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reported using this method, leading to misdiagnosis of
cirrhosis.® Therefore, finding a noninvasive method for
diagnosing liver fibrosis is an emerging issue in the
care of patients with CHC. ‘

Several methods have been studied for the noninva-
sive diagnosis of hepatic fibrosis or cirrhosis, including
clinical’ or blood markers,'™" and signal analysis
(ultrasonography, magnetic resonance imaging, and
clastography).'*'? Although each method can play a
substantial role in the diagnosis of cirrhosis, it is evi-
dent that the best way of monitoring hepatitis progres-
sion employs an accurate serological method for the
quantitative evaluation of fibrosis. We developed a new
glyco-marker using muldple lectins that performed
well in estimating liver fibrosis in a single-center
St dy_'fé,15

Recent progress in glycoproteomics has had a great
influence on work toward ideal, disease-specific bio-
markers for a number of conditons. Glycoproteins
that exhibit disease-associated glyco-alteration and are
present in serum or other fluids have the potendal to
act as biomarkers for the diagnosis of a targetr dis-
ease,'® because the features of glycosylation depend on
the extent of cell differentiation and the stage of the
cell. Detecting hepatic disease-associated glyco-markers
for clinical applications has been a continuous chal-
lenge since the early 1990s, because increased fucosyla-
tion on complex-type N-glycans has been f{requenty
detected in glycoproteins from patients with hepatocel-
lular carcinoma (HCC) and cirthosis.'””'® Of all the
alpha-fetoprotein (AFP) glycoforms, more than 30%
have been found to react to a fucose-binding lectn,
Lens culinaris agglutinin. This fraction, designated
AFP-L3, was approved by the U.S. Food and Drug
Administration (FDA) in 2005 for the diagnosis and
prognosis of HCC."” We have found that two fibrosis-
indicator lectins (Aspergillus oryzae lectin [AOL] and
Maackia amnrensis lectin [MAL]) together with an in-
ternal, standard lectin  (Datura  stramoninm  lectin
[DSA]) on an alpha 1-acid glycoprotein (AGP) could,
using lectin microarray, clearly distinguish between cir-
thosis and chronic hepatitis patients.”* We have further
simplified this quantitative method so that it could be
performed  using  bedside,  clinical  chemistry
analyzers."”
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The aim of the current study was to evaluate this
new glyco-marker (LecT-Hepa) using muldple lectins
and bedside clinical chemisuy analyzers for use in the
assessment of liver fibrosis. In this multicenter study
we compared the methods efficiency in estimating
liver fibrosis with other noninvasive fibrosis markers
and tests.

Materials and VMethods

Study Population. This study included 183 consec-
utive adult patients with CHC who had undergone
percutaneous liver biopsy at one of the following insti-
wutions: Hokkaido University Hospital, Musashino
Red Cross Hospital, National Center for Global
Health and Medicine, Hyogo College of Medicine
Hospital, or Nagoya City University Hospital in Japan.
A diagnosis of CHC was defined as detectable serum
anti-hepatitis C virus (HCV) antibody and HCV-
RINA, found using polymerase chain reaction assays, of
at least 2 points. Exclusion criteria were coinfection
with hepartitis B virus or human immunodeficiency vi-
rus (HIV), and other disorders that commonly cause
liver diseases. Informed consent was obtained from
cach patient who participated in the study. This study
was conducted in accordance with the provisions of
the Declaration of Helsinki and was approved by our
Institutional Review Board.

Histological Staging. Ultrasonography-guided liver
biopsy was performed according to a standardized pro-
tocol. Specimens were fixed, paraffin-embedded, and
stained with bemartoxylin-eosin  and Masson’s  tri-
chrome. A minimum of six portal wacts in the speci-
men were required for diagnosis. All liver biopsy sam-
ples were independendy evaluated by two senior
pathologists who were blinded to the clinical data.
Liver fibrosis stages were assessed using METAVIR fi-
brosis (F) staging.zg Significant fibrosis was defined as
METAVIR F >2, severe fibrosis as METAVIR F >3,
and cirrhosis as METAVIR F4. Two patients were
excluded from the study because of inadequate histo-
logical samples.

Clinical and Biological Data. The age and sex of
the patients were recorded. Serum samples were col-
lected immediately before or no more than 2 months
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after liver biopsy and were stored at —80°C undl anal-
ysis. The concentrations of the following variables
were obtained by analyzing the serum samples: aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), gamma-glutamyltransferase (GGT), total biliru-
bin, albumin, cholinesterase, total cholesterol, platelet
count (platelets), prothrombin time, haptoglobin, hyal-
uronic acid (HA), a2-macroglobulin (¢2-MG), tissue
inhibitors of metalloproteinases 1 (TIMP1). The
aspartate  aminotransferase-to-platelet  ratio  index
(APRI), Fib-4 index, Forns index, and Zengs score
were calculated according to published formulae
appropriate to each measure.>*1%*

Rapid Lectin-Antibody Sandwich Immunoassay
Using HISCL. Fibrosis-specific  glyco-alteration  of
AG?P was qualified from simultancous measurements
of the lectin-antibody sandwich immunoassays using
three lectins (DSA, MAL, and AOL). In principle, the
glycan part of the AGP was captured by the lectin im-
mobilized on the magnetic beads, and the captured
AGP was then quantified by an antihuman AGP
mouse monoclonal antibody probe that was cross-
linked to an alkaline phosphatase (ALP-2AGP). The
assay manipulation was fully automated using a chemi-
luminescence enzyme immunoassay machine (HISCL-
2000i; Sysmex, Kobe, Japan). We used the following
criterion formula, named the “LecT-Hepa Test,” to
enhance the diagnostc accuracy by combining two
glyco-parameters (AOL/DSA  and MAL/DSA)  as
described before: F = Log;o[AOL/DSA]*8.6-[MAL/
DSAL"

Statistical Analyses. Quantitative variables were
expressed as the mean = swandard deviation (SD)
unless otherwise specified. Categorical variables were
compared using a chi-squared test or Fisher's exact
test, as appropriate, and continuous variables were
compared using the Mann-Whitney U test. P < 0.05
was considered statistically significant. A multivariate
forward stepwise logistic regression analysis was per-
formed to determine the independent predictors of the
absence or presence of significant fibrosis, severe fibro-
sis, and cirrhosis, respectively. Pearson’s correlation
coefficient was used as necessary. To assess the classifi-
cation efficiencies of various markers for detecting sig-
nificant fibrosis, severe fibrosis, and cirrhosis,” and to
determine area under the curve (AUC) values, re-
ceiver-operating  characteristic (ROC) curve analysis
was also cartied out. Diagnostic accuracy was expressed
as the diagnostic specificity (specificity), diagnostic sen-
sitivity (sensitivity), positive predictive values (PPV),
negative predictive values (NPV), positive likelihood
ratio (LR [+]), negative likelihood ratio (LR [~]), and
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Table 1. Baseline Characteristics of the 183 Patients with
Chronic Hepatitis € at the Time of Liver Biopsy

Features Total {n == 183)
Ade (vears) 576 & 11.4
Male sex 75 (41.0)
AST (IU/1) 57.4 + 439
ALT (IU/L) 62.8 = 56.8
GGT (/L) 511 * 62.6
Bilirubin (mg/dL) 0.7 £ 04
Albumin (g/L) 4.1+ 0.4
Cholinesterase (IU/L) 283.5 + 97.0
Cholesterot {mg/dl} 174.1 = 355
Platelets (10%/1) 163 = 57
Prothrombin time (%) 87.2 + 334
a2-MG (g/L) 356.8 = 133.1
HA (ng/L) 205.3 =+ 4280
TIMPL (pg/mil) 2106 = 87.7
ADL/DSA 63 x 123
MAL/DSA 9.0 = 3.1
Fibrosis stage (%)
FO-1 89 (48.6)
F2 ’ 46 (25.1)
F3 22 (12.0)
F4 26 (14.2)

AUC (95% confidence interval [95% CII). We per-
formed statistical analyses using STATA v. 11.0 (Stata-
Corp, College Station, T2).

Results

Baseline Characteristics of the 183 Patients with
Chronic Hepatitis C at the Time of Liver Biopsy. Patient
characteristics at the time of liver biopsy are shown
in Table 1. The mean age of the 183 patients was
57.6 % 11.4 years, and 75 (41%) of them were men.
FO-F1 was diagnosed in 89 cases (48.6%), F2 in
46 (25.1%), F3 in 22 (12.0%), and F4 (cirrhosis) in
26 (14.2%).

Comparison of Variables Associated with the
Presence of Significant Fibrosis by Univariate and
Multivariate Analysis. Variables associated with the
presence of significant fibrosis were assessed by univari-
ate and multivariate analysis (Table 2). The variables
of age (P = 0.001), AST (P < 0.0001), ALT (P <
0.0001), GGT (P < 0.0001), bilirubin (P = 0.014),
a2-MG (P = 0.002), HA (P < 0.0001), TIMP1 (P <
0.0001), and AOL/DSA (P < 0.0001) were signifi-
cantly higher in the significant fibrosis group than in
the not significant fibrosis group. The variables albu-
min (P < 0.001), cholinesterase (P < 0.0001), choles-
terol (P = 0.005), platelets (P < 0.0001), prothrom-
bin time (P = 0.0001), and MAL/DSA (P < 0.0001)
were significantly lower in the significant fibrosis group
than in the not significant fibrosis group. Multivariate
analysis showed that platelets (odds ratio [OR]): 0.87,
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Table 2. Variables Associated with the Presence of Significant Fibrosis (F2-4) and Severe Fibrosis {F3-4) by
Univariate and Multivariate Analysis

Bdds Ratio Odds Ratlo
Ne Significant Significant P Value {95% ¢ Mo Severe Severe Fibrosls {85% €1}
Features Fibrosis (n == 88}  Fibrosis {n = 84)  (Univariate}  (Multivariate}  Fibrosis (n = 135) {n = 48} P Value {Muitivariate}
Age (years) 54,7 + 11.8 60.5 = 10.4 0.001 55.8 = 11.9 629+ 7.8 0.001 1.15
(1.02-1.31)
Male sex (%) 30 (33.7) 45 (47.9) 0.051 52 (38.5) 23 (47.9) 0.255
AST (1U/L) 45.7 = 41.6 68.3 + 43.5 <0.0001 49.7 = 401 791 = 474 <0.0001
ALT (IU/0) 51.0 = 56.6 74.0 % 54.9 <0.0001 55.9 & 54.9 825 =579  <0.0001
GGT(IU/L) 40.6 = 61.7 62.1 = 63.1 <0.0001 455 + 67.1 65.8 = 46.7  <0.0001
Bilirubin (mg/dL) 0.6 % 03 0.7 = 0.4 0.014 06+ 03 0.8+ 04 0.005
Albumin (/L) 42+ 03 40 % 05 <0.001 42 =03 38+ 05 <0.0001
Cholinesterase (IU/L)  329.2 = 76.0  247.2 = 96.9 <0.0001 3124 * 84.4 217 £ 919  <0.0001
Cholesterol (mg/dl)  181.0 = 315 1675 = 36.2 0.005 178.1 = 34.1 1682.4 = 335 0.016
Platelets (10%/L) 186 =+ 53 142 = 52 <0.0001 0.87 180 = 52 119 * 46 <0.0001 0.74
(0.77-0.99) {0.58-0.94)
Prothrombin time (%)  94.7 + 334 80.1 + 32.1 0.0001 89.5 = 36.2 80.8 £ 232  <«0.001
o2-MG (g/L) 326 = 117.7  389.2 * 1411 0.002 3311 = 1225 4239 = 1375  <0.0001
HA {pg/L) 85,6 = 1543 3187 = 5561  <0.0001 1.01 1164 = 2011 4582 = 7110  <0.0001
(1.01-1.02) :
TIMPL (pg/mi) 183.5 = 53.3 2386 * 106.1  <0.0001 189.7 = 64.5 2639 = 1138  <0.0001
ADL/DSA 14+ 1.2 109 * 15.9 <0.0001 1.51 2.0+ 26 183 = 193 <0.0001
(1.07-2.15)
MAL/DSA 106 = 1.7 75 % 34 <0.0001 102 = 2.0 5.6 x 3.4 <0.0001 0.52
{0.37-0.76)

95% CI: 0.77-0.99), HA (OR: 1.01, 95% CI: 1.01-
1.02), and AOL/DSA (OR: 1.51, 95% CI: 1.07-2.15)
were independently associated with the presence of sig-
nificant fibrosis.

Comparison of Variables Associated with the Pres-
ence of Severe Fibrosis by Univariate and Multivari-
ate Analysis. Variables associated with the presence of
severe fibrosis were assessed by univariate and muld-
variate analysis (Table 2). The variables of age (P =
0.001), AST (7 < 0.0001), ALT (P < 0.0001), GGT
(P < 0.0001), bilirubin (P = 0.005), 02-MG (P <

0.0001), HA (P < 0.0001), TIMP1 (P < 0.0001),
and AOL/DSA (P < 0.0001) were significantly higher
in the severe fibrosis group than in the no severe fibro-
sis group. The variables albumin (P < 0.0001), cho-
linesterase (P < 0.0001), cholesterol (7 = 0.016), pla-
telets (P < 0.0001), prothrombin dme (P < 0.001),
and MAL/DSA (P < 0.0001) were significantly lower
in the severe fibrosis group than in the no severe fibro-
sis group. Multivariate analysis showed that age (OR:
1.15, 95% CI: 1.02-1.31), platelets (OR: 0.74, 95%
CI: 0.58-0.94), and MAL/DSA (OR: 0.52, 95% CI:

Table 3. Variables Associated with the Presence of Clrrhosis {F4) by Univariate and Multivariate Analysis

Features Ne Girhosls {(n=157) Clerhasts (n = 26) P Value {dds Hatie {95% OF) (Mulltvadate)

Age (years) 56.6 == 11.7 638 = 73 0.0016

Male sex (%) 60 (38.2) 15 (57.7) 0.061

AST {1U/L) 546 £ 41.7 749 = B37 0.016

ALT (1lU/L) 62.1 = 58.1 67.2 = 48.2 0.4486

GGT (U/L) 485 * 63.9 64.9 =+ 53.8 0.0031

Bifirubin {mg/dL) 0.6+ 0.3 1.0 £ 05 <0.0001

Albumin (g/1) 4.2 £ 04 3605 <0.0001

Cholinesterase (1U/L) 305.3 & 83.9 181.7 = 90.1 <0.0001

Cholesterol {mg/dL) 1784 *+ 333 146.9 % 29.8 <0.0001

Platelets (10%/1) 172 = 54 106 = 36 <0.0001 0.78
{0.58-0.99)

Prothrombin time (%) 887 = 355 79.2 = 181 0.0004

w2-MG (/L) 346.2 + 131.6 4169 *+ 127.8 0.019

HA (pg/L) 137.1 = 2187 617.4 = 915.1 <0.0001

TIMP1 (pg/ml) 1964 = 704 2873 = 1266 <0.0001

AOL/DSA 34*+71 24.0 * 204 <0.0001

MAL/DSA 9.8+ 24 42+ 28 <0.0001 0.67
(0.49-0.90)
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0.37-0.76) were independently associated with the
presence of severe fibrosis.

Comparison of Variables Associated with the Pres-
ence of Cirrbosis by Univariate and Multivariate
Analysis. Variables associated with the presence of cir-
rhosis were assessed by univariate and multivariate anal-
ysis (Table 3). Age (P = 0.0016), AST (P = 0.016),
GGT (P = 0.0031), bilirubin (P < 0.0001), «2-MG (P
= 0.019), HA (P < 0.0001), TIMP1 (P < 0.0001),
and AOL/DSA (P < 0.0001) were significantly higher
in the cirthosis group than in the no cirrhosis group. Al-
bumin (P < 0.0001), cholinesterase (P < 0.0001), cho-
lesterol (P < 0.0001), platelets (P < 0.0001), pro-
thrombin time (P = 0.0004), and MAL/DSA (P <
0.0001) were significandy lower in the cirrhosis group
than in the no cirthosis group. Multivariate analysis
showed that platelets (OR: 0.76, 95% CI: 0.58-0.99)
and MAL/DSA (OR: 0.67, 95% CI: 0.49-0.90) were
independently associated with the presence of cirrhosis.

Evaluation of the Two Glyco-Parameters AOL/
DSA and MAL/DSA for Estimating the Progression
of Liver Fibrosis. To assess the correlation of the two
obtained glyco-parameters with the progression of fi-
brosis, we analyzed the data of wiple lectins from
HISCL measurements on the 183 CHC patients. The
boxplots of AOL/DSA and MAL/DSA in relation to
the fibrosis staging are shown in Fig. 1A,B, respec-
tively. The AOL/DSA values gradually increased with
the progression of fibrosis and Pearson’s correlation ef-
ficient was R = 0.61. On the other hand, the MAL/
DSA values gradually decreased with the progression
of fibrosis and Pearson’s correlation efficient was R =
~0.69. Both parameters fitted the quantification of the
progression of fibrosis from F2 to F4.

LecT-Hepa, Combined with Twe Glyco-Parame-
ters, Was Evaluated in the Diagnosis of Significant
Fibrosis, Severe Fibrosis, and Cirrbosis, LecT-Hepa
was calculated using two glyco-parameters (AOL/DSA
and MAL/DSA). The boxplots of LecT-Hepa in rela-
tion to the fibrosis staging are shown in Fig. 2. The
LecT-Hepa values gradually increased with the progres-
sion of fibrosis. Pearson’s correlation coefficient
between LecT-Hepa and liver fibrosis was very high (R
= 0.72), and was superior to those for AOL/DSA (R
= (1.61) and MAL/DSA (R = —0.69). We next exam-
ined AUC to characterize the diagnostic accuracy of
LecT-Hepa at each stage of fibrosis, i.c., significant fi-
brosis (F2/F3/F4), severe fibrosis (F3/F4), and cirrhosis
(F4). For the prediction of significant fibrosis, AUC
(95% CI), sensitivity, specificity, PPV, NPV, LR (+),
and LR (=) of the test were 0.802 (0.738-0.865),
59.6%, 89.9%, 85.7%, 66.7%, 5.89, and 0.45,
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Fig. 1. Boxplot of (A) AOL/DSA, (B} MAL/DSA, and (C) LecT-Hepa
in relation to the fibrosis score. The box represents the interquartile
range. The whiskers indicate the highest and lowest values, and the
dots represent outliers. The fine across the box indicates the median
value. Corvelation of AOL/DSA, MAL/DSA, and LecT-Hepa was meas-
ured by HISCL with the progression of liver fibrosis. R: Pearson’s corre-
lation coefficient.
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Fig. 2. ROC curves of LecT-Hepa to distinguish between significant fibrosis and no significant fibrosis in patients with chronic hepatitis C (A);
severe fibrosis and no severe fibrosis (B); cirthosis and no cirthosis (C). AUC: area under the receiver operating characteristic curve; PPV: positive
predictive values; NPV: negative predictive values; LR (-+): positive likelihood ratio; LR (—): negative likelihood ratio.

respectively (Fig. 3A). For the prediction of severe fi-
brosis, AUC (95% CI), sensitivity, specificity, PPV,
NPV, LR (), and LR (~) were 0.882, 83.3%,
80.0%, 59.7%, 93.1%, 4.17, and 0.21, respectively
(Fig. 3B). For the prediction of cirrhosis, AUC (95%
CI), sensitivity, specificity, PPV, NPV, LR (+), and LR
(=) were 0.929 (0.896-0.976), 84.6%, 88.5%, 58.8%,
97.2%, 7.38, and 0.17, respectively (Fig. 3C).
Comparison of AUC, Sensitivity, Specificity, PPV,
and NPV for Predicting the Diagnosis of Significant
Fibrosis, Severe Fibrosis, and Cirrhosis. ROC curves
of LecT-Hepa, HA, TIMP1, platelets, APRI, Forns
index, Fib-4 index, and Zeng’s score for predicting sig-
nificant fibrosis, severe fibrosis, and cirrhosis were plot-
ted, as shown in Fig. 3A-C. The AUC of LecT-Hepa
for predicting significant fibrosis (0.802) was superior
to HA (0.756), TIMP1 (0.697), plateles (0.729),
APRI (0.777), Fib-4 index (0.747), Forns index
(0.783), and Zeng’s score (0.791). For predicting
severe fibrosis, AUC of LecT-Hepa (0.882) was supe-
rior to HA (0.839), TIMP1 (0.753), platelet count
(0.821), APRI (0.840), Fib-4 index (0.811), Forns
index (0.861), and Zeng’s score (0.863). For predicting
cirrhosis, AUC of LecT-Hepa (0.929) was superior to
HA (0.866), TIMP1 (0.783), platelets (0.851), APRI
(0.787), Fib-4 index (0.856), Forns index (0.887), and
Zeng’s score (0.853). Sensitivity, specificiey, PPV, and
NPV by cight noninvasive tests and markers are shown
in Table 4. In general, indicators of LecT-Hepa were
superior to other noninvasive tests and markers. Speci-
ficity and PPV used to distinguish significant fibrosis
in LecT-Hepa were supetior to those in other tests and

markers, although sensitivity and NPV by LecT-Hepa
(59.6% and 66.7%, respectively) to distinguish signifi-
cant fibrosis were inferior to those in other tests and
markers. When distinguishing severe fibrosis, the cate-
gories of sensitivity (83.3%), specificity (80.0%), PPV
(59.7%), and NPV (93.1%) for LecT-Hepa were supe-
rior to those in other tests and markers, except for
specificity (82.2%) and PPV (61.0%) in HA. When
distinguishing cirrhosis, the categories of sensitivity
(84.6%), specificity (88.5%), PPV (58.8%), and NPV
(97.2%) in LecT-Hepa were superior-to those in other
tests and markers, except for sensitivity by HA
(88.5%), Forns index (84.6%), and Zengs score
(92.3%) and NPV by Zeng’s score (98.3%).

Discussion

Our results showed that the LecT-Hepa test, calcu-
lated by combining two glyco-parameters (AOL/DSA
and MAL/DSA), had higher sensitivity and specificity
for diagnosing severe fibrosis and cirrhosis compared
to other noninvasive tests and markers for these condi-
tions. The new glyco-marker we have developed is
based on the glyco-alteration on the AGP, which is
mainly synthesized in the liver. AGP has been consid-
ered one of the best candidates for glyco-markers in
liver fibrosis or HCC. This is because it is a well-chat-
acterized glycoprotein with five highly branched, com-
plex-type N-glycans, whose alteration (e.g., desialyla-
tion, increased branching, and increased fucosylation)
occurs during the progression of liver fibrosis and car-
cinogenesis.”* Tt has already been reported that an

— 188 —



1454  ITO ET AL, HEPATOLOGY, October 2012
A & B 8
L4 ¥
N ™
Q o]
2 2
2q 2
0 £8.
go é [+]
® ]
8 i
ol o
3]
Oy T T T T C T Y T T
08 0% 050 875 i 000 025 ; 9‘513 .75 160
T-8pealcly 1-Speciiclly
segesen | o0 T.Hopa ROC are; 0,802 ==ow= HAROC area: 0.756 oo | 60T -Hops ROC areq: 0,882 ==ee HAROC aree; 0.838
wipes TP ROD mrea: 0,607 sz D ROC areg 0,720 wegons TMPTROC area: 0753 oo PILROC are: 0.821
—— e YT et Eibod ROC ares 0747 wipens APRIROG area; 0.840 e Fibod ROG arem: 0811
smndionss PG ROC ares: 0,783 S — Zgng ROC aren: G}gf sz Fotns ROC area: 0881 Zeﬁg ROC aren: .853
wmeons ReTOrENCE A
c §
4]
¥
o
\?;
2o
¥ 4
2o
&
i
s}
&
o
0 £
SR
Oy T T T T
600 025 050 075 100
1-Speciicly
=== | orT-Hepa ROC area: 0.928 === HARQC area: 0.866
e THPIROC 21620 0783 oo PHROC area; 0.851
=g APRIROC area: 0,787 =g B4 ROC area: 0,858
= g ROC area: 0,887 e Teng ROC ares: 0,853
s ROfRIEN0E

Fig. 3. Comparison of ROC curves in the performance of LecT-Hepa, HA, TIMP1, Pit, APRI, Fib-4 Index, Foms index, Zeng’s score for the diag-
nosis of significant fibrosis {A), severe fibrosis (B}, and cimhosis {C). ROC: receiver operating characteristic curve; TIMP1: tissue inhibitors of met-

ailoproteinases 1; Pit piatelet count; HA: hyaluronic acid.

increased degree of fucosylation was detected in cirrho-
sis patients using a fucose-binding lectin (AAL)-ant-
body sandwich ELISA and an automated analyzer.?*
The detection of asialo-AGP using lactosamine-recog-
aition Jectin RCA120 has also been reported as an al-
ternative method for finding cirrhosis.*> Meanwhile,

we detected many other aspects of glyco-alteration of
AGP using a multiplex sandwich immunoassay with a
43-lectin microarray,”® resulting in the selection of
three lectins—MAL, AOL, and DSA—uo serve, collec-
tively, as a fibrosis indicator and a signal normalizer,"*
Since two glyco-parameters (AOL/DSA and MAL/
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Table 4. Diagnostic Performance of Biochemical Markers and Scores by Stage of Fibrosis

(F4)

No Cirrhosis (F0-3) vs, Cirrh

No Severe Fibrosis {F0-2) vs. Severe Fibrosis {F3-4)

No Significant Fibrosis (FO-1) vs. Significant Fibrosis (F2-4)

NPV {%)

Sp (%) PPV (%)

88.5

Se (%)
84.6
8

8
8

Sp (%) PPV {%) NPV (%) AUC {35% C)
0.929 (0.896-0.976)
0.866 {0.790-0.942)
0,783 (0.710-0.887)

80

Se (%)

PPV (%) NPV (%) AUC (95% o)
0.882 {0.830-0.949)
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DSA) on AGP are normalized by an internal standard
lectin (DSA), LecT-Hepa is not influenced by the
amount of AGP. We confirmed that the use of this lec-
tin set was statistically superior to the previously
selected lectins (AAL and RCA120).

This triplex-sandwich immunoassay employing
DSA/MAL/AOL lectins and an and-AGP antibody
from the lectin microarray has already been converted
to a fully automated immunoassay analyzer (HISCL-
2000i) for clinical use.'”> Pretreatment requires 3
hours, and quantifying the two glyco-parameters for
the LecT-Hepa to use this automated analyzer takes 17
minutes. Currently, we can obtin data from LecT-
Hepa to predict liver fibrosis on the same day of blood
sample collection. This simple and reliable glyco-
marker may be suitable for clinical use, and may sub-
stitute for liver biopsy in some cases.

We are confident that our study samples are repre-
sentative of most patients. The AUC scores for distin-
guishing significant fibrosis, severe fibrosis, and cirrho-
sis by APRI, HA, Fib-4 index, Forns index, and
Zeng's score were not significantly different from those
in previous studies.'*”*® Every serum sample in this
study was obtained from a patient immediately before
or no more than 2 months after liver biopsy. As many
serum samples as possible were collected from each
liver center to eliminate a selection bias in any center.
Since we could not perform liver biopsy on the
patients who had a tendency to develop hemorrhages,
fewer samples of severe fibrosis and cirrhosis were col-
lected than those of milder fibrosis. In fact, the popu-
lation of fibrosis staging in this study was similar o
that of a previous, large prospective study evaluating
noninvasive fibrosis markers.”? In addition, we did not
include patients with obvious decompensated cirrhosis.
This is because inclusion of patients with severe liver
disease would have artificially improved the predictive
values of the logistic function. On the other hand, we
included many patients with mild histological features
(48.6% with FO-1). Sampling variation poses potential
difficulties, especially in the early stages of disease,
when fibrosis might be unevenly distributed.

There are several advantages in using reliable nonin-
vasive markers for assessing liver fibrosis. First, they
can be used to accurately determine the appropriate
time for initiating IFN weatment in CHC patients.
These markers can also help monitor and assess the
therapeutic efficacy of IFN treatment in improving
liver function in cases of liver fibrosis and cirrhosis.
Finally, these markers will be essential in the develop-
ment of new, antifibrotic treatments. Recently, many
directed or targeted therapies against liver fibrosis,
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such as anti-transforming growth factor beta and anti-
tumor necrosis factor alpha compounds have been
developed.*™! To evaluate these new drugs, reliable
and simple noninvasive fibrosis markers are needed.
LecT-Hepa appears to be one of the most prominent
candidates to serve as a marker for developing antifi-
brotic drugs.

In conclusion, both glyco-parameters (AOL/DSA
and MAL/DSA) using lectins in a bedside, clinical
chemical analyzer succeeded in the quantification of
the progression of liver fibrosis. Using LecT-Hepa, the
combination score of both AOL/DSA and MAL/DSA
is a reliable method for determining fibrosis staging
and can be a good substitute for liver biopsy.
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introduction

Abstract

Background and Aim: The inosine triphosphatase (ITPA) genotype is associated with
ribavirin-induced anemia and pegylated interferon o (PEG IFN-o)-induced platelet reduc-
tion during PEG IFN-o plus ribavirin combination therapy, Natural IFN-B plus ribavirin
therapy is associated with increases in platelet counts during treatment. We investigated
decreases in platelet counts according to /TPA genotype during natural IFN-B/ribavirin
therapy to determine if patients with low platelet counts were eligible for this combination
therapy.

Methoeds: Atotal of 187 patients with chronic hepatitis C received PEG IFN-o/ribavirin or
natural IFN-B/ribavirin therapy. Decreases in platelet counts based on JTPA genotype were
investigated during treatment through 24 weeks.

Results: Platelet counts decreased during week 1 of PEG IFN-g/ribavirin therapy, but
increased during week 2, after which platelet counts decreased gradually. Platelet counts
decreased until week 4 of natural TFN-P/ribavirin therapy, after which platelet counts
increased. Platelet counts after week 8 were higher relative to pretreatment platelet counts.
Patients with the 77PA-CC genotype showed a smaller decrease in platelet counts during
natural IFN-B/ribavirin therapy than those with the ITPA-CA/AA genotype; platelet counts
after week 8 of this therapy were higher than pretreatment platelet counts, regardless of
pretreatment platelet counts. Multivariate logistic regression analyses showed that natural
INE-B/ribavirin therapy was the only significant independent predictor for an increase in
platelets through week 8.

Conclusion: Natural IFN-B/ribavirin therapy is safe for patients with the ITPA-CC geno-
type, even if their pretreatment platelet counts are low.

cated for the treatment of chronic hepatitis C. This therapy is
associated with greater increases in platelet counts than seen with

The introduction of pegylated interferon-o. (PEG IFN-¢r) plus rib-
avirin (PEG-IFN/RBVY) combination therapy has led to an
improved sustained virclogical response (SVR) rate in patients
with chronic hepatitis C receiving IFN therapy.""® However,
cytopenia has been observed during PEG-IFN/RBY therapy. Spe-
cHically, cases of RBV-induced anemia and PEG-IFN-induced
thrombocytopenia or neutropenia have been reported, and we have
previously described cases of RBV-induced anemia.” A genome-
wide association study (GWAS) identified the inosine triphos-
phatase gene (JTPA) single nucleotide polymorphism (SNP) as
being strongly associated with RB V-induced anemia.*'0 This ITPA
SNP was also reported to play a role in the decreases in platelet
counts that occur during PEG-IFN/RBV therapy.""* In Japan,
natural INF-B plus ribavirin (IFN-B/RBV) therapy has been indi-

Journal of Gastroenterology and Hepatology 27 (2012) 14681-1466

PEG-IFN/RBV therapy." Therefore, we investigated the associa-
tion between the JTPA genotype and decreases in platelet count
during IFN-B/RBV therapy to determine if patients with a low
platelet count were eligible for IFN-$/RBV therapy.

Methods

Patients. A total of 187 patients with chronic hepatitis C who
received IFN therapy for at least 24 weeks at the Shinkokura
Hospital between January 2009 and April 2011 were included in
the study. The study protocol was in compliance with the Good
Clinical Practice Guidelines and the 1975 Declaration of Hels-
inki, and was approved by the Institutional Review Board. Each
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patient provided informed consent before participating in this
trial.

Criteria for exclusion were as follows: (i) clinical or biochemi-
cal evidence of hepatic decomposition or advanced cirrhosis iden-
tified by ascites, encephalopathy, or hepatocellular carcinoma; (if)
IFN-B/RBV: a white blood cell count of less than 3 x 10%/L and a
platelet count of less than 50 x 10%L, PEG-IFN/RBV: a white
blood cell count of less than 4 x 10%L and a platelet count of less
than 80 x 10%L; (iii) concomitant liver disease other than hepatitis
C (hepatitis B surface antigen~ or human immunodeficiency virus-
positive); (iv) excessive active alcohol consumption exceeding
60 g/day or drug abuse; (v) severe psychiatric disease; and (vi)
antiviral or corticosteroid therapy in the 12 months prior to
enrollment.

IFN-B/RBY combination therapy. Interferon-f (Feron;
Toray Industries, Tokyo, Japan) was given intravenously at a dose
of 6 million units (MU) daily for 4 weeks, followed by three times
a week for 20-44 weeks. The ribavirin (Rebetol; MSD, Tokyo,
Japan) dose was adjusted according to body weight (600 mg for
= 60 kg; 800 mg for > 60 to = 80 kg; and 1000 mg for > 80 kg),
based on the guidelines of the Ministry of Health, Labor and
Welfare of Japan.” The drug was administered orally after break-
fast and dinner.

PEG-IFN/RBY  combination therapy. Pegylated
interferon-0-2B (PEG-Intron; MSD) was injected subcutaneously
at a median dose of 1.5 pg/kg (range: 1.3-1.5 pgrkg) once a week.
Ribavirin was administered twice a day according to body weight,
as described for IFN-B/RBV combination therapy.

This study was a prospective, nonrandomized open trial. Platelet
counts and hemoglobin levels were measured at baseline and at
weeks 1, 2, 4, 8, 12, and 24.

We genotyped each patient for two SNPs: 1s8099917, an IL28B
SNP previously reported to be associated with therapy outcome,
and rs1127354 (14), an ITPA SNP reported to be associated with

H Nomura et al.

ribavirin-induced anemia' and decreases in platelet counts.”
Samples were genotyped using the IHlumina HumanHap610-Quad
Genotyping BeadChip or with the Invader or TagMan assay, as
described elsewhere.'5!7

Statistical amalysis. Statistical analysis was performed
using PASW Statistics, version 18 (SPSS, Chicago, IL, USA) and
R, version 2.11. Categorical data were analyzed using the %2 test
and Fisher’s exact tests, and continuous data were analyzed using
the nonparametric Mann—-Whitney U-test. Univariate and multi-
variate logistic regression analyses were used to determine the
factors that significantly contribnted to the increase in platelets
> 0 x 10°/L.from week 0 through week 8. The odds ratios (OR) and
95% confidence intervals (95% CI) were also calculated. All
P-values found to be less than 0.05 by the two-tailed test were
considered significant. Variables that achieved statistical signifi-
cance (P < 0.1) on univariate analysis were entered into a multiple
logistic regression analysis to identify significant independent pre-
dictive factors. The potential pretreatment factors associated with
increases in platelets > 0 x 10%/L from week 0 to week 8 included
the following variables: age, sex, method of IFN treatment, hepa-
titis C virus (HCV) genotype, ITPA genotype, IL28B genotype,
hemoglobin, platelet count, alanine aminotransferase (ALT),
v-glutamyl transpeptidase (y-GTP), and HCV RNA level.

Results

The clinical backgrounds of chronic hepatitis C patients before
combination therapy with IFN-B/RBV or PEG-IFN/RBV are
shown in Table 1. The mean age of patients receiving IFN-B/RBV
therapy was 59.3 years and that of patients receiving PEG-IFN/
RBYV therapy was 57.9 years, with no difference between the two
patient groups. The PEG-IFN/RBV group had more men, although
the number was not significantly higher. All baseline laboratory
parameters, including hemoglobin levels, platelet counts, ALT
levels, v-GTP levels, and HCV loads, showed no differences

Table 1 Clinical background before combination therapy with interferon B plus ribavirin (IFN-B/RBV} or pegylated interferon plus ribavirin (PEG-IFN/

RBV) in chronic hepatitis C patients

IFN-B/RBV PEG-IFN/RBV Pvalue
n=45 n=137
Age Year (SD) 59.3 (14.3) 57.9 (10.4) ns
Sex M/F 22/23 73/64 ns
Hb g/dL (SD) 14 (1.5) 142 (1.4) ns
Platelet 10°%L (SD) 178 (69} 183 (59) ns
ALT IU/L (SD) 84.1 (63.3} 765 (64) ns
+GTP IU/L (SD) 79.1 (56.29) 69.5 {568.5} ns
HCV loglU/mL. {SD) 6.7 (1.1) 6.4 (0.9) ns
HCV genotype 1/2 21/24 102/35 < 0.001
ITPA (rs1127354) CC/CA or AA 36/9 99/38 ns
JL28B (rs8099917) TT/TG or GG 35/10 96/41 ns
Decrease in platelet count at week 1 10%L (SD) —47 {32) —47 (43) ns
Decrease in platelet count at week 4 10%L (SD) ~42 (33} -28 (33} < 0.05
Decrease in platelet count at week 8 10%L (SD) 19 (36} -35 (43} < 0.0001

ALT, alanine aminotransferase; v-GTP, yglutamyl transpeptidase; HCV, hepatitis C virus; ITPA, inosine triphosphate pyrophosphatase; ns, not

significant; SD, standard deviation.
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Platelet count reduction (109L)

o 4 8 12 16 20
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Figure 1 Decreases in platelet count during combination therapy with
IFN-B/RBV or PEG-IFN/RBY {closed circle, IFN-B/RBV; closed square,
PEG-IFN/RBV; *P< (.05, IFN-B/RBV versus PEG-IFN/RBY at week 2;
**P < 0,0001, IFN-B/RBV versus PEG-IFN/RBV at weeks 8, 12, 16, 20,
and 24). IFN-B, interferon B; BBV, ribavirin; PEG-IFN, pegylated
interferon.

between the two patient groups. Significantly more patients with
HCV genotype 1 were in the PEG-IFN/RBY group (P < 0.001). A
total of 74% (135/182) patients had the ITPA-CC genotype, while
72% of patients had the 7L28B TT genotype. The frequencies of
the ITPA-CC genotype and the JL28B TT genotype were compa-
rable between the two patient groups. There was no difference in
the decreases in platelet counts at week 1; however, at weeks 4 and
8, decreases in platelet counts differed significantly between the
two patient groups (P < 0.0, P < 0.0001).

Platelet count decreases that occurred during combination
therapy with IFN-B/RBV or PEG-IFN/RBV are depicted in
Figure 1. A decrease in platelet counts of 47 X 10°/L was observed
at week 1 doring IFN-B/RBVY therapy. Subsequently, platelet
counts transiently increased at week 2, but reduced again at week
4. Plarelet counts reduced for 4 weeks after the start of treatment,
as [FN-B/RBYVY therapy involved continuous, daily dosing with
IFN-§ for 4 weeks after the start of treatent. As per the treatment
protocol, IFN-f administration was subsequently reduced to
thrice-weekly dosing. At week 8, platelet counts increased and
were significantly higher than the pretreatment platelet counts
(P < 0.001). Platelet counts remained unchanged after week 8, A
reduction of 47 % 10%/L was observed at week 1 during PEG-TFN/
RBYVY therapy, similar to the reduction that was observed during
IFN-B/RBV therapy. Subsequently, platelet counts increased at
week 2, decreased at week 4, and gradually decreased further after
week 8. The decrease in platelet counts at week 4 during TFN-f/
RBV therapy was significantly larger than the decrease observed
during PEG-IFN/RBYV therapy (P <0.05). However, platelet
counts after week 8 of IPN-B/RBV treatment were significantly
higher than those during PEG-IFN/RBV therapy (P < 0.0001), due
to a rapid increase in platelet counts after week 4 of the IFN-f/
RBV regimen.

Decreases in hemoglobin levels in relation to the /7PA genotype
(rs1127334: CC, CA/AA) are shown in Figure 2. At week 2, a
large decrease in hemoglobin levels was observed in patients with
the ITPA-CC genotype. There was no difference in hemoglobin

Journal of Gastroenterology and Hepatology 27 (2012) 14611466
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Hemaoglobin reduction (g/dL)

00123458678 9101112 (weeks)
Figure 2 Decreases in hemoglobin levels according to inosine triphos-
phate pyrophosphatase {ITPA) genotype during combination therapy
with IFN-B/RBV {closed circle, /TPA-CC; open circle, ITPA-CA/AA;

*P<0.01, ITPA-CC versus ITPA-CAJ/AA (rs1127354) at weeks 4, 8, and
12}. IFN-B, interferon B; RBV, ribavirin.

30-
20
10

Platelet count reduction (109/L)
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Figure 3 Decreases in platelet count according to inosine triphosphate
pyrophosphatase (/TPA) genotype during combination therapy with IFN-
B/RBV (closed circle, ITPA-CC; open circle, /TPA-CA/AA; *P<0.05,
ITPA-CC versus ITPA-CA/AA (rs1127354) at weeks 8 and 12). IFN-B,
interferon f; RBY, ribavirin.

levels based on ITPA genotype up to week 2 in patients receiving
IFN-B/RBY therapy. Patients with the ITPA-CC genotype showed
a significantly larger decrease in hemoglobin levels at weeks 4, 8,
and 12 than those with the ITPA-CA/AA genotype (P < 0.01).

Platelet counts during combination therapy with IFN-B/RBV
according to the JTPA genotype is shown in Figure 3. Similar
changes in platelet count decreases were observed in patients with
the ITPA-CC and ITPA-CA/AA genotypes. Patients with the
ITPA-CC genotype showed a smaller decrease in platelet counts at
weeks 1,2, 4, 8, 12, 24 during therapy compared to those with the
ITPA-CAJAA genotype. Specifically, patients with the /TPA-CC
genotype showed a statistically lower degree of platelet decrease at
weeks 8, 12, and 24 than those with the JTPA-CA/AA genotype
(P < 0.05). Patients with the ITPA-CC genotype had significantly
increased platelet counts at week 8 compared with the pretreat-
ment platelet counts (P < 0.0001).

Decreases in platelet counts during combination therapy with
PEG-IFN/RBV in relation to the ITPA genotype are shown in
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Figure 4 Decreases in platelet count according to inosine triphosphate
pyrophosphatase (fTPA) genotype during combination therapy with
PEG-IFN/RBV (closed square, ITPACC; open square, [TPA-CA/AA;
*P<0.05 ITPACC versus ITPACA/AA (31127354} at week 12;
**P<0.01, ITPA-CC versus ITPA-CAIAA (rs1127354) at weeks 4 and 8).
PEG-IFN, pegylated interferon; RBY, ribavirin.

30
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0 e

Platelet count reduction (109/1.)
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Figure 5 Decreases in platelet count relative to pretreatment platelet
counts during combination therapy with IFN-B/RBY  (closed
circle, = 150 x 10%.; open circle, <150 x 10%L; *P< 008, = 150 x
10%L versus < 150 x 10%L at week 1). IFN-B, interferon §; BBV, ribavirin.

Figure 4. Similar changes in platelet count decreases were
observed in patients with the ITPA-CC and ITPA-CA/AA geno-
types. Patients with the /7PA-CC genotype showed a lower degree
of platelet reduction at weeks 1, 2, 4, 8, 12, 24 during therapy
compared to those with the CA/AA genotype. Specifically,
patients with the J/TPA-CC genotype had a significantly smaller
decrease in platelet counts at weeks 4, 8, and 12 than those with the
ITPA-CAIAA genotype (P < 0.01, P <0.05).

Platelet reduction during combination therapy with IFN-B/RBVY
compared with pretreatment platelet counts is shown in Figure 5.
At week 1, patients with a low prefreatment platelet count
{< 150 x 10°/L.) showed a significantly smaller decrease in platelet
counts than those with a high pretreatment platelet count
(= 150 x 10%/L; P < 0.01). Five patients had pretreatment platelet
counts of = 100x 10%L, and a decrease in platelet counts of
= 40 x 10°%L was observed in these patients at week 1. Patients
with low pretreatment platelet counts showed a small decrease in
platelet counts at week 1, after which there was no difference in
platelet counts between the groups of patients with high and low
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Figire 8 Decreases in platelet count according 1o inosine triphosphate
pyrophosphatase (/TPA) genotype during combination therapy with IFN-
B/RBV in patients with pretreatment platelet counts {< 150 x 10%L)
(closed circle, /TPACC; open circle, ITRPA-CA/AA). IFN-8, interferon B;
RBY, ribavirin.

pretreatment platelet counts. Among patients with both high and
low pretreatment platelet counts, platelet counis at week 8 were
significantly increased compared with pretreatment platelet counts
(P <001, P<0.05).

Decreases in platelet counts according to ITPA genotype during
combination therapy with IFN-B/RBV for patients with pretreat-
ment platelet counts (< 150 x 10°/L) are shown in Figure 6. For
patients with pretreatment platelet counts of <150 x 10%L,
patients with the ITPA-CC genotype showed a smaller decrease in
platelet counts than those with the I7PA-CA/AA genotype.

The results of univariate and multivariate logistic regression
analyses of factors associated with the increase in platelets
> 0 x 10°L from week 0 to 8 are shown in Table 2. Univariate and
multivariate logistic regression analyses revealed that IFN-B/RBV
therapy was the only significant independent predictor for the
increase in platelets > 0 x 10%/L from week 0 to week 8.

Only one patient in the IFN-B/RBYV group was withdrawn from
the study by week 24. The reason for discontinuation was pro-
teinuria. The dose of IFN was reduced only in the one patient. The
dose of ribavirin was reduced in four of 45 patients, all of whom
had the ITPA-CC genotype.

Discussion

This stady showed that the platelet counts of patients undergoing
IFN-B/RBV combination therapy for chronic hepatitis C infection
after week 8 are higher than those before treatment. Moreover,
patients with the 77PA-CC genotype showed a smaller decrease in
their platelet counts not only during IFN-B/RBY, but also with
PEG-IFN/RBYV therapy, compared to those with the /TPA-CA/AA
genotype. In particular, the results demonstrated that platelet
counts after week 8 during IFN-B/RBV therapy were higher than
pretreatment platelet counts, regardless of pretreatment platelet
counts. Compared with pretreatment platelet counts, patients with
the TPA-CC genotype had markedly increased platelet counts
after week 8 of IFN-B/RBV therapy. Multivariate logistic regres-
sion analyses showed that IFN-B/RBV therapy was the factor that
contributed to increased platelet counts at week 8 relative to pre-
treatment platelet counts.
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Table 2 Results of univariate and multivariate logistic regression analyses of factors associated with the increase in platelets > 0 (10%L) from week

0 to week 8

Simple regression Multiple logistic regression
Factor Range Odds ratio P-value Odds ratio Pvalue
Age {years) = 60/« 60 1.219 0.389 - -
Sex Male/Female 1.218 0.554 - -
Genotype 142 1.303 0.451 - -
Method of IFN therapy IFN-B/RBV/PEG-IFN/RBY 20.797 < 0.0001 23.596 < 0.0001
ITPA CC/CA or AA 0.468 0.073 - -
1L28B TT/TG or GG 0.568 0.153 - -
Baseline hemoglobin < 14/= 14 g/dL 0.569 0.153 - -
Baseline platelet count < 150/= 150 10%L 0.737 0.399 - -
Baseling ALT = BO/< 50 U/ 1.646 0.140 - -
Baseline vGTP = 45/« 45 WA 1.603 0.166 - -
Baseline viral load =6.0/<6.0 LoglU/mL 1.833 0.091 - -

ALT, alanine aminotransferase; vGTP, y-glutamy! transpeptidase; IFN-B, interferon-f; ITPA, inosine triphosphate pyrophosphatase; RBY, ribavirin;

PEG-IFN, pegylated interferon.

A GWAS identified several new host genetic variants that may
be important for PEG-IEN/RBYV therapy in chronic hepatitis C.
One of these was the SNP in the IL28B gene that was strongly
associated with therapy outcome,'®?' and another was the ITPA
gene that was associated with RBV-induced anemia during PEG-
IFN/RBYV therapy in chronic hepatitis C.%1

Tanaka et al. reported that one SNP (r511697186) located on the
DDRGK1 gene on chromosome 20 showed strong associations with
adecrease in platelet counts in response to PEG-IFN/RBYV therapy,
and fine mapping with 22 SNPs around the DDRGKI and ITPA
genes showed that rs11697186 had strong linkage disequilibrium
with rs1127354, known as a functional variant of the JTPA gene.!!
‘We investigated the changes in platelet count decreases during
IFN-P/RBV or PEG-IFN/RBYV therapy relative to the ITPA geno-
type (CC, CA/AA). PEG-IFN/RBYV therapy was associated with a
larger decrease in hemoglobin levels among patients with the
ITPA-CC genotype than those with the ITPA-CA/AA genotype.®'¢
A reactive increase in platelet counts was observed from week 1
through week 4 of treatment, with patients with the /TPA-CC
genotype showing a higher degree of a reactive increase in platelet
counts. This trend was similar to findings reported by Tanaka et al.,
who reported that a reactive increase in platelet counts occurred
secondary to RBV-induced anemia through week 4.1!

In this investigation, decreases in hemoglobin levels were also
observed from weeks 2 through 4 during IFN-B/RBV therapy.
Secondarily, a temporary reactive increase in platelet counts
occurred. IEN-B/RBV therapy involves continuous daily dosing of
IEN-f§ for 4 weeks, and therefore, platelet counts typically
decrease up until week 4, after which platelet counts rapidly
increase following a reduction in the dosing frequency of IFN-§ to
thrice-weekly dosing. However, patients receiving IFN-B/RBV
therapy had higher platelet counts at week 8 than pretreatment
platelet counts. Arase et al. reported that platelet counts increased
following a reduction in the dosing frequency of IFN-B from
continuous daily dosing to thrice-weekly dosing.”® We could dem-
onstrate evidence of a relationship between the reduction of the
dosing frequency of IFN- and increases in platelet counts because
we developed a treatment protocol using a 4-week continuous
daily dosing of IFN-B and complied strictly with the protocol-
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defined duration of continuous daily dosing of 4 weeks. A higher
degree of these recurrent increases in platelet counts was observed
in patients with the JTPA-CC genotype than in those with the
ITPA-CA/AA genotype. As with PEG-IFN/RBYV therapy, patients
with the ITPA-CC genotype showed a smaller decrease in platelet
counts during IFN-B/RBV therapy. In the present study, our results
demonstrated that the ITPA genotype was strongly involved in
platelet reduction during IFN therapy, in both PEG-IFN RBV and
IEN-B/RBYV therapy.

The ITPA genotype is strongly associated with ribavirin-induced
anemia and IFN-induced platelet reduction, although the reasons
for these associations are not clear. Erythropoietin (EPO) is pro-
duced when hemoglobin reduction occurs as a result of ribavirin-
induced anemia. The sequence homology of thrombopoietin
(TPO) and EPO may explain the synergy of the physiological roles
of TPO and EPO in platelet production. When EPO is elevated, as
in jron deficiency anemia, an amino acid sequence similar to TPO
may increase the platelet count.

In Japan, the TFN-B/RBV regimen used in the present study has
been indicated for chronic hepatitis C patients receiving IFN-
based therapy. The SVR rate among patients with HCV genotype
1 who were treated with IFN-B/RBV was lower (approximately
409%) than that among those treated with PEG-IFN/RBV.” We
reported that IFN-B/RBV therapy was associated with a lower
incidence of depressive symptoms or sleep disorders than PEG-
IFN/RBYV therapy.”® Therefore, we have also used IFN-B/RBV
therapy in elderly patients or patients with concurrent depression.
Patients with HCV genotype 2 who were treated with IFN-B/RBV
had an SVR rate of approximately 87%, which was similar to that
observed in those treated with PEG-IFN/RBV.* This study is a
prospective, nonrandomized open trial. Thus, the SVR rate among
patients with HCV genotype 1 who were treated with PEG-IFN/
RBV was higher than the SVR rate of those treated with IFN-f/
RBV. IFN-B/RBV therapy was performed only in patients with
depression or sleep disorder, thus the number of enrolled patients
with HCV genotype 1 who were treated with IFN-B/RBV was
small. As for patients with HCV genotype 2, since there was no
difference in the SVR rate between IFN-B/RBV and PEG-IFN/
RBYV therapies, the number of enrolled patients was not different.
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Therefore, more patients with HCV genotype 1 were included in
the PEG-IFN/RBV group.

In this investigation, there were few discontinuations, dose
reductions of IPN, and dose reductions of ribavirin in the IFN-/
RBYV group. This is likely due to the fact that few patients devel-
oped anorexia, no patients showed weight loss, and dietary intake
was adequate during the IFN-B/RBV therapy.

In the present study, patients with the /TPA-CC genotype
showed a higher increase in platelet counts after week 8 during
IFN-B/RBV therapy than those with the ITPA-CA/AA genotype.
Platelet counts after week 8 were increased compared with pre-
treatment platelet counts, regardless of pretreatment platelet
counts. In patients with low pretreatment platelet counts, patients
with the I7PA-CC genotype showed a smaller decrease in platelet
count than those with the CA/AA genotype, and the platelet counts
were increased after week 8. The IFN-B/RBV regimen appears to
be a safe strategy for IFN therapy for patients with the I7PA-CC
genotype, even if they have low pretreatment platelet counts.

The present study demonstrated that as with PEG-IFN/RBV
therapy, patients with the /TPA-CC genotype showed a smaller
decrease in platelet counts during IFN-B/RBV therapy. Platelet
counts after week 8 of IFN-B/RBV therapy were increased com-
pared with pretreatment platelet counts, regardless of pretreatment
platelet counts. Therefore, we concluded that IFN-B/RBV therapy
is safe for patients with the JTPA-CC genotype, even if their
pretreatment platelet counts are low.
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Table 1. BHF & PEGIEN/RBY i HfHE O R
. HCV- HCY adherence HCV- e
HCV o gt S . Plt (%) o R 7
I P RNA HCVIEN ofEs Sifig ALT  TBil Alb WBC Hb (00, pesin ey RNA B N0 JRR
EA Y FH A 800" (loglU/ el MM (e/EH) (IU/) (mg/a) (g/d)) (/ul) (g/dD) (‘u})‘) FER bpg TR g PN
yoe ) (4F) | Ty RBV  ca) O
1 M 30mf #H& 1b 6.0 Ay 25 20 38 091 44 8100 164 242 SRE 100 100 it 48 NR
st
2 M 40t W& 1b 60 il 2 0 78 103 45 6700 151 239 GRBt 100 100 4 48 SVR
3 F 2004t BB Ib 61 F—muN 7 0 136 0.76 33 4600 124 118 R#H 50 100 g 8 32 BT
4 M 60mft #E 2 64 4 20 0 31 135 44 8800 124 125 RH 70 65 WB%,} 8 48 SVR
Hb ¥4
5 M 30ft @ 2 70 P 10 30 69 040 50 6000 149 283 AZFL 100 100 8 24 SVR
6 M 405t #EE  3a 59 Epg e 30 0 78 1.58 38 6800 131 163 R 70 70 WBC, 8 48 SVR
Plt, Hb
7 M 30mft HE 3b 6.3 M7Y7 4 40 94 0.68 47 6300 161 186  A2F2 100 100 4 24 SVR
8 F 30t #& 3 68 W7 o7 3 0 28 0.51 44 4900 129 180 kB 50 100 \}gﬁj@ I@@%’EB 12 NR
1‘. :i)\ 4 =
9 F 30 W& da 58 WETIYT 9 0 66 0.55 42 5200 128 196 kB 100 100 A > 7 1!)1/ 16 24 Rel
R
SRR
10 M B0 #f 6n 67 WETYT 13 0 21z 0.65 50 9400 173 287 kAR 100 100 8 43 SVR
* 5 EIP T O A TSGR EANIC X B EY, PEGIFN 7 A ¥ 7 —7 =0 ¥, RBV: UsSY ) ¥, adherence : #d% 58/ 5 M b o F 258, NR non-

response, SVR ; sustained virological response, BT ; virological breakthrough, Rel: relapse.

8811

L M i H

Pl
HE

F6018%

&L



201248 7 A

Table 2. HIV {EOIRR
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N g ops ENEIHRO pygy  PNESHO Y
ot el OGP grvages VL mviesmasry)  mvsmeozz  LEED
(/uny = (copies/mp)  [EEAEIR g
(/ul) {copies/ml)
1 631 455 LOX10°  10x10° nL
2 59 344 Wllies MY AZT, 3TC, NVP ABC, 3TC. NVP  IFN A
12 HG
5 5% 393 B#$  20x100  TDF, FIC, EFV
4 488 1 Wiy WMes  ABC, 3TC, LPV/r
5 532 416 Wi WM AZD 3TC, EFY  TDE, FTC, RAL IFN #AM:
6 461 116 BllieS MR AZD STC, LPV/r DR 3TC, LV INHA
2 384
7 500 su4 fllers  BHY  TDF FTC BEV TDR FTC, RAL IENJA
24 7T
s 7l 533 WS Wi TDE, FIC, FPV
9 119 BT dley AZT, 3TC, ABC, 3TC,  IFNGA
SQV-HGC, RTV ~ SQVHGC, RTV 6 il
0 9% 490 WY Wil T, 3TC, NVP

AZT VRTV Y, 3TC: 93792, NVP: A¥I ¥y, ABC: P28HEN, TDF: F /5N, BPTC: =4 MY
HE Y, BRV: 27 7¥ vy, LPV/r: o€+ (DEY VFELMER), RAL: SVF7 5L, FPV . kA
Ty TUFEN, SQV-HGC; FEF LN, RTV: Y FFEN, 4T =7V,

mxh 1 PITH o 7.
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Table 2 {2 HIV (20§ 2 IR IZOWTOR L7z
PEGIFN, RBV ffF#EEBMART O CD4 Btz
Bt 323~935/ul T o 7245, PRAEEDOHM
WROWAZ LS wEfTEORIZRDH7. H
FRBRIIEZ FE L3 & 8115 CD4 B
Ha% 200/ DF A~ DAL 3P 248, &
SEFNZ B THREEP I B BIE DA IHIRD
Tz, PEGIFN, RBV #f FREE B MG HT o HIV-
1EEMEE, 18 GEFL) T 10x10copies/m!
Tholzdt, TOEMIBEREEDARTCDL
PRI DS 500/W DB & HERE LT 7z, HAART
oW TiE, Zo 1 #%Z BT 9Fic PEGIFN,
RBV SHSE MR A T b LT 203
B, 18 (EF4) RIFNBEEZHBETLIZ L%
TR ICHE 24 B IC HAART BB EINTB

0, TOMOMEAIILE X Y HAART P frbh
Tz, PEGIFN, RBV i FI# O BIGIC 472 -
T, AP FT Yy (AZT) H oAb ORE R
RERRRENCEE T bz, BRI
WX 1 GEFI6) T PEGIFN, RBV BF 5%
ERE 2 A, 1B GEMS) < FEBEE A
EATITEBS, Mo 361 GEFI2, 7, 9) ZHE
PR OB 6~24 BRTICEHE ST/

PEG-IFN, RBV f F# B MG 2 B Z I AZT %
U7 NS LR & R o AR T &
Jm & T, AZT # Z ¥ ¥ % Bl 2 PEGIFN, RBV
PRSI S N2 o Lok b, BRICHmE
2L, —# PEGIFN, RBV #FHBE ik & %o
72, FOBRAIT 25 /7 KNV (TDR)IZEHE L,

WP IZH M L PEGIFN, RBV BF Atk
DEMPTREL 2 1), ZOB S &M, kR,

CD4 Wi B A % e 720 48 B ok 5 %
FTFH T ENTES (Figurel). T72, EEBR
WIEEBEREHN O 7 7 L vy (EFV) &
HWELREOBMEREE LTI L2 HH
|2, PEGIFN, RBV fRHEEEAICY -T2
FEE GEES, 7) 1238w T oA 18 AT
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PEG-IFNaZb  60pg/w
RBV  600mg/day %

HCV-RNA 6.3 594.9() (- ()

BAHLimaaiat #1008 875

() B 6 BEHEEEE (Logiu/mi)

6000 500, S = a4
. <
b 2N i
5000 S 400 i /\\ ' ~FH Ol ,/./ A 123
<:;;“14000 > '\ - A 10 \
> 300 - / P 44
% 3000 | B J ]
B # 200 / 5
2 2000 % 1 lf
1000 8 100 CD4B AR ,
o 0
s 11H 2R 58 88 128 4B
20054 20064 20074E

Figare 1. #E #16 3 $# # 38 HIVIC 5 37 5 AZT, 3TC, LPV/riz & 3
HAART BIRPIIRI A ¥ 7 —T x>,
BaNESTE Ul PREOBESE RS, FLWERRERLL A v

YT,

DAY CEHERER R LA A

URE Y CEERREA YIRS L, AZT B TDR AT L, fuski
DEELZ S TIhLRT L v F—TzT
OB, MEESERD LS B HEOHRBEEETE SVREDS
VRISV, TDF; F2hREN, 3TC; 337y, LPV/a: v

YN Y HRETER L. €
Nz AZT:

U MY LESR), PEGIFNGZh: RF A V¥ — 7207 alh, RBV: U/EY ¥,

b B, P31 HAART 2307 % adher-
ence DA R0, HEGIC HIV O FEHELS
R BTz As, CD4 B R0 200/ Ml B %
HERR L T,

ESRIOMF NS OBERTH 2 BRICBIT 5
HIV, HCV BEESREGO S 5 27 #1T HCV geno-
type et L7z, Mk A o & % g
B 12 FEPITIE. genotype la 258 ¥ (667%) &
BHE <, 3aef (167%), 1bdB & UF2ads
FRERIB B3%) THhoiz. —F, FEIME
I 72 B LLAY © oo BRI 15 W T, geno-
type b 25661 (400%) EH|IELL, laB LT
ShsFEnFn 2@ (133%), 2b, 2¢, 3a, 4a,
n BENFNLH (67%) THote (Table3).

v #Z =
SETOL A, HIV, HCV EEREICBIT
5 CBUBMHFJIEEIL, HCV B - AR
PEG-IFN, RBViFH#EEZ R LR TET

(58)

VWA, —EiC HIV, HCV EdEdEfTo PEG-
IFN, RBV HEHEE, HCOV HpURREF £ L Ik
B UTHERRP R & ST w55, FOHEHIIX
FHICRIAS ISR Ty, EEORIEICY
Foo Tk, WHEE AR T4 7 CD4 B2
AT B I LAY HCY BHROREN Lo Rt
LeoHHELH DT, BLEITE UTHAART 24
HT s PRI NTWEY, 20K
HAART L 0FEWHEERICL 2 FEFRICY
BLoD, +ohBEORHCY 3% 47k %
555 ENFBEBREEZLNTHEY.

A, HBCo IV, HCV BEEEEN B
B CEUEMEIF4IC3 3 A PEGIFN, RBV fA]
BEROBRERE Lo, EEHCEBBD
REED R d o o, —EERIT HIV IS T 53R
WNAEOLEE R LEL LS, BEREIHEILR
B o B, —EZCD4 B
200/l BLF oA, BHEBEROBREIE
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Table 3. HEEICBIT S HIV/HCYV EHEYE O HCV genotype
HCV S N , &
i Sl i i B SN B DA =

genotype (n=12) (n=15) (0 =20
1a 8 (66.7%) 2 (133%) 10 (37.0%)
b 1 (83%) 6 (40.0%) 7 (259%
2a 1 (83%) 0 (0%) 1 (37%)
Zb 0 (0%) 1 (6.7%) 1 (37%)
2% 0 (0%) 1 (67%) 1 (37%)
3a 2 (16.7%) 1 (67%) 3 (11.1%)
3b 0 (0%) 2 (133%) 2 (74%)
da 0 (0%) 1 (6.7%) 1 (3.7%)
6n 0 (0%) 1 (6.7%) 1 (37%)

mBEWhILTEY, HCVICH T4 IFN £ Hwv
7o HR OB A HEIE X Y, HIV O BREMEL
ENTWBY. SEOEL, RERGRICBW
TRERFOREEE LT, —7, b
T T OER TR MBS 2 #, Tl
b7 o T CDA BUHMITBE S WA %2 ROz, 7272
L. PEG-IFN o558 3#% o C BB WIF &k
FEVZHE TP P BREICTE U CE B A 1T, #
EAGICIZT CD4 B Ia s b d 2 IFN 25
BOBEATH LT W, 36T CD4 BB IHEHIE
200/ W BT E o 298, RERO R RERD
EHHERED o 7o, —IC, IEN 58
CD4 Bl oWl 2B Th T VU v oREkic
B2 F0HAETEY, BEWEER & /272
ElEhwEERTEY, IFN ORERIEL BE
DFENHEZSPEDS W EF 2 B,

RIER TS O HCV  genotype 121253
B, 41 BITENLUMNIF6HITH 572, PEG-
IFN. RBV $rAEERE AN 72 - T, genotype
1 BLT4AOEMEERFTFUEINL I L ZH
HLTHVBA, 25 HEBINICEANT S HH
TG LTwa, LaL, BS54 HIV, HCV
EIERER T HCV  genotype DS %170 72
27815 5, genotype 1 F2ik 4 OFEFIL, 4
6] HCV O & % 5 \F 72 5 40 T 1 10 4 o 4 41
(400%) T, ZVF %A o 7 EH T 17 Bl 14
Bl (824%) THh iz, GERELZZTEMNO
9 BEEFOHTHE DS\ genotype 1 DIEF]

(59)

Bhiph oD, HEFTI S WREREE R
BT 2 PrEholifREFZELLNS. ELH
515 &5 IR HCV genotype i, 1a B
LI ARmb £ <, kiZ2a, 2b, 3a 3bA%H
VWbl TWAY, bAETIE genotype 1b A¢
BHE L, 2a 2bDBWICZE WY, 7272, bl
BN BT A MARE R 7 & C o AJEEk s
FHZ & B RSETE, 1a, 1T BAFREFNE 30%,

3a A 20% CHEMERTWEY, HEECHER
WIRZE R O A IE LN & B REHERI T
i, 12#i0 9 5 genotype la '8 ¥ (667%) &
b Loz, —JF, MEEA DS O BEER 15
FEWI T genotype 1b%%6 Bl (400%) L#bL%
{, LA T IEla b FE R EN2H
(133%), 2b, 2c, 3a, 4a, n B F N FIL1H
(67%) L& RTH o7z HIV, HCV EE B #
FEFI O T T S MR EH DAL CORGHEMIZ BT 5
genotype DR, BV ToORIER, ENIK
BTHERIRRETEES, BEREEELRE
DOHBEANEELFCII 2T 4 TORETHE
CLIEEL WL EEDLS. S, BEERE
T2 BEOS B EMTEACORE LN
n, B 3EM GEFS 7, 8) SR EET
Holr, HEREREFSELTCLH, SHOER
B HARTO HCV BARBEBIC BT 5 R ELREH
ERELRY, FORE genotype DO L EL D
WRLLOTWS, SRERERTOHIV, HCVE
R T PEGIFN, RBV S % 4T U724
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