred brain activity in cnrrhot:c patients with
minimal hepatic encephalopathy: Evaluation by
near-infrared spectroscopy
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Aim: Near-infrared spectroscopy (NIRS) is a tool that could
non-invasively measure the regional cerebral oxygenated
hemoglobin {oxy-Hb) concentration with high time resolution.
The aim of the present study is to reveal the time-dependent
regional cerebral oxy-Hb concentration change coupled
with brain activity during task performance in patients with
minimal hepatic encephalopathy (MHE).

Methods: Cerebral oxy-Hb concentration was measured by
using 'NIRS in 29 cirrhotic patients without overt hepatic
encephalopathy (HE). Of those, 16 patients who had abnormal
electroencephalography findings were defined as having
MHE. Responsive increase in oxy-Hb during a word-fluency
task was compared between MHE and non-MHE patients.

Results: There was no difference in the maximum value of '

oxy-Hb increase between patients with and without MHE
(0.26 £0.12 vs 0.32 £ 0.22 mM-mm, P =0.37). However, the

pattern of the time course changes of oxy-Hb was different
between the two groups. The MHE group was characterized
by a gradual increase of oxy-Hb throughout the task com-
pared to steep and repetitive increase in the non-MHE group.
Increase in oxy-Hb concentration at 5 s after starting the task
was significantly small in the MHE group compared to the
non-MHE {0.03 £ 0.05 vs 0.11 £ 0.09 mM-mm, P = 0.006).

Conclusion: The cerebral oxygen concentration is poorly
reactive in response to tasks among cirrhotic patients without
overt HE but having abnormal electroencephalography find-
ings. These impaired responses in regional cerebral oxy-Hb
concentration may be related to the latent impairment of
brain activity seen in MHE.

Key words: hepatic encephalopathy, near-infrared
spectroscopy

INTRODUCTION

EPATIC ENCEPHALOPATHY (HE) is a major
complication of liver cirthosis. Apart from
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dinically overt' HE (OHE), minimal HE (MHE) is

troublesome because it is associated with reduced

quality of life (QOL), reduced cognitive function,
lowered work efficiency, higher risk of progression to
OHE and may be a cause of traffic accidents.'* MHE
treatment can improve QOL, driving capability and pro-
gression of OHE.** Adequate diagnosis of MHE and
early therapeutic intervention are precluded by the lack
of reliable diagnostic standards, and HE is usually diag-
nosed only after the presentation of overt symptoms.
For the diagnosis of MHE, neuropsychological function
tests, such as number connection test, light/sound
reaction time, inhibitory control test, Wechsler adult
intelligence scale (WAIS) or electro-psychological tests
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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
fanction. '

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.*¢222 We hypothesized that dinically latent abnor-
mality of brain function in MHE also may be linked to

Table 1 Patient characteristics

575

Hepatology Research 2013

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 23 liver cirthosis 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+89 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

Alc, alcoholic liver disease; HB, hepatitis B; 1{C, hepatitis C; MHE, minimal hepatic encephalopathy; P1%, 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 55 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 preserited 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

THE NUMBER OF words generated by the word-
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, tespectively. 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
changes also could be visualized by the topographic
presentation. In the topographic image, increase of
oxy-Hb concentration is expressed as a deepening of
the red shading. Figure 3 shows a topographic image
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

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

N [mMmm]
+0.2
%Hﬂ
’%[mMmm]

+0.2
-0.1

%[mMmm} :
2 +0.2

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. :



