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assessed according to Brunt's criteria [32]. Significant and
severe fibrosis was defined as >stage 2 and >stage 3,
respectively. Thirty-six patients were excluded because of
clinical and/or histological reasons; thus, 289 patients were
included in the final analysis.

Clinical and biochemical data

Relevant clinical data were recorded, including the
patient’s age, sex, weight, and height. Body mass index
(BMI) was calculated as weight (kg) divided by height
(m) squared. Venous blood samples were obtained in the
morning after overnight fasting, either immediately before
or no more than 2 months after liver biopsy. The blood
samples were stored at —80 °C until analysis.

The biochemical variables were measured using a con-
ventional automated analyzer at the respective hospitals. We
analyzed the serum levels for the following: platelet count,
prothrombin time, bilirubin, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), gamma-glutamyl-
transpeptidase, albumin, cholesterol, triglyceride, fasting
plasma glucose (FPG), ferritin, and hyaluronic acid. The
AST-to-platelet ratio index (APRI) was calculated as fol-
lows: [AST (U/LYUNL x 100}/platelet count. In this
equation, UNL is the upper limit of the normal AST [33]. The
FIB-4 index was calculated as follows: (years) x AST
(U/L)/platelet count (x10°/L) x VALT (U/L) [20]. The
NAFLID fibrosis score was calculated as follows: —1.675 +
0.037 x age (years) + 0.094 x BMI (kg/m?) + 1.13 x
impaired fasting glycemia or diabetes (yes = 1;n0 = 0) +
0.99 x AST/ALT ratio — 0.013 x platelet (x 10°/L)
— 0.66 x albumin (g/dL) [21].

Serum Wisteria floribunda agglutinin-positive Mac-2
binding protein value

The WEAT-M2BP value in sera was measured by a WFA-
antibody immunoassay using a chemiluminescence enzyme
immunoassay machine (HISCL-2000i; Sysmex, Kobe,
Japan), as previously reported [27, 28, 30, 317, The measured
values of WFAT-M2BP using the conjugated WFA were
indexed with the obtained values using the following
equation: cutoff index (COI) = ([WFA™*-M2BPlsampic —
[WEAT-M2BPlne) 7 ((WFA'-M2BPlpc) — [WFA™-
M2BP]nc). In this equation, [WEA-M2BP]y denotes the
[WFA -+~ -M2BP] count of the serum sample (x = sample),
positive control (x = PC), or negative control (x = NC).

Statistical analysis

Quantitative values are presented as mean = standard
deviation, unless otherwise noted. The Steel-Dwass test

was used for multiple comparisons of continuous vari-
ables among the different groups. Univariate and multi-
variate analyses were performed using a logistic
regression model. Each cutoff value was determined from
the receiver operating characteristic (ROC) curve analy-
ses. The diagnostic performances of the markers were
expressed as the diagnostic specificity, sensitivity, posi-
tive predictive value, negative predictive value, and area
under the ROC (AUROC) curve. p values <0.05 were
considered statistically significant, All statistical analyses
were performed using JMP, version 11 software (SAS
Institute, Tokyo, Japan).

Results

Cross-sectional association between Wisteria
Sfloribunda agglutinin-positive Mac-2 binding protein
values and the fibrosis stage

The patients’ characteristics are summarized in Table 1.
The mean age of the 289 patients (159 men and 130
women) was 34.8 & 14.6 years old. Figure | shows the
serum WFA'-M2BP values for each fibrosis stage. The
serum WFA'-M2BP values measured by glycan-based
immunoassay ranged from 0.12 to 11.06 (COI). The

Table 1 Patients’ clinical characteristics and laboratory data

Features Total (n = 289)
Male/female 159/130

Age (years) 548 £ 146
Body mass index (kg/m®) 27.6 £ 47
Platelet count (10°/1) 189 =68
Prothrombin time (%) 99.3 £ 16.7
Bilirubin (mg/dl) 0.97 £ 0.6
AST (U/D) 61.4 4 489
ALT (U/D) 85.5 & 68.9
GGT (UM 92.3 4 89.9
Albumin (g/dl) 4.2 +£ 04
Cholesterol (mg/dl) 195.4 £ 41.1
Triglyceride (mg/dl) 1444 + 772
FPG (mg/dl) 1152 + 384
Ferritin (ng/ml) 261.2 £ 2585
WFAT-M2BP (COD 1.26 & 1.44

Fibrosis stage (0/1/2/3/4) 35/113/49/41/51

Values are expressed as mean == standard deviation

AST aspartate aminotransferase, ALT alanine aminotransferase, COI
cutoff index, GGT gamma-glutamyl transpeptidase, FPG fasting
plasma glucose, WFAY-M2BP Wisteria floribunda agglutinin-posi-
tive Mac-2 binding protein
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Fig. 1 The serum Wisteria 8-
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Table 2 Variables associated with the fibrosis stage according to multivariate regression analyses

Stage O vs. stages 1-4

Stages 0-1 vs, stages 2-4

Stages 0-2 vs. stages 3-4 Stages 0-3 vs. stage 4

Odds ratio p value Odds ratio p value Odds ratio p value Odds ratio p value
95 % CI) (95 % CI) 95%ChH 95 % CI)
Age (years) 1.049 0.006
(1.014-1.087)
BMI (kg/m?) 1.228 0.002
(1.089-1.412)
Platelet count (10% 0.864 0.001 0.895 0.017
L) (0.787-0.941) (0.814-0.978)
Prothrombin time  0.948 0.004 0957 0.007 0.963 0.028
(%) (0.914-0.982) (0.925-0.986) (0.927-0.993)
AST (UN) 1.078 0.008 1.036 <0.001
(1.023-1.144) (1.022-1.052)
FPG (mg/dl) 1.013 0.007 1.014 0.004 1.012 0.013
(1.004-1.024) (1.004-1.024) (1.002-1.022)
WFA*-M2BP 5.875 <0.001 8471 <0.001 2.390 0.002
(Con (2.339-16.369) (3.562-22,725) (1.463-4.423)

CI confidence interval, BMI body mass index, AST aspartate aminotransferase, FPG fasting plasma glucose, WFA*-M2BP Wisteria floribunda

agglutinin-positive Mac-2 binding protein, COI cutoff index

WFA*-M2BP value in patients with stages 0 (n = 35), 1
(n=113), 2 (n=49), 3 (n =41), and 4 (n = 51) of
fibrosis had COIs of 0.57, 0.70, 1.02, 1.57, and 2.96,
respectively, demonstrating a stepwise increase with an
increasing severity of liver fibrosis (Fig. 1). All pairs of
groups differed significantly according to the Steel-Dwass
test (stage O vs. stage 1, p = 0.012; stage O vs. stage 2,
p < 0.001; stage O vs. stage 3, p < 0.001; stage 0 vs. stage
4, p < 0.001; stage 1 vs. stage 2, p = 0.002; stage 1 vs.
stage 3, p < 0.001; stage 1 vs. stage 4, p < 0.001; stage 2
vs. stage 3, p = 0.014; stage 2 vs. stage 4, p < 0.001; and
stage 3 vs. stage 4, p = 0.008).

_@_ Springer

Comparisons of variables associated with the diagnosis
of the fibrosis stage

The variables associated with each stage of liver fibrosis
were assessed by univariate and multivariate analyses
(Tables S1, 2).

Variables associated with the presence of fibrosis
(=stage 1)

According to univariate analysis, eight variables (age,
BMI, platelet count, prothrombin time, AST, ALT,
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albumin, and the WFA*-M2BP value) were associated
with the presence of fibrosis (Table SI). Multivariate
analysis showed that the BMI [odds ratio (OR) 1.228,95 %
confidence interval (CI) 1.089-1.412], prothrombin time
(OR 0.948; 95 % CI 0.914-0.982), and AST (OR 1.078;
95 % CIX 1.023-1.144) were independently associated with
the presence of fibrosis (Table 2).

Variables associated with the presence of significant
fibrosis (=srage 2)

Univariate analysis identified ten variables (sex, age,
platelet count, prothrombin time, bilirubin, AST, albumin,
cholesterol, FPG, and the WFAT-M2BP value) that were
associated with the presence of significant fibrosis (Table
S1). However, multivariate analysis showed that age (OR
1.049; 95 % Cl 1.014-1.087), prothrombin time (OR
0.957; 95 % CI 0.925-0.986), AST (OR 1.036; 95 % CI
1.022-1.052), ALT (OR 1.036; 95 % CI 1.022-1.052),
FPG (OR 1.013; 95 % CI 1.004-1.024), and the WFA™-
M2BP walue (OR 5.875; 95 % CI 2.339-16.369) were
independently associated with the presence of significant
fibrosis {Table 2).

Variables associated with the presence of severe fibrosis
(=stage 3)

According to univariate analysis, ten variables (sex, age,
platelet count, prothrombin time, bilirubin, albumin,
cholesterol, triglyceride, FPG, and the WFA™-M2BP
value) were associated with the presence of severe fibrosis
(Table S1). However, multivariate analysis showed that
the platelet count (OR 0.864: 95 % CI 0.787-0.941). FPG
(OR 1.014; 95 % CI 1.004-1.024), and the WFA"-M2BP
value (OR 8.471; 95 % CI 3.562-22.725) were indepen-
dently associated with the presence of severe fibrosis
(Table 2).

Variables associated with the presence of cirrhosis
(stage 4}

Univariate analysis identified 11 variables (sex, age,
platelet count, prothrombin time, bilirubin, ALT, albumin,
cholesterol, triglyceride, FPG, and the WFAY-M2BP
value) that were associated with the presence of cirrhosis
(Table S1). Multivariate analysis identified that the platelet
count (OR 0.895; 95 % CI 0.814-0.978), prothrombin time
(OR 0.963; 95 % CI 0.927-0.993), FPG (OR 1.012; 95 %
CI 1.002—1.022), and the WFAT-M2BP value (OR 2.390;
95 9% CI 1.462-4.423) were independently associated with
the presence of cirrhosis (Table 2).

Diagnostic power of the Wisteria floribunda agglutinin-
positive Mac-2 binding protein values for each fibrosis
stage

The WFA*-M2BP ROC curves for diagnosing each
fibrosis stage are presented in Fig. 2. The AUROC curve
values (95 % CI) for the prediction of >stage 1, >stage
2, =stage 3, and stage 4 using the serum WFA™-M2BP
values were 0.788 (0.736-0.833), 0.838 (0.790-0.879),
0.876 (0.832-0.911), and 0.879 (0.835-0.914), respectively
(Table 3). The optimal cutoff values were 0.59 for >stage
1, 0.90 for >stage 2, 0.94 for >stage 3, and 1.46 for stage
4 (Table 3). The sensitivities for the prediction of >stage
1, zstage 2, =stage 3, and stage 4 were 74.8, 77.3, 85.9,
and 72.6 %, respectively; whereas, the specificities were
74.3, 81.1, 74.6, and 87.0 %, respectively (Table 3).

Comparisons of AUROC curve values for diagnosing
the fibrosis stage

The AUROC curve values for diagnosing each fibrosis
stage are shown in Table 4. Compared with the other sur-
rogate markers and scoring systems, the serum WFA™-
M2BP was the most useful marker for differentiating stages
0-2 from stages 3—4 and stages 0-3 from stage 4. The
AUROC curve values for differentiating stages 0-1 from
stages 2—4 were compatible with the serum WFA-M2BP
(0.838), hyaluronic acid (0.833), and the FIB-4 index
(0.844).

Discussion

Clinically, it is very important to identify patients who
have NASH with advanced fibrosis, because these patients
have more liver-related complications and a greater mor-
tality rate than patients who have NASH without liver
fibrosis [4-7]. Although a liver biopsy is the gold standard
for diagnosing and assessing the stages of fibrosis, research
on noninvasive methods for assessing the fibrosis stages
have rapidly evolved over the last decade [17-26]. In this
study, we found that the serum WFA™-M2BP values
measured using a glycan-based immunoassay provided a
useful diagnostic factor for assessing the liver fibrosis stage
in NAFLD patients (Fig. 1). The glycan-based immuno-
assay was previously developed as a simple system for
automatically detecting unique fibrosis-related glycoalter-
ations [27-31]. Moreover, the accuracy of the serum
WFA"-M2BP values for diagnosing severe fibrosis and
cirrhosis was superior to that offered by other surrogate
markers and tests (Table 4).

M2BP is a secreted glycoprotein that is found in the
serum of healthy individuals, but its concentration
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Fig. 2 The diagnostic capabilities of the serum Wisteria floribunda
agglutinin-positive Mac-2 binding protein (WFA”-M2BP) values for
assessing the stage of liver fibrosis, The areas under the receiver

increases in patients with various cancers and viral infec-
tions, including HCV [34, 35]. This protein binds galectin-
3, B-1 integrins, collagens, and fibronectin and has some
relevance to cell—cell and cell-extracellular matrix adhe-
sion [36, 37]. Therefore, it is reasonable to assume that
M2BP reflects the progression of fibrosis in cases of CLD.
Indeed, using proteome analysis, Cheung et al. [38] found
that serum M2BP is a potential marker of fibrosis pro-
gression in HCV patients.

In this study, we found that the serum WFAT-M2BP
value can be used to distinguish the fibrosis stages in
NAFLD patients (Fig, 1; Tables S1, 2, 3). Recently, Ka-
mada et al. [39] reported that the serum M2BP value (the
whole M2BP protein measured by enzyme-linked immu-
nosorbent assay) can be used for predicting the fibrosis
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operating characteristic curve of serum WFA™-M2BP for diagnosing
liver fibrosis were as follows: a 0.788 for stage =1; b 0.838 for
stage =2; ¢ 0.876 for stage =3; and d 0.879 for stage 4

stage in NAFLD patients. However, there are several dif-
ferences between the present study and Kamada et al.’s
study. In our study, the serum WFA"-M2BP value (the
altered M2BP with fibrosis-related N-glycans measured by
glycan-based immunoassay) increased stepwise with the
increasing severity of liver fibrosis, whereas a stepwise
increase was not found in Kamada et al.’s study. Further,
our method can distinguish between the fibrosis stages
more clearly, not only in patients with advanced fibrosis
stage but also in those with earlier fibrosis stages of NA-
FLD (Fig. 1). In our previous study [27], we found that
both the quantity and quality of M2BP were altered during
the progression of fibrosis of CLD due to HCV. Since the
N-glycosylation of M2BP was dramatically altered during
the progression of liver fibrosis, we considered that the
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Table 3 Serum Wisteria floribunda agglutinin-positive Mac-2 binding protein values for assessing liver fibrosis

Stage AUC (95 % CD Cutoff level Sensitivity (%) Specificity (%) PPV (%) NPV (%) Predictive accuracy (%)
>Stage 1 0.788 0.59 74.8 743 95.5 289 4.7
(0.736-0.833)
>Stage 2 0.838 0.90 77.3 81.1 79.6 78.9 79.2
(0.790-0.879)
>Stage 3 0.876 0.94 85.9 74.6 61.2 91.9 78.2
(0.832-0.911)
Stage 4 0.879 1.46 72.6 87.0 54.4 937 84.4
(0.835-0.914)

AUC area under receiver operating characteristic curve, CI confidence interval, PPV positive predictive value, NPV negative predictive value

Table 4 Comparisons of the areas under the receiver operating
characteristic curves for each fibrosis marker and scoring system

Marker and score >Stage I >Stage 2 >Stage 3 Stage 4
WFA*-M2BP 0.788 0.838 0.876 0.879
Platelet count 0.649 0.719 0.810 0.815
Hyaluronic acid 0.757 0.833 0.856 0.858
AST/ALT ratio 0.607 0.733 0.770 0.752
APRI 0.867 0.804 0.758 0.745
FIB-4 index 0.793 0.844 0.857 0.849
NAFLD fibrosis score  0.766 0.811 0.808 0.824

WFA™-M2BP Wisteria floribunda agglutinin-positive Mac-2 binding
protein, AST aspartate aminotransferase, ALT alanine aminotransfer-
ase, APRI AST-to-platelet ratio index, NAFLD non-alcoholic fatty
liver disease

WFAT-M2BP reflects the fibrosis status more precisely
than the whole M2BP protein. Further, the quantification of
the WFAT-M2BP may offer a better marker for assessing
the liver fibrosis stage than does the quantification of the
M2BP protein. Currently, the N-glycan structures of
WEA™-M2BP and WFAT-M2BP are being analyzed using
mass spectrometry in our laboratory. Moreover, our system
has been converted to a fully automated immunoassay
analyzer for clinical use, featuring a measurement time of
only 17 min, which has clear practical implications [27, 28,
30, 311

Numerous non-invasive panels of the tests have been
developed to assess the liver fibrosis stages [17-26]. In this
study, the serum WFA"-M2BP values offered a superior
AUROC curve for the diagnosis of severe fibrosis and
cirrhosis compared with the FIB-4 index and five other
markers and scoring systems (Table 4). In a study of a
large Japanese cohort, the FIB-4 index was the most useful
index for diagnosing patients with advanced fibrosis [40].
Although the American Association for the Study Liver
Diseases’ guidelines [3] recommend the NAFLD fibrosis
score [21] when deciding whether to perform a liver
biopsy, the usefulness of this score remains questionable in

Asian patients [40, 41]. Consistent with these studies, the
NAFLD fibrosis score yielded lower AUROCs than the
WFA"-M2BP values and the FIB-4 index for diagnosing
fibrosis in our cohort (Table 4).

There are two main strengths of the present study’s
cohort. First, the sample size (n = 289) was relatively
large, and the patients’ clinical backgrounds were well
characterized. Second, the pathological diagnoses were
performed and validated by three experienced liver-spe-
cific pathologists. Currently, the definitive diagnosis of
NAFLD and the distinction of its phenotypes rely on the
pathologist’s interpretation of the liver biopsy [8]; there-
fore, an accurate and reproducible consensus regarding
the pathological findings is necessary for diagnosing
NAFLD. However, in practice, the interpretation of NA-
FLD’s histology varies substantially. In this study, we
excluded patients whose liver samples were inadequate
for histological evaluation (e.g., because of insufficient
sample size). Moreover, the considerable rate of inter-
observer variation is one of the major problems in the
histological diagnosis of NAFLD [13-17]. Our strategy
mainly focused on reducing this variation, and our study
may provide a reliable cohort for identifying surrogate
markers and for investigating the management of NAFLD
patients.

This study also has several limitations. First, we inves-
tigated the usefulness of the seram WFA"-M2BP values in
a cross-sectional study. Therefore, the use of the serum
WFA®-M2BP values for monitoring natural history, pre-
dicting outcomes, and predicting responses to therapeutic
interventions remain unknown. In fact, the prevalence of
NAFLD is high among individuals with diabetes or dysli-
pidemia [1-3], and some patients have already managed
their condition through lifestyle interventions and/or med-
ication at the time of liver biopsy. Further prospective
studies are necessary to address these issues. In addition,
since the biochemical analyses were performed separately
at the respective hospitals, any variations among each
institution cannot be ruled out, Moreover, several selection
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biases may be present, because all the patients had been
diagnosed and had received liver biopsies at hepatology
centers, which may have caused referral bias, Therefore,
validation studies are necessary in the general population.

In conclusion, the measurement of the serum WFA™-
M2BP values using a glycan-based immunoassay provides
an accurate and reliable method for assessing the liver
fibrosis stage in NAFLD patients. This method appears
quite promising as a means for evaluating the natural
course of the disease, therapeutic effects, and the suitability
of liver biopsies.
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REZFFREDOIEFFRARNC BT 5 HBs PURE B L U HCV JUFEIEE 12T 5

FHREZROERE

#IGIO) BP0 WO OB i B R ER oo L0
KE BB B O EM O RE BN MR R
ZW E=" WTF % LA

BE U4 VARFAESECBVT, EFERNICEYT 2 FEAE & SRFENE R oBRERD
EREITHTH S, 22T, YRICBT2EFENETo HBs HUEB &L U HCV HiE0 Rl #IK
W, O UIEBEECB T AFARSROEETHOMITHZ EFHWIC, BBt ERLZ.
20104E 1 A~12 B, FFEARPSLO 27 598 T HBs PUR % - 13 HCV #ife % §l @ L 72 EH
(BHH % B4, HBsPUE 6,648 B, HCV Bk 6612 1) %% & L7z HEBs HUEBEME 126 #l
(1.9%), g B EMEHITS 66 61 (1.0%), HCV PifkiEE 487 1 (74%), H#EEHCV F 51U 7
369 ] (5.6%), EwE CBUBMIF/ 2448 (37%) Tho72. BWRERIZL 2 H 5§, HBV
FxYTDT9%, HCV F 5 U 7D 2% IZFFHAF & 0EH 72, 205 h, ED 39%,
BEOITUB BT TA VARREICHT 2R ORI AN 2P o2 FRIA VR
Fy Y TERAEL, PONHEMELHT AEFBEMCEVT, BURFASERZTI b0
BEE S A7 LA OBMEFREILLETSH S,

ZEIHEE: FEIANVA HBsHLE
BEAEHE S A T 2

#*
FASENC BT A HCV Bt i3, SAMENCH L Tl
AEATEY, FHEBEDY A7 HFEWI L HEH
ENT WAL, BRI BT 5 FRETEIE HOV Bk
= LTABREOSH 2R T, 2 THERE
EEEFHHO CHFAERBHR TH Y, FEHILEH
BB CELE LTWwLEY, Tl 23 EFEOFB LT
FRIBEEOERSEH oM TE 10 AN eE
D253 i LEREIZ 40 TH VY, KK £EY -2

il

) ERAFEERITERERTES

2) (EHXERESEHREDRE

3) (ERAFEERAHE

4 {(FRKRFEETHERERFRITRE

5) EWAEEEMRREEL Y ¥ —

6) EHAZEFHUBEFRIESE
*Corresponding author: kawaguy@cc.saga-w.acip
< ZAFTH20124E108 68 ><iEIRE20134E4H1H >

HCVHifk A2 Y—=r7

F IR ORREFNTWE, BEIJFHRICOWTIE, C
BF413 CEER R BEROER 2V, EERIRR
BEETHEY FRBEOI NI TORBF—F 1Y
BB CIERAICE L TETWwA 00, $# 10
ERIREE LTEEODESETFY L Y S BWFERT
RAEFEENTEY, BEhd 74V AEFLETHEIE
BEThHaY.
FENEOMBELLE LT, BBTOFLY A VAR
BEZREPENT L, FOS bERF LUK AT
MEOEREBHEZEEFRVWIE, 7, HLIER
BWHEZHLCILTLHHEYZERIRESATY
R EERBEIEHENTEY, EFETHENE
LH5No0H 2%, —FT RERRELZEOEREN
KBWTI, WWAZ Y-y FETHEY A VAR
BETHIBEVE VA, TOMEEINEY 2555
EEFTOAPETETHL. FH2BESH 16 HI
BAENEHE,PSHEN (AN EOREECHTLIE

57



2308 ¥ #

)

Yesting for HBsAg
07,712

Duplication
w=437

w875 ;

department
| ————
1, 1, 1 o)
(4 D Y
=227 (3%) =6,648 (97%)
7

HBsag
ey

(*"} (7)
[=126 09%) | | e=s522 09%) |
i

probable clironic hepatifis
ey

(37 )
[m66 5230 | [ om0 a9
T ¥

hepatologist consultation
ey e
(1) -) {1} )

54 % 5% (2013)

b)

Testing for anbi-HOV
17 607

BPuplication
=800
w=6.807

department
[y
hepatology non-hepatology
5195 (3%) 6-6,612 (97%)

Anli-HCV

s e S
(’f) {3
[ 1487 (7 4%) ] [ w6125 (‘mﬂ

4.8 81CO
n=118 (2496)

24.0 SICO
w369 (76%)
H

probahle chroaie hupatitis
ey
) -

ﬁ:;z::; (65%) 1 [ a:lls\(Si%)

hapatologist consultation

( 1

i3

{20%)

553
(80%)

i3
Q26

w17
(74%)

&)

(] &)

(]

n=46
195%)

=198 w21
@) | | s

=104
(@3%%)

Fig. 1 Flow chart of the study subjects who underwent screening tests for a) HBsAg and

b) anti-HCV.

AB i RE T, BB L U AR ER Y
L, PHRIZICT DR ALY 4 VAREORKR
oW TEREICHEEICHBELZIT) O BEHRShTE
D, FOEEEEEITI S EMFEEL LTEIFSRT
wa,

FIT, REHREICBY AFENE DA TO HBs
PLE B X UVHCV Fifk oM @RI, % & REEE~O
WS HEOERTYELMITAI L& BiYlc, &iFE
FERBLZ

WEbLUHE

2010 4E 1 B 5 12 A £ C EHKEEETIHERR
12T HBs $if (HBsAg © hepatitis B surface antigen)
¥ 7713 HCV Hifk (anti-HCV : anti-hepatitis C virus an-
tibody) A * £ 2 N -ER (HBsAg 7,712 Fl, anti-
HCV 7607 8l) o955, BEHEHZREFENEIAO
27 PR (EFFBEPE) CRIE S N/-IES (HBsAg
6,648 #l, anti-HCV 66124)) =& e Lz (Fig D).
HBsAg ¥ ARCHITECT-HBsAg QT (Abbott Japan,

Tokyo, Japan) THIE L, 0.05 TU/ml P& % B & # 5%
L7z, Anti-HCV i& ARCHITECT-HCV (Abbott Japan,
Tokyo, Japan) THIZEL, 10S/CO B EEBE L%
L. 1.0~4.0S/CO #EFl, 4.0~12.05/CO % #1J3{lf,
120 S/CO BLE =4l & $I50 L7, HBsAg Byiks
ZHEWTHE, M/ARE<15 % 10Y/ul, AST<ALT, ALT
=31 TU/L O % 7= TR BT £ 0 i ik
DHEbOEEEL, HHEEBEEETELEE L,
Anti-HCV BN BT, B - B9+ HOV ¥+
U7 EFEL, 09 bR <15x107/ul, AST
<ALT, ALT=31IU/L o wihp%iliTEM 2k
JE C BB I L B L 7.

TANRAF XY TRBWTFBERE~0z v ¥u b
o8 (N AE) LhdrolB GEAAR oF
EETF 2B L, FEERE Mann-Whitney U B3,
Y ARFE £ 7243 Fisher OEBEERREZ AV, p<005
BEHEBE L A4 VAFE YU TIBWTFEBRRA
DIV PIFETLIEFICOWT, HERBLIU
SEROUI AT 4 v ZEBSINERIT L. SER
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Fig. 2 a) The number of subjects who underwent HBsAg screening test in the top 10
non-hepatology departments. b) The number of HBV carriers in the top 10 non-hepatolo-
gy departments, and the rate of hepatologist consultation.

O AT, BERER T p<015 ORT-2BR L2
SREHINER GREDHEE, WEmE, ERERN
B, EREAR, BRERE. VT - BREEAF,
m¥ - AR, REAE, RIEERR) LHERRER
(—# - HLBRAR, OEMEARE, REEsR, R
EEE, BEAEL BESE. BRE, TR, B
BAER, WERER ERMR, SRS, R
AERE, BRERRL, BoBRh, RuER R ooE
L7z, %7z, FEOBFRZ, FEROFEHCEILL
THfT L7z,

R REHREREFRHBERRORERESOF
WEETERL, g8E0BAHRESCToEEL
b TF— s oMM ETo 2.

w =B
a) HBsAg BE
HBsAgflZE 6648 Fl0 5 B, ByfEE (HBV Fx 1
7Y 1268 (19%) Thotz. o) bIvMIE<

16%x10Y/uL, AST<ALT, ALTZ31IU/L #7253
DEZEREN26H], 396, 37HITHY, HEBHE
B2 66 B (1.0%) THo7z (Fig la). 27 BER
D5 BlEREOS AL 10 BHE, BRHE 870 £, 1R
B 727 BY, ERRARE 531 B, —# - EALERAAEL 500 4,

TRERZRPIRL 410 B, $L&F) 344 B, HALESARE 201 41,

RABHER 285 7Y, WIREFL 270 W, EMFE 252 HIT
ot (Fig 2a). BEEE, —& - HLEEAS 20 41,

REDHIH 16 5, BRAR 126, ERAR 106, 7
BEAF 100, BRop, Eafes WMRHEH6
B, HBEE s, FEARSHOETEL, h
5B 10 R D) HFEAR~0 T 3L b ERIEHRER
SR ThRENECERY A N, ERAR BRI
ERTH-o72(Fig.2b). BEETIREDHE 56%,

EREAR 40%, FRREEAEF40%, — - AR
39%, TEIREEARE 24%, WRBH 22%, UVu<wF

BEHAR 22%, ERAR 19%, $ER 17%, #Hi
BRH17% OETERTH 7.
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Table 1 Characteristics of HBY carriers according to hepatologist consultation {n=126)

with consultation

without consultation

n=26 n=100 Prvalue
Age (years) 50 (19-78) 64 (16-91) 0.003
Males/females 13/13 43/57 0.658
Department: Internal Medicine/others 17/9 34/66 0.006
Platelet (% 10%/uL) 202 (3.2-364) 201 (2.9-66.5) 0.545
AST (IU/L) 25 (12-450) 24 (9-558) 0.598
ALT (IU/L) 22 (9-93) 19 (5-189) 0.657
AST/ALT ratio 1.26 (0.57-4.84) 1.23 (040-558) 0.638
vGTP (IU/L) 17 (7-998)7 22 (8-1,590)% 0.737
HBsAg (IU/mL) 1698 (0.07-21,792) 188 (0.07-106,400) 0.190
HBeAg positive/negative 2/17 7/61 1.000
with/without hepatitis 13/13 53/47 0.828

Values are median (range) or number of patients. Tn=25 ¥n=85,

Table 2 Univariate and multivariate analysis of factors associated with hepatologist consultation for

HBV carriers (n=126)

Univariate analvsis

Multivariate analysis

Factors
OR (95% CI) P-value OR (95% CI) P-yalue
Age 0.963 (0.937-0.989) 0.006 0.965 (0.938-0.992) 0012
Sex: male 1.326 {0.558-3.148) 0.523
Department: except Internal Medicine 0.273 {0.110-0.676) 0.005 0.294 (0.115-0.748) 0.010
Platelet { % 10*/uL) 1.007 {0.958-1.058) 0,784
AST (IU/L) 1.003 (0.997-1.008) 0.370
ALT (IU/L) 1.003 (0.988-1.019) 0.688
+GTP ([U/L)T 1.000 (0.998-1.002) 0.806
HBsAg (IU/mL) 1.000 (1.000-1.000) 0525
HBeAg#: positive 1.025 (0.195-5.397) 0.977

Tn=110, *n=87.

HBV &%V 7 126 Bl 9 A ABEE 26 £ (21%),
S ABRIT 100 B0 (79%) Tdh o7 (Fig la). 2 #H
DT, FAABEEFRCHEBRTSD ), FHFR
BHEPEEICE o/ (Table ). 72, ¥t
KHEESTIEFOSERBIT TS, F£#F (odds ratio
[OR] : 0965, 95% confidence interval [CI] : 0.938—
0.992, p=0012) & R GENRREBHE, OR : 0294,
95%CI @ 0.115-0.748, p=0010) 2’5 L Tw7z (Ta-
ble 2). #% B BB 66 Flo ) Ha vy MIF
B3 2 BFOMEREN T, s GERR RS
#, OR: 0269, 95%CI: 0073-0991, p=0.048) AN
—MELTH), SEREN TR CGERERE
gE8F, OR : 0270, 95%CI : 0.072-1.017, p=0053) T

fE [ % §B 7z (Table 3). JF#&D %R v+ HBV ¥+ 1) 7 60
Bl B3y McEFS§ 5 RFORERENT T,
4 (OR : 0958, 95%CI : 0923-0993, p=002) £ &
R (FEPRLR 2L, OR © 0.265, 95%CI : 0.074-0.954,
p=0042)2"ME L TH Y, SERBH TIREHOR:
961, 95%CI : 0.926-0.998, p=0039) AME—HE5 LT
Wiz,

N ABEOBBNATETIE, 50 Flld HBV 120w
2RI I PR ICEENRH 2 0ATT T
TV AYAMIRETFORTELT, 30fliE7u 7L
LZYAPCBITFONRTVA b OOBEFEFTREN
Twizdolz (Tabled).
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Table 3 Univariate and multivariate analysis of factors associated with hepatologist consultation for

probable chronic hepatitis B individuals (n = 66)

Univariate analysis

Multivariate analysis

Factors

OR (95% CI)

P-value OR (95% CI) P-value

Age 0.969 (0.930-1.009) 0.125
1.227 (0.354-4.250) 0.747
0.269 (0.073-0.991) 0.048
0.988 {0.927-1.054) 0.724

Sex: male
Department: except Internal Medicine
Platelet (% 10%/uL)

0.969 (0.929-1.010) 0.140

0.270 (0.072-1.017) 0.053

AST (U/L) 1.003 (0.997-1.009) 0.292
ALT (IU/L) 1.006 (0.989-1.024) 0482
¥GTP IU/L)7 1.000 (0.998-1.002) 0.785
HBsAg ((U/mL) 1.000 (1.000-1.000) 0491
HBeAg#: positive 1.667 (0.151-18.455) 0.677
Tn=60, ¥n=46.

Table 4 Situation of medical practice for HBV carriers without hepatologist consulta-

tion (n=100)
Descriptions regarding HBV on electronic medical record n (%)
nothing 50 (50)
written in the past history, but not listed on the problem lists 99
listed on the problem lists, but not mentioned in the plan for medical practice 30 (30
listed on the problem lists and mentioned in the plan for medical practice 11 (11

b) Anti-HCV 487

AntiHCVIIZE 661205 5, BHEIZ487H
(749%), #®5 HEIM 118 B, $Hf 114 5, Bh
i 255 BITh Y, HEEHCV F %Y 713 369 ¥ (5.6%)
T oiz FOI HIMESR<15%107/uL, ASTSALT,
ALTZ3IU/L 22T 0 ERZFNR1514, 97
B, 139FITH Y, HE CEIBMEITAIZ 244 F1(37%)
T& o7z (Fig. 1b). 27 BFF 0 ) BELKOE » LA
108, Bmala s7s 41, IRB 728 B, B AR 531
B, —# - HIbaRsR 510 B, 1EERERPTR 402 M), B
2F- 334 7, WALEAR 2836 B, RRADHE 277 4,
MFRERRL 268 B, HRIOEANF 263 FITH o (Fig
3a). % HCV ¥+ 78U, %wiH 52 8, —i -
WALEEAEE 50 B, IRAL 47 4, VHALERPIRL 25 41, 1R
SUN% 25 7, AR 22 B, EBIE 157, WER
13 6, ZRAE 12 51, R OEAR 12 foETS <
IS B 10805 BFEAR~O I V9L FERIIHE
{LEEE, BeBrRl —& - BENE, &&Rc
HEE B VEREA SN2 00 3HEHBIIE I T

w7z (Fig 8b). MBiEsciz, AR 107%, —& -

HILERIIRL 9.6%, THILARIEL 8.7%, LRI IRL 7.2%,

A 66%, IBR 65%, MREATE 63%, TEHEESN
#6.2%, MTHENE 6.0%, BBAE 50% O TER
THotz.

H#EHCV % 7 369F)D ) HA-AFEEL 6751 (18%),
FEAAFEI 302 4 (82%) Tdh o7z (Fig.1b). TOEER
DB T, FEA ABETIRIVMEEDEEICE {, AST
f, ALT1E, +GTP{f, Anti-HCV Hifkflizsg B#iE
fETHo7z(Tabled). T2, 2 VF N FHEETLH
FOLEREN T, ALTE (OR: 1014, 95%CI:
1.004-1024, p=0.007) & Anti-HCV (OR : 1196, 95%
CI: 10731334, p=0001)7"M5 LT3/ (Table6).
e CHEBERFL244F0) b3 vV MNCHFES TS
BT 0L EREN T, /MEE(OR | 0897, 95%Cl :
0.831-0968, p=0.005), ALT {E(OR : 1.020, 95%CI :
1.008-1.033, p=0001), AntiHCV (OR: 1283, 95%
CI: 1085-1518, p=0004)7"M%5 LTv:72(Table?).
FRORGIEEHCY S5 Y 7 125805 ba v b
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Fig. 3 a) The number of subjects who underwent anti-HCV screening test in the top 10
non-hepatology departments. b) The number of probable HCV carriers in the top 10 non-
hepatology departments, and the rate of hepatologist consultation.

Table 5 Characteristics of probable HCV carriers according to hepatologist consultation (n = 369)

with i;)l;sgl;tatxon thhou; czo?le()s;ltatxon Povalue
Age (years) 69 (33-85) 71 (0-93) 0113
Males/females 38/29 156/146 0.500
Department: Internal Medicine/others 25/84 42/218 0.139
Platelet (X 10%/uL) 139 (55-33.8) 167 (2.7-62.6) 0014
AST (IU/L) 38 (13-116) 29 (10-822) 0.017
ALT (IU/L) 31 (5-162) 24 (4-230) 0.024
AST/ALT ratio 1.21 (041-3.00) 1.31 (0.34-7.76) 0.266
v-GTP (IU/L) 30 (9-190)* 23 (7-564) 0.042
Anti-HCV (S/CO) 142 (5.6-18.8) 134 (4.0-185) <0.001
with/without hepatitis 46/21 198/104 0.671

Values are median {range) or number of patients. Tn=59, ¥n=257.

IHEESTARFOEERBN T, Anti-HCV (OR: ZonWTE LBl <, 6348 (21%) ZEEERICE
1.200, 95%CI : 1.019-1413, p=0.029) »"M—H 5 L C WEHADAETTOT LAY A MIERBETFOLATES
vajz. 9, 796 (26%) ETO T LAY A MIETFLRTY

RS- AR ORRAEHZETIE, 150 £1(50%) i HCV 5 OOBFEFEFRREN TV edo72(Table §).
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Table 6 Univariate and multivariate analysis of factors associated with hepatologist consultation for
probable HCV carriers (n = 369)

_ Univariate analysis Multivariate analysis
Factors
OR (95% CI) P-value OR (95% CI) P-value

Age 0.989 (0.969-1.009) 0.265
Sex: male 1.226 (0.719-2.091) 0453
Department: except internal medicine 0.647 (0.371-1.128) 0.125 0.576 (0.320-1.034) 0.065
Platelet (x 10*/uL) 0.966 (0.927-1.006) 0.094 0.986 (0.948-1.026) 0487
AST (U/L) 1.002 (0.997-1.007) 0.382
ALT (IU/L) 1.017 (1.007-1.027) <0.001 1.014 (1.004-1.024) 0.007
+GTP qU/Lyt 1.001 (0.997-1.005) 0.744
Anti-HCV (S/CO) 1.219 (1.096-1.355) <0.001 1.196 (1.073-1.334) 0.001

Tn=316.

Table 7 Univariate and multivariate analysis of factors associated with hepatologist consultation for
probable chronic hepatitis C individuals (n= 244}

Univariate analysis Multivariate analysis
Factors
OR (95% CI) P-value OR (95% CI) P-value
Age 0.990 (0.965-1.015) 0432
Sex: male 1.206 (0.622-2.338) 0.580
Department: except Internal Medicine 0.724 (0.370-1418) 0.346
Platelet (% 10*/uL) 0.902 (0.839-0.969) 0.005 0.897 (0.831-0.968) 0.005
AST (IU/L) 1.002 (0.997-1.007) 0.357
ALT (qu/L) 1.022 (1.010-1.034) <0.001 1.020 (1.008-1.033) 0.001
v-GTP (IU/L)* 1.000 (0.996-1.005) 0.877
Anti-HCV (S/CO) 1.290 (1.108-1.503) 0.001 1.283 (1.085-1.518) 0.004

Tn=211

Table 8 Situation of medical practice for probable HCV carriers without hepatologist
consultation (n =302)

Descriptions regarding HCV on electronic medical record n (%)
nothing 150 (50)
written in the past history, but not listed on the problem lists 63 (21)
listed on the problem lists, but not mentioned in the plan for medical practice 79 (26)
listed on the problem lists and mentioned in the plan for medical practice 10 (3)
- WAERRESZECERENS VI EIERLTYS

LEER 4 BT o R EAFE T, HBsAg BMES5 1.9%, SIS LS. EBE, HEE HCV £+ Y 7 OE#TFIRE
EHC V% U THEE6% Th b, Tl 1SEEOLEFE ET0ETH B, SHOBEIEREDRE 10EH
2BV B R (HBsAg B | £E1.0%, (FRIE 1.8% ; (2001~2010 48) D 70 BAITBT A HCV v ) 7
HEHCV 4 7T £E08%, FHE 27%)"Ic (5.2%) L 13F—~FT 5 CREET—¥). TDXIH,

T, B ThHoTz I CRFANEERSE, oh BERTEL OFEIANVAFY Y 7HHBELTWSIZ
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bLoddrdh 5, HBV 4 U 70 79% 3 & Ut HCV
Fx Y 7O 82% THENE & oMl T0I b,
& 89% B X UHBED % KBV TIFRIZET 2
B LERER T REWIRECH o2 EL, &
VTR T IERT BT, BEAE R
ENTWLEMPEET S LiEN RN, SE0%S
MEETEHBROMRBETHEHTHS, 4%, A7
ooy O L B S R R E TR U
WTWAPOBHRESLELEZ NS,

frpoWEicE, WREL L EEAR, B, E
AR, 8 - WILERAH, EESHEolTSE |
INGIIFEAEIREIA S )~ TR LN R
A, HBV ¥+ U 7 OFEHNF~0 g 9L M E
FTAHRTL LT, EsERRRBHH*BOBET &
LT s, #E B BB cl, ERRRS
OB DR O E R HBY 5 1) 7 O% v 10
PR EATY, EARRBHEHE D VYRR
<, BUEBRIE-CHEACEETHY, TRODBR
BB EPTHFEELE L LN, BRFEITEMEL
FREE AR/, HBsAg e (HBY 49U 7) TH
TS PME~D T 9L D BERETH S, T,
BEFLEFEBENBENPE P, 856124 { D HBV
Fr)TOEVELICESLIELEELRHETHA.
HEHCV ¥y ) 7EETEa vV MCEETAHET
LT ALT & HOV SufHli s, LA-HFTH D
R RBHF L B E Rz HEE C BIBEN
SBTE, FFROHEME B LB R IE Tl o
OV R HRE R BIRIEAH S ik o fn CEIFR
i, FEACSOEFATEY GBI LoBREERL, *
R WIFSEE SR L H LT v { 720, & C g
ek B S NERITIE, BB FE O AT 8HE
THa. T, ALT BEEFAIIBVWTHRETIES
5 DS F 5 7P B 4 0 T SRtk A%
WwEARENRLHCV 5 U TEAOFILS, Fiv A v
ARBERET LEAVFET ATREIT/CH Y,
EHAFENZ AR ~O I VL P EBREL T
T EPEETH .

Anti-HCV BB FHAR TR s, ZhULE
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Current management practices for HBs antigen or anti-HCV antibody
positive individuals in non-hepatology departments
at a university hospital

Naoko Eguchi Furukawa®, Yasunori Kawaguchi’*, Satoshi Oeda’, Natsumi Izumi”, Hitoshi Eguchi®,
Toshihiko Mizuta”, Susumu Fujii, Mitsuhiro Takasaki”, Iwata Ozaki®, Takashi Sugioka?,
Keizo Anzai®, Shuichi Yamashita?, Yuichire Eguchi”

Little is known about the current medical management practices relating to hepatitis virus carriers in non-
hepatology departments. The aim of this study was to clarify the existing management of viral hepatitis in non-
hepatology departments at a university hospital. Subjects who underwent screening tests for HBsAg (n=6,648)
and anti-HCV (n=6,612) at 27 non-hepatology departments between January 2010 and December 2010 were
analyzed. The number of HBsAg-positive (HBV carrier), probable chronic hepatitis B, anti-HCV-positive, prob-
able HCV carrier, and probable chronic hepatitis C were 126 (1.9%), 66 (1.0%), 487 (74%), 369 {(5.6%), and 244
(3.7%), respectively. In spite of high infection rates, 79% of HBV carriers and 82% of probable HCV carriers
were not referred to a hepatologist. In 89% of the former and 97 % of the latter, a medical plan for viral hepatitis
was not described in the electronic medical record. A system to manage hepatitis virus carriers should be estab-
lished immediately in medical institutions that have hepatologists,
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The Significance of Classifying Microvascular Invasion in Patients

with Hepatocellular Carcinoma
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ABSTRACT

Background. Microvascular invasion (MVI) has been
recognized as a risk factor for outcome following curative
resection in hepatocellular carcinoma (HCC). Because
MVI can range from few to many invaded vessels, we
evaluated the significance of MVI classification in this
study.

Methods. Between January 1995 and December 2010, 207
consecutive patients who underwent curative resection for
HCC within Milan criteria were included in this retro-
spective study. Patients were classified into mild and severe
MVT groups based on the number of vessels invaded. This
study evaluated whether MVI classification can help to
predict recurrence and survival after curative resection.
Results. Of the total 207 patients, 103 (50 %) patients had
no detectable MVI, whereas 59 (28 %) had mild MVI, and
45 (22 9&) had severe MVL Recurrence-free survival rates
at 2 years for patients without MVI, with mild MVI, and
severe MVI were 75.9, 47.2, and 32.7 %, respectively.
Patients with severe MVI experienced a high frequency of
fatal recurrence, such as multiple tumors, macroscopic
vascular invasion, and extrahepatic metastasis after cura-
tive resection. Multivariate analysis revealed age, number
of tumors, mild MVIL, and severe MVI as independent
predictors of recurrence-free survival. Disease-specific
survival rates at S years for patients without MVI, with
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mild MVI, and severe MVI were 91.5, 70.4, and 51.4,
respectively. Multivariate analysis also revealed cirrhosis,
tumor size, mild MVI, and severe MVI as independent
predictors of disease-specific survival.

Conclusions. We demonstrated that MVI classification
can stratify HCC patients by different patterns of recur-
rence and risk of survival after curative resection.

Hepatocellular carcinoma (HCC) is one of the most
common malignancies in the world. Recent advances in
imaging procedures and surveillance programs for high-
risk patients have led to increased detection of early-stage
HCC, resulting in an increase in identification of patients in
whom curative resection is possible."* However, the long-
term survival of HCC patients remains unsatisfactory due
to the high frequency of intra- and extrahepatic recur-
rences.>* Vascular invasion (VI) has been recognized as a
risk factor leading to early recurrence of HCC.*® More-
over, the fatal recurrence in HCC patients with VI limits
additional attempts at various curative therapies, such as
liver resection and radiofrequency ablation (RFA), thereby
contributing to poor survival.”!

VI is generally classified using either macroscopic or
microscopic findings. Macroscopic VI, such as a tumor
thrombus in the major portal vein, is known to be a crucial
risk factor for survival after liver resection or transplanta-
tion in HCC patients and is detectable by various imaging
procedures.!’** Therefore, the presence of macroscopic VI
is usually evaluated before treatment and is an important
parameter that is included in the TNM, CLIP, JIS, and
BCLC scoring systems and is used to determine treatment
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strategies in HCC patients.'™'*'® In contrast, microscopic
vascular invasion (MVI) is difficult to detect before initi-
ation of HCC treatment, even if sophisticated imaging
procedures are conducted during patient evaluation.
Recently, many studies have reported that the presence of
MVI is closely associated with outcome following liver
resection or transplantation in HCC patients.””?! Our
previous study also showed that MVI was an important
strong risk factor for recurrence and survival following
resection of HCC within the Milan criteria.®? Therefore,
MVTI is as important as macroscopic VI and should be
evaluated as a risk factor of patients with HCC. Moreover,
the current definition of MVI encompasses a wide range of
tumor invasion, from one to many microscopic vessels that
are contiguous with the tumor. Thus, patients with MVI
have been suggested to have a wide range of outcomes
after resection. Consequently, the purpose of this study was
to evaluate whether the classification of MVI based on
number of vessels invaded affects tumor recurrence and
survival after resection of HCC.

METHODS
Patients

Between January 1995 and December 2010, 256 patients
underwent liver resection at the Kurume University School
of Medicine and were diagnosed with HCC by histological
findings. The following patients were excluded: (1) patients
whose disease did not fulfill the Milan criteria (a single
tumor <5 cm or <3 tumors each <3 cm); (2) patients with
macroscopic VI; (3) patients with extrahepatic metastasis;
(4) patients who underwent noncurative liver resection; and
(5) patients who were diagnosed with combined hepato-
cellular and cholangiocellular carcinoma by histological
findings. Of the total 256 patients, 49 patients having one
or more of the above criteria were excluded, and the
remaining 207 patients were retrospectively enrolled in this
study. Patients included 162 males (78 %) and 45 females,
with a median age of 66 (range 16-83) years. Overall, 147
patients (71 %) were positive for hepatitis C virus (HCV)
infection and 46 patients (22 %) were positive for hepatitis
B virus (HBV) infection. Liver cirrhosis was present in 81
patients (39 %). The median tumor size was 25 (range
12-50) mm, and 160 patients (77 %) had a solitary tumor.
Various surgical procedures were classified as major or
minor resections according to Couinaud’s segment classi-
fication. Major resections (segmentectomy, sectorectomy,
and lobectomy or greater) were performed in 123 patients,
whereas minor resections (all other types of resection,
including partial hepatectomy and subsegmentectomy)
were performed in 84 patients.

Follow-Up and Endpoint

After surgical resection, each patient was followed
carefully. Serum biochemistries, alpha-fetoprotein (AFP)
levels, and des-gamma-carboxy prothrombin (DCP) levels
were measured, and ultrasonography was performed
monthly. Contrast-enhanced dynamic computed tomogra-
phy (CT) was performed every 3 months until 6 months
posttreatment and every 6 months thereafter, Magnetic
resonance imaging (MRI) was performed as a supplemental
examination. Recurrence was diagnosed based on the
combined findings of these examinations with appearances
typical of HCC. The endpoint of this study was the date of
recurrence, death, or last follow-up visit; the closing date
was December 2011. The median duration of follow-up
was 54.4 (range 9.5-177.8) months.

Histopathological Evaluation

The resected liver specimens were cut into serial 2-3-
mim thick slices and fixed in 10 % formalin to facilitate
careful gross and histopathological examinations. Each of
the liver slices was embedded in paraffin, cut into 4-mm
sections, and stained with hematoxylin and eosin. Tumors
were examined for maximum tumor size, MV, intrahe-
patic micrometastasis, capsular formation, and histologic
grade. Noncancerous liver parenchyma was inspected for
evidence of cirrhosis. Histological grade was based on the
criteria of the Edmondson-Steiner classification and the
Liver Cancer Study Group of Japan**** Intrahepatic
micrometastasis was defined as a satellite micronodule in
the surrounding liver tissue that is isolated from the main
tumor. MVI was defined as microscopic tumor invasion
identified in the portal vein and hepatic vein of the sur-
rounding liver tissue that is contiguous with the tumor
edge. Moreover, we hypothesize that the extent of MVI
may affect tumor recurrence and survival after resection,
because MVI encompasses a wide range of tumor inva-
sion. Therefore, in this study, we devised a novel
classification of MVI based on number of invaded vessels
and divided the patients with MVI into two groups as
follows: patients in the mild MVI group had one to five
invaded vessels, whereas patients in the severe MVI group
had more than five invaded vessels. The number of MVI
was counted in each nodule. If patients had multiple
tumors, the tumor with the most number of invaded
vessels was selected for the classification of MVI. These
histopathological evaluations of the resected specimens
were retrospectively performed by one experienced
pathologist (O.N.). Typical examples of the two MVI
types are shown in Fig. 1.
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FIG. 1 Typical examples of the two microvascular invasion (MVI) types classified by number of vessels invasion. a mild MVI: peritumoral
vessel invasion from one to five (hematoxylin—eosin, x50). b severe MVI: peritumoral vessel invasion more than five (hematoxylin—eosin, x20)

Statistical Analysis

Continuous variables were expressed as median (range).
Comparison analysis among MVI grades was performed
using the Chi square test for discrete variables and the
Kruskal—Wallis test followed by Mann—-Whitney U test with
Bonferroni correction as a post hoc test for continuous
variables. Recurrence-free survival and disease-specific
survival were determined by Kaplan—Meier analysis, and
differences between subgroups were compared with log-
rank tests. A cause specific Cox proportional hazards model
was used for univariate and multivariate analysis to identify
separately any independent variables that were related to
recurrence-free  survival or disease-specific survival.
The variables that were statistically significant by univari-
ate analysis were included in a multivariate analysis. No
interaction terms were considered, because the preanalysis
showed the nonsignificance for the interaction. Data from
these models were expressed as hazard ratio (HR) and 95 %
confidence interval (95 % CI). All P values were two-tailed,
and a level of <0.05 was considered to be statistically sig-
nificant. Statistical analysis was performed by SPSS
software version 20 (SPSS Inc., Chicago, IL, USA).

RESUL.TS

Comparison of Patient Characteristics Based on Grade
of MVI and Predictors of Severe MVI

Clinicopathological characteristics of this study popu-
lation stratified by grade of MVI are shown in Table 1. Of
the total 207 patients, 103 (50 %) patients had no detect-
able MVI, whereas 59 (28 %) had mild MVI, and 45
(22 %) had severe MVI on pathologic examination.
Patients with severe MVI had significantly higher elevated
AFP and DCP levels compared with patients without MVI

or with mild MVIL Patients with worse MVI grades had
larger tumors and a significantly higher prevalence of HCC
that was poorly differentiated and had intrahepatic micro-
metastasis. Other clinicopathological characteristics did not
differ significantly among the three groups.

Recurrence-Free Survival and Predictive Factors

Factors associated with recurrence-free survival were
evaluated by univariate and multivariate analyses. Univari-
ate analysis showed that age >65 years, HCV infection,
HBYV infection, elevated DCP level, tumor size >20 mm,
presence of multiple tumors, presence of MVI, and presence
of intrahepatic metastasis were significant variables affect-
ing recurrence-free survival (Table 2). By multivariate
analysis, presence of MVI (mild MVI; hazard ratio [HR]:
1.93, 95 % confidence interval [CI]: 1.25-2.98, P = 0.003
and severe MVI; HR: 2.87,95 % CI: 1.85-4.46, P < 0.001),
age (>65 years; HR: 1.84, 95 % CI: 1.27-2.65, P = 0.001),
and number of tumors (2-3; HR: 1.68, 95 % CI: 1.13-2.51,
P = 0.011) were identified as independent predictors of
recurrence-free survival (Table 3). Recurrence-free survival
curves of patients stratified by grade of MVI are shown in
Fig. 2a. The recurrence-free survival of patients with mild
and severe M VI was significantly shorter than that of patients
without MVI (no MVI vs. mild MVI, P = 0.0001; no MVI
vs. severe MVI, P < 0.0001; mild MVI vs. severe MVI,
P = 0.1663).

Pattern and Treatment of First Recurrence
after Resection

During the follow-up period, tumor recurrence devel-
oped in 122 (54 %) patients, consisting of 48 (47 %)
patients without MVI, 38 (64 %) patients with mild MVI,
and 36 (80 %) patients with severe MVI. The majority of



