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for variables, with P < 0.05 in the univariate analy-
ses. Only patients with solitary tumours treated with
curative resection were included in the survival
analysis. Patients who died of diseases other than
HCC or liver failure were excluded from the overall
survival analysis. Results were deemed statistically
significant if P < 0.05. Data analysis was conducted
with Dr SPSS version II (SPSS, Inc., Tokyo, Japan)
and EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), a graphical user interface
for R (the R Foundation for Statistical Computing,
Vienna, Austria).

ETHICS

The Ethics Committee of the University of Tokyo
approved the study.

Results
PATIENT CHARACTERISTICS

There were 293 patients with a total of 382 HCC
tumours that met the inclusion criteria of the study.
During this study period, about 1500 HCCs were
treated with 650 surgical procedures, including con-
ventional hepatectomies and transplants. The mean
age of the patients was 65 years (range 19—
83 years). There were 229 male and 64 female
patients. Fifty-four patients (18.4%) were HBV
(+)/HCV(~), 138 (47.1%) were HBV(—)/HCV(+), two
(0.7%) were HBV(+)/HCV(+) and 99 (33.8%) were
HBV(—)/HCV(—). Diabetes mellitus was documented
in 111 patients (37.9%), hypertension in 124 (42.3%)
and hyperlipidaemia in 14 (4.8%). Sixty-seven
(22.9%) had a BMI of 25 or greater. There were 112
patients (38.2%) with a history of alcohol intake (20 g
or more per day for at least 1 year) and 29 (9.9%)
with a history of heavy drinking (80 g or more per
day for at least 5 years). Other chronic liver or biliary
diseases were not documented in any of the patients.

CLINICOPATHOLOGICAL CHARACTERISTICS OF
SH-HCC

There were 120 HCCs (31.4%) in 106 patients
(36.3%) that met the criteria for SH-HCC, including
54 HCCs (14.1%) in 51 patients (17.5%) correspond-
ing to typical SH-HCC.

Sixty-two patients had multiple HCCs. Among
them, 32 had only conventional HCCs (C-HCCs), 23
had both C-HCCs and SH-HCCs, and seven had only
SH-HCCs. One patient had C-HCC and intrahepatic

cholangiocarcinoma (ICC), one had C-HCC and com-
bined HCC-ICC, one had three SH-HCCs and one ICC,
and one had two C-HCCs and one combined HCC-ICC.

Table 1 shows the characteristics of patients with
SH-HCC, with or without C-HCC. Compared to
patients with only C-HCC, patients with SH-HCC had
a relatively higher frequency of female sex, non-viral
aetiology, diabetes mellitus and hypertension, and a
lower frequency of a history of alcoholic intake
(P < 0.05). Serologically, patients with SH-HCC were
characterized by a higher level of total cholesterol
and triglycerides and a lower level of alpha-fetopro-
tein (P < 0.05). Cirrhosis was observed with similar
frequencies in the SH-HCC and C-HCC groups. The
background liver of SH-HCC patients were more fre-
quently steatotic (P = 0.0004), although the degree
of steatosis was generally mild (grade 1, 89%; grade
2, 9%; grade 3, 2%). Features suggestive of steatohep-
atitis, including typical hepatocellular ballooning,
zone 3 fibrosis or Mallory-Denk bodies, were observed
more frequently (P < 0.0001). The patients’ charac-
teristics of SH-HCC mentioned above applied almost
equally to those of typical SH-HCC.

Table 2 shows the incidence of SH-HCC according
to aetiology. Of 71 HCCs arising from a HBV(+)/HCV
(=) background, 13 (18.3%) were SH-HCC and one
(1.4%) was typical SH-HCC, which was significantly
lower than the percentage of HCCs from a HBV
(=)/HCV(+) (SH-HCC, 30.6%; typical SH-HCC, 14.2%)
or HBV(—)/HCV(—) (SH-HCC, 40.7%; typical SH-HCC,
22.0%) background.

SH-HCCs occurred frequently in the context of met-
abolic conditions. There was a significantly higher
proportion of SH-HCC and typical SH-HCC in HCCs
with background diabetes mellitus or hypertension
than those without (P < 0.01). HCCs with back-
ground hyperlipidaemia had a non-significantly
higher proportion of SH-HCC and typical SH-HCC. In
contrast, HCCs arising in patients with a history of
alcohol intake had a lower incidence of SH-HCC than
those without (P = 0.0054). HCCs arising in steatotic
livers had a higher proportion of SH-HCC and typical
SH-HCC than those in non-steatotic livers (P < 0.01).
HCCs arising with a background of steatohepatitis
showed a much higher proportion of SH-HCC and
typical SH-HCC than those without steatohepatitis
(P < 0.0001).

HISTOLOGICAL CHARACTERISTICS

Histologically, all SH-HCCs showed steatosis, at least
focally. Marked (macrovesicular steatosis in >67%
cells), moderate (34-66%) and mild (5-33%) steatosis

© 2013 John Wiley & Sons Ltd, Histopathology, 64, 951-962.
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C-HCC All SH-HCC Typical SH-HCC
(n =187) (n = 106) P* (n=51) Pt

Age (years, mean =+ SD) 64.0 + 11.8 66.7 + 10.8 0.0599 68.0 +79 0.0236
Sex (male:female) 153:34 76:30 0.0439 34:17 0.0194
HBV(+)/HCV(-) 42 (22.5%) 12 (11.3%) 0.0208 1(2.0%) 0.0003
HBV(=)/HCV(+) 90 (48.1%) 48 (45.3%) 25 (49.0%)

HBV(+)/HCV(+) 1(0.5%) 1(0.9%) 0(0.0%)

HBV(—)/HCV(-) 54 (28.9%) 45 (42.5%) 25 (49.0%)

Diabetes mellitus (+) 57 (30.5%) 54 (50.9%) 0.0005 33 (64.7%) <0.0001
Hypertension (-+) 68 (36.4%) 56 (52.8%) 0.0061 32 (62.7%) 0.0007
Hyperlipidemia (+) 7 (3.7%) 7(6.6%) 0.2700 4(7.8%) 0.2557
History of alcohol 80 (42.8%) 32 (30.2%) 0.0331 15 (29.4%) 0.0840

intake (M)}
History of heavy 22 (11.8%) 7 (6.6%) 0.1552 4 (7.8%) 0.6129
drinking (+)§

BMI >25 (kg/m?) 36 (19.3%) 31 (29.2%) 0.0503 15 (29.4%) 0.1170
TP (g/dl, mean + SD) 711 £ 053 7.13 +£ 0.56 0.8386 7.15 4 0.58 0.6831
ALB (g/dl, mean+SD) 3.67 + 0.44 3.72 £ 0.41 0.3352 3.72 £ 036 0.4288
ChE (1U/l, mean =+ SD) 216.8 + 74.1 231.6 + 80.4 0.1109 2299 4 80.1 0.2710
LDH (1U/l, mean + SD) 231.2 £ 69.0 239.3 £79.9 0.3622 2369 + 54.2 0.5902
AST (IU/l, mean =+ SD) 453 4+ 24.4 519 £ 543 0.2365 44.0 + 243 0.7294
ALT (1U/], mean =+ SD) 445 + 38.2 437 £29.4 0.8571 38.9 + 242 0.3205
GGTP (IU/], mean + SD) 93.0 £ 105.3 88.4 £ 89.1 0.7059 87.2 £ 957 0.7227
ALP (1U/], mean + SD) 2852 + 2025 274.5 + 168.0 0.6458 247.8 + 92.7 0.2015
TB (mg/dl, mean + SD) 0.74 + 0.30 0.76 = 0.30 0.6627 0.78 + 0.32 0.4674
T.Cho (mg/dl, mean + SD) 163.5 + 35.3 1776 £ 41.3 0.0022 1725 £ 335 0.1054
TG (mg/dl, mean + SD) 90.2 + 395 111.4 + 544 0.0005 113.4 £ 52.7 0.0046
PT (%, mean =+ SD) 83.6 = 12.8 84.8 £ 129 0.4413 858 + 12.5 0.2953
Pit (x10*/pl, mean + SD) 176 + 84 18.1 £ 9.4 0.6406 16.6 + 8.7 0.4773
ICG15 (%, mean + SD) 14.6 £ 85 155 4+ 9.7 0.3844 16.0 £ 7.9 0.2756
Child-Pugh (A/B) 169/18 99/7 0.3736 48/3 0.5793
AFP (ng/ml, median [IQR]) 28.0 (632.5) 11.5 (96.0) 0.0324 10.0 (44.9) 0.0190
PIVKA2 (mAu/ml, 140.5 (2970.8) 97.0 (715.0) 0.1008 68.0 (266.8) 0.0487

median [IQR])
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Table 1. (Continued)

C-HCC All SH-HCC Typical SH-HCC

(n =187) (n = 106) P* (n=51 PY
Preoperative treatment 113/74 75/31 0.0765 35/16 0.2844
(no/yes)**
Liver cirrhosis (no/yes) 118/69 66/399 0.9670 26/25 0.1165
Steatosis (absent/present) 130/57 51/549 0.0004 21/30 0.0003
Steatosis grade (0/1/2/3) (130/51/5/1) (561/48/5/1) 0.0023 (21/28/2/0) 0.0009
Steatohepatitis 161/26 64/41q <0.0001 24/27 <0.0001
(absent/present)

C-HCC, conventional hepatocellular carcinoma; SH-HCC, steatohepatitic hepatocellular carcinoma; HBV, hepatitis B virus;
HCV, hepatitis C virus; BMI, body mass index; TP, total protein; ALB, albumin; ChE, cholinesterase; LDH, lactate dehydro-
genase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGTP, gamma-glutamyl transpeptidase; ALP, alka-
line phosphatase; TB, total bilirubin; T.Cho, total cholesterol; TG, triglycerides; PT, prothrombin time; PIt, platelet count;
ICG15, indocyanine green retention at 15 min; AFP, alpha-fetoprotein; PIVKA2, protein induced by vitamin K absence or

antagonist-1l; SD, standard deviation; IQR, interquartile range. Significant P-values are indicated in bold.

*Comparison between C-HCC and all SH-HCC.
tComparison between C-HCC and typical SH-HCC.

tIntake of 20 g or more of alcohol per day for at least 1 year.

§Intake of 80 g or more of alcohol per day for more than 5 years.

gBackground liver of one patient could not be assessed.

**Preoperative treatment included transcatheter arterial embolization, transcatheter arterial infusion chemotherapy, trans-

catheter arterial chemoembolization, or portal embolization.

was noted in 13, 22 and 66 tumours, respectively. In
19 tumours, macrovesicular steatosis was observed
only in <5% of tumour cells. Tumour cell ballooning
was seen in all SH-HCCs, at least focally. Fibrosis,
either of the paratrabecular or internodular types,
was observed to varying degrees in 113 of 120 SH-
HCCs. Ten SH-HCCs were accompanied by extensive
fibrosis, comparable to the degree seen in scirrhous
HCC. Intratumoural inflammatory infiltration was
observed in 115 cases. Mallory—Denk bodies were
found in 113 tumours. For the subset of SH-HCC that
met only four of the five criteria, the most frequent
missing criterion was steatosis, followed by fibrosis
and Mallory—Denk bodies.

Steatosis was frequently more pronounced in SH-
HCC than in the background liver tissue. When com-
paring the extent of steatosis in SH-HCC and in the
background liver (3 +, >67% of tumour cells or
background hepatocytes; 2+, 34-66%; 1+, 5-33%; O,
<5%), 66 SH-HCCs had more, 43 had equivalent and
only nine had less steatosis than background liver tis-
sue (data on the background liver was not available
for one patient with two SH-HCCs).

SH-HCCs were characterized by smaller size (med-
ian, 27.0 mm versus 35.0 mm), a higher frequency

of well- to moderately differentiated histology, and a
higher frequency of bile duct invasion (P < 0.05)
(Table 3). Among well- and moderately differentiated
HCCs, SH-HCCs showed a significantly higher fre-
quency of vascular invasion than C-HCCs
(P = 0.0019). Similar trends were seen with typical
SH-HCCs. Of note, typical SH-HCCs were much smal-
ler than C-HCCs (22.5 mm versus 35.0 mm), and
even smaller than the non-typical SH-HCCs
(22.5 mm versus 35.5 mm, P = 0.0122). In addition,
typical SH-HCCs were exclusively well- to moderately
differentiated (100%). Typical SH-HCCs had a signifi-
cantly higher frequency of bile duct invasion than
C-HCCs (P = 0.0089). Typical SH-HCCs showed a
significantly higher frequency of vascular invasion
than well- and moderately differentiated C-HCCs
(P = 0.0289).

PROGNOSIS

Survival analysis was performed on patients with sol-
itary HCCs (Figure 2). Steatohepatitic features in
HCCs did not affect disease-free or overall survival
(Figure 2A,B). When typical and other SH-HCCs
were assessed separately, patients with typical SH-

© 2013 John Wiley & Sons Ltd, Histopathology, 64, 951-962.
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Table 2. Incidence of steatohepatitic hepatocellular carcinoma according to etiology

Total number Number of Number of Typical
Background of HCC SH-HCC (%) P SH-HCC (%) P
HBV(+)/HCV(-) 71 13 (18.3) 0.04812 versus b q (1.4)¢ 0.0014¢ versus €
HBV(—)/HCV(+) 183 56 (30.6)" 0.0014% VU5 ¢ 26 (14.2)° <0.00019 versus f
HBV(+)/HCV(+) 5 1 (20.0) 0.0701b versus ¢ 0 (0.0 0.0793¢ versus f
HBV(-)/HCV(-) 123 50 (40.7)° 27 (22.0)f
Diabetes mellitus (+) 144 64 (44.4) <0.0001 36 (25.0) <0.0001
Diabetes mellitus (—) 238 56 (23.5) 18 (7.6)
Hypertension (+) 175 68 (38.9) 0.0040 34 (19.4) 0.0063
Hypertension () 207 52 (25.1) 20 (9.7)
Hyperlipidemia (+) 20 8 (40.0) 0.3954 5 (25.0) 0.1520
Hyperlipidemia (—) 362 112 (30.9) 49 (13.5)
BMI 225 (kg/m?) 94 39 (41.5) 0.0154 17 (18.1) 0.2056
BMI <25 (kg/m?) 288 81 (28.1) 37 (12.8)
Alcohol intake (+)* 144 33 (22.9) 0.0054 15 (10.4) 0.1046
Alcohol intake (—) 238 87 (36.6) 39 (16.4)
Heavy drinking (+)" 40 7 (17.5) 0.0451 4 (10.0) 0.6306
Heavy drinking (-) 342 113 (33.0) 50 (14.6)
Steatosis (+) 155 60 (38.7) 0.0091 32 (20.6) 0.0027
Steatosis (—) 226 59 (26.1) 22 (9.7)
Steatohepatitis (+) 94 46 (48.9) <0.0001 29 (30.9) <0.0001
Steatohepatitis (—) 287 73 (25.4) 25 (8.7)

HBV, hepatitis B virus; HCV, hepatitis C virus; SH-HCC, steatohepatitic hepatocellular carcinoma; BMI, body mass index.

Significant P-values are indicated in bold.

*Intake of 20 g or more of alcohol per day for at least 1 year.

tIntake of 80 g or more of alcohol per day for more than 5 years.
Superscripts, a—f, represent each value in cells (13(18.3%), etc.).

HCCs had significantly better disease-free survival
than patients with other SH-HCCs or C-HCCs
(Figure 2C). Neither SH-HCC nor typical SH-HCC,
however, was a significant prognostic factor in the
multivariate Cox proportional hazards regression
model (Table 4).

Discussion

The incidence of SH-HCC in this study cohort was
similar to or somewhat higher than those in previous
studies from the United States (13.5-35.5%).%>%°

© 2013 John Wiley & Sons Ltd, Histopathology, 64, 951-962.

Such a high prevalence may be partly attributable to
the relatively high incidence of metabolic conditions
in the study group. The higher prevalence of SH-HCC
in the present study compared to the study by Salo-
mao et al., however, is most likely to be related to the
distinct diagnostic criteria used in the two studies: we
made the diagnosis of SH-HCC when a tumour ful-
filled the histological criteria regardless of whether
the features were focal or extensive, whereas Salomao
et al. considered a tumour SH-HCC when SH features
were present in at least 50% of the tumour area on
representative tissue sections. Association between
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Table 3. Histologic characteristics of steatohepatitic hepatocellular carcinoma

C-HCC All SH-HCC

Typical SH-HCC

(n=262) (n=120) P* (7 =54) Pt
Location (right lobe/left lobe) 185/77 80/40 0.4376 36/18 0.5649
Location (superficial/deep) 55/62 24/43 0.1401 12/26 0.0953
Size (mm, median [IQR]) 35.0 (42.3) 27.0(35.0) 0.0197 22.5(20.3) 0.0008
Grade (well/mod/por) 64/145/53 30/80/10  0.0119 10/44/0 <0.0001
Vascular invasion (present/absent), all cases 123/139 69/51 0.0555 29/25 0.3655
Vascular invasion (present/absent), well/mod HCC cases 78/131 61/49 0.0019 29/25 0.0289
Bile duct invasion (present/absent) 4/258 8/112 0.0116 5/49 0.0089
Intrahepatic metastasis (present/absent) 51/211 19/101 0.3943 7/47 0.2610

C-HCC, conventional hepatocellular carcinoma; SH-HCC, steatohepatitic hepatoceliular carcinoma; IQR, interquartile range;
well, well differentiated; mod, moderately differentiated; por, poorly differentiated. Significant P-values are indicated in

bold.

*Comparison between C-HCC and all SH-HCC.
+Comparison between C-HCC and typical SH-HCC.
$Tumours <3 c¢m in diameter were assessed.
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Figure 2. Survival data for
solitary hepatocellular
carcinoma. Disease-free (A)
and overall (B) survival did not
differ between conventional
hepatocellular carcinoma
(C-HCC) and steatohepatitic
hepatocellular carcinoma
(SH-HCC). When typical SH-
HCC and other SH-HCC were
analysed separately (C,D),
typical SH-HCC showed better
disease-free survival than other
SH-HCC and C-HCC,
respectively (C).
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Table 4. Prognostic factors in solitary HCC

Disease-free survival

Overall survival

Univariate analysis

Multivariate analysis

Univariate analysis

Multivariate analysis

Factor HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Age (> 65 years versus 1.179 (0.843-1.647) 0.3356 1.624 (0.834-3.164) 0.1538

0-65 years)

Sex (male versus female) 1.122 (0.762-1.656)  0.5582 1.074 (0.510-2.262) 0.8516

HBV (positive versus 0.934(0.610-1.430)  0.7539 0.937 (0.414-2.124)  0.8767

negative)

HCV (positive versus 1.149 (0.830-1.589)  0.4030 0.981 (0.523-1.840) 0.9536

negative)

Diabetes mellitus 0.954 (0.680-1.337) 0.7826 1.667 (0.886-3.136)  0.1132

(present versus absent)

Hypertension (present 1.014 (0.730-1.409)  0.9332 1.025 (0.541-1.940) 0.9408

versus absent)

Body mass index 1.023 (0.693-1.508) 0.9102 0.988(0.469-2.082)  0.9748

(>25 kg/m?

versus <25 kg/m?)

History of alcohol intake 0.915 (0.653-1.283)  0.6069 0.605 (0.301-1.216)  0.1581

(present versus absent)

History of heavy drinking 0.848 (0.458-1.568) 0.5983 0.553 (0.133-2.293) 0.4139

(present versus absent)

Child-Pugh (B versus A) 1.573 (0.904-2.737)  0.1091 1.126 (0.346-3.662)  0.8433

AFP (>20 ng/ml versus 1.407 (1.016-1.948)  0.0400 1.319 (0.915-1.903) 0.1377 0.866 (0.460-1.631)  0.6560

0-20 ng/ml)

Tumour size (>5 cm 1.932 (1.389-2.687) <0.0001 1.419 (0.972-2.072) 0.0697 2.322 (1.236-4.363) 0.0088 1.070 (0.523-2.190) 0.8531
versus 0-5 cm)

Histologic grade (por versus 1.578 (1.069-2.327)  0.0215 0.854 (0.535-1363) 0.5083 3.590 (1.859-6.799) <0.0001 2.689 (1.377-5.253) 0.0038
well/mod)

SH-HCC (present versus 0.864 (0.609-1.226) 0.4144 0.786 (0.391-1.578)  0.4979

absent)
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Table 4. (Continued)

Disease-free survival

Overall survival

Univariate analysis

Multivariate analysis

Univariate analysis

Multivariate analysis
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Factor HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Typical SH-HCC (present 0.571 (0.339-0.961) 0.0348 0.622 (0.363-1.064) 0.0832 0.298 (0.072-1.237) 0.0955

versus absent) :

Vascular invasion (present 1.639 (1.162-2.313) 0.0049 1.140 (0769-1.690) 0.5146 3.559 (1.570-8.067) 0.0024 1.863 (0.749-4.636) 0.1809
versus absent)

Intrahepatic metastasis 3.453 (2.418-4.932) <0.0001 2.885 (1.915-4.348) <0.0001 4.667 (2.482-8.777) <0.0001 3.253 (1.599-6.619) 0.0011
(present versus absent)

Background liver (LC versus 1.421 (1.017-1.986) 0.0396 1.515 (1.064-2.156) 0.0216 1.343 (0.712-2.532) 0.3622

non-LC)

Steatosis (present versus 0.874 (0.618-1.235)  0.4448 0.805 (0.413-1.568) 0.5237

absent)

Steatohepatitis (present 0.832 (0.554-1.251) 0.3766 0.754 (0.346-1.643) 0.4767

versus absent)

HR, hazard ratio; Cl, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; SH-HCC, steatohepatitic hepatocellular carcinoma; AFP, alpha-fetopro-
tein; por, poorly differentiated; well, well differentiated; mod, moderately differentiated; LC, liver cirrhosis. Significant P-values are indicated in bold.



SH-HCC and metabolic conditions was a cardinal
finding in the seminal study by Salomao et al.* The
present study demonstrated a more robust associa-
tion; unlike the previous study, both diabetes mellitus
and hypertension were significantly more prevalent
in patients with SH-HCC than those without SH-HCC.
In this study cohort only a small number of patients
had a history of hyperlipidaemia, but serum levels of
total cholesterol and triglycerides were significantly
higher in patients with SH-HCC than those with
C-HCC. Although we cannot emphasize this result, as
the serum data had not been measured under equal
nutritional conditions in all the patients, an associa-
tion between SH-HCC and hyperlipidaemia seems
quite plausible, because hyperlipidaemia is a principal
feature of the metabolic syndrome.

In line with the high frequency of metabolic condi-
tions in the SH-HCC patients, the background liver of
SH-HCC patients more frequently exhibited steatosis.
Features suggestive of steatohepatitis were also more
prevalent in the SH-HCC group. We do not know the
exact frequency of steatohepatitis in our study cohort
due to the following reasons. First, it was sometimes
difficult to determine the presence of steatohepatitis
in patients with chronic viral hepatitis which could,
by itself, induce steatosis and hepatocellular balloon-
ing.'® Secondly, some cases corresponded to crypto-
genic cirrhosis which, as is well known, could
represent end-stage steatohepatitis.'’ Steatosis was
frequently more pronounced in SH-HCC than in the
background liver. Therefore, tumour histology tended
to be a better indicator of the metabolic background
than the background tissue.

When compared to HBV-related HCCs, HCV-related
HCCs showed a much higher proportion of SH-HCCs.
The difference is partly attributable to the different
prevalence of metabolic conditions; diabetes mellitus
was significantly more common in HCV-positive
patients. Of note, several studies have shown that
HCV infection, usually genotype 1, induces insulin
resistance and the metabolic syndrome.'*!*> More-
over, a number of studies have shown that HCV
infection directly induces steatosis in hepatocytes.
This phenomenon results from a cytopathic effect of
HCV, associated mainly with genotype 3.'* Further
studies are needed to elucidate whether HCV has a
similar cytopathic effect on neoplastic hepatocytes.

One interesting result was the lower frequency of a
history of alcoholic intake in the SH-HCC group than
in the C-HCC group. We surmise that this result is
related to the protective effect of alcohol in fat metab-
olism. On one hand, alcohol consumption is a well-
established causative agent for inducing steatosis or

© 2013 John Wiley & Sons Ltd, Histopathology, 64, 951-962.
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steatohepatitis.”> On the other hand, recent studies
have shown repeatedly that modest alcohol intake
has an inverse association with liver fat content or
the development of steatohepatitis in NAFLD.'67!8

The notable histological characteristics of SH-HCCs
include a tendency towards invasion, as was shown
by a high frequency of vascular and bile duct involve-
ment. We failed to demonstrate prognostic signifi-
cance of SH-HCC despite such a high frequency of
vascular involvement. We infer that this results from
the relatively smaller size of SH-HCCs. A recent study
showed that microvascular invasion by HCC, the pre-
cise prognostic significance of which remains a mat-
ter of discussion.’® was not a prognostic factor in
small HCCs.>"

In this study, we analysed ‘typical’ SH-HCCs sepa-
rately, because the relevant histological criteria of
SH-HCC were not known at the start of the study
and we hypothesized that ‘typical’ SH-HCC would at
least represent this subset. Typical SH-HCCs shared
similar characteristics with SH-HCCs in general.
Interestingly, they were even smaller than other SH-
HCCs and were exclusively well- to moderately differ-
entiated. These findings suggest that typical SH-HCCs
represent early-stage SH-HCCs and they possibly lose
some steatohepatitic features with tumour progres-
sion. Alternatively, C-HCCs can take on steatohepatit-
ic features as they progress. The slightly better
prognosis associated with typical SH-HCC probably
reflects a smaller size and relatively well-differentiated
histology.

Further study is still necessary to characterize SH-
HCC more clearly. Unlike the results presented by Sa-
lomao et al,® a steatohepatitic background does not
seem to be the sole determinant of steatohepatitic his-
tology of HCC based on the present study, in which a
number of SH-HCC patients lacked background ste-
atohepatitis or metabolic conditions. A similar conclu-
sion was reached by a recent study.’ It is, therefore,
of paramount importance to investigate genetic alter-
ations of SH-HCCs and to identify molecular mecha-
nisms leading to steatohepatitic histology. With some
distinct genetic characteristics or association with
some genetic subsets of HCCs, SH-HCCs would still be
a noteworthy subtype. Morphological characteristics
of precursor lesions of SH-HCCs should also be inves-
tigated in future studies.

In conclusion, we confirmed that SH-HCCs were a
subset of HCCs associated with metabolic conditions
and the presence of steatosis or steatohepatitis in the
background liver. Although SH-HCC showed invasive
characteristics on histology, steatohepatitic features
did not represent a significant prognostic factor. Fur-
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ther studies, especially on genetic aspects, are neces-
sary to determine the significance of SH-HCC.
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Background & Aims: Although liver fibrosis is an important pre-
dictor of outcomes for biliary atresia (BA), postsurgical native
liver histology has not been well reported. Here, we retrospec-
tively evaluated postsurgical native liver histology, and devel-
oped and assessed a novel scoring system - the BA liver fibrosis
(BALF) score for non-invasively predicting liver fibrosis grades.
Methods: We identified 259 native liver specimens from 91 BA
patients. Of these, 180 specimens, obtained from 62 patients aged
>1 year at examination, were used to develop the BALF scoring
system. The BALF score equation was determined according to
the prediction of histological fibrosis grades by multivariate
ordered logistic regression analysis. The diagnostic powers of
the BALF score and several non-invasive markers were assessed
by area under the receiver operating characteristic curve
(AURQC) analyses.

Results: Natural logarithms of the serum total bilirubin, y-glut-
amyltransferase, and albumin levels, and age were selected as
significantly independent variables for the BALF score equation.
The BALF score had a good diagnostic power (AUROCs = 0.86-
0.94, p <0.001) and good diagnostic accuracy (79.4-93.3%) for
each fibrosis grade. The BALF score revealed a strong correlation
with fibrosis grade (r=0.77, p<0.001), and was the preferable
non-invasive marker for diagnosing fibrosis grades >F2. In a
serial liver histology subgroup analysis, 7/15 patients exhibited
liver fibrosis improvement with BALF scores being equivalent to
histological fibrosis grades of FO-1.

Keywords: Biliary atresia; Hepatoportoenterostomy; Liver fibrosis; Liver biopsy;
Non-invasive fibrosis marker.
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Conclusions: In postsurgical BA patients aged >1 year, the BALF
score is a potential non-invasive marker of native liver fibrosis.
© 2014 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Biliary atresia (BA) is a destructive, inflammatory, obliterative
cholangiopathy that develops in 1/5,000 to 1/19,000 newborns
[1]. The disease affects varying lengths of both the extra- and
intra-hepatic bile ducts, and is classified according to the level
of the most proximal part of the extra-hepatic biliary obstruction:
atresia of the common bile duct (type 1), hepatic duct (type 2), or
porta hepatis (type 3) [1,2]. To establish initial bile drainage, an
anastomosis between the bile duct and the gastrointestinal tract
can be created in certain cases (“correctable” BA, mostly type 1),
but hepatoportoenterostomy is more often performed
(“non-correctable” BA, mostly type 3) in such cases [2].

Hepatoportoenterostomy, first described by Kasai [3], can
achieve initial bile drainage in 50-60% of cases [ 1]. However, liver
fibrosis progresses rapidly before the bile drainage operation, and
is an important predictor of outcome {4]. Even after successfully
achieving bile drainage by portoenterostomy, progression of liver
fibrosis may continue, leading to portal hypertension and cirrho-
sis [4]. Liver transplantation (LT) is performed when bile drainage
is not achieved, or when complications of biliary cirrhosis occur
[5]. Because of the progressive liver disease, long-term native
liver survival is only achieved in approximately 20% of BA
patients {4,5]. Thus, BA is the most common indication for LT in
children; moreover, portoenterostomy is believed to be palliative,
not curative [1].

Because of the severe shortage of organs from deceased
donors in Japan [6], determination of the optimal time for living
donor LT (LDLT) is important for BA patients. To investigate the
postsurgical state of the native liver, we have performed percuta-
neous liver biopsies as part of the patient’s routine follow-up.
Because native liver fibrosis in postsurgical BA patients has not
been well reported, we retrospectively analyzed the histology
findings from 259 native liver specimens, and their associated
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data, in 91 BA patients. From this, we developed a novel scoring
system - the BA liver fibrosis (BALF) score — which is a non-inva-
sive, practical, and easily accessible potential marker of liver
fibrosis that is based on standard liver tests; its accuracy was also
evaluated by comparing with the pediatric end-stage liver dis-
ease (PELD) score, which is widely used for liver allocation deter-
minations {7], and the levels of several non-invasive fibrosis
markers. Furthermore, we evaluated serial native liver histology
in a subgroup of 15 patients.

Patients and methods
Study population and ethical considerations

We retrospectively identified 91 BA patients from whom native liver specimens
had been obtained between March 1993 and February 2013 at Keio (Japan) Uni-
versity School of Medicine. The patients had either visited our institution for an
initial operation, were referred to us for follow-up after an initial operation (42
patients), or had been referred to us due the presence of LT indicators (49
patients) after an initial operation for bile drainage. From the 91 patients, 259
liver specimens were collected by wedge biopsy during laparotomy (34 speci-
mens), percutaneous needle biopsy (161 specimens), or were obtained from
explanted livers during LT (64 specimens). From these specimens, we excluded
1 explanted liver because of a hepatitis C virus infection, and 18 specimens
because of liver histology findings (described below).

Development of the BALF score was conducted from 180 histology examina-
tions obtained from 62 patients aged >1 year, because liver biochemistry results
were likely elevated before surgery, and for a certain period after surgery, regard-
less of the liver fibrosis grade. Of the 180 specimens, the median number of spec-
imens obtained from individual patients was 1 (range, 1-11). Of the 62 patients,
28 (45.2%) were male and 34 (54.8%) were female. Type 1 BA was diagnosed in 9
patients (14.5%), type 2 in 2 (3.2%), and type 3 in 45 (72.6%); the diagnosis was
unknown in 6 (9.7%). The initial surgery for bile drainage was hepaticoenteros-
tomy in 6 patients (9.7%), hepatoportoenterostomy in 54 (87.1%), and an
unknown procedure in 2 (3.2%); the median age at the time of the initial surgery
was 64 days (range, 17-151 days). Selection of the study population is summa-
rized in Fig. 1. This study conformed to the ethical guidelines of the 1975 Decla-
ration of Helsinki, and was approved by the ethical committee at Keio University
School of Medicine (2012-173).

{ 91 biliary atresia patients

l 15 patients were studied
for serial histology

259 native liver specimens
Wedge biopsy, n = 34
Needle biopsy, n = 161
Explanted liver, n = 64

Hepatitis C virus infection, n = 1

Exclusion (n = 79) Inadequate sample, n =5

Unique liver histology**, n =13

<1 year of age at examination, n = 60

Fig. 1. Selection of the study population. *Obtained from 62 patients. **One
patient revealed unique liver histology findings, indicating ductopenia, accom-
panied by little evidence of fibrosis in 13 serial percutaneous biopsies.
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Data collection

The patients’ clinical courses, documented pathological findings, and laboratory
results around the time of liver specimen collection were collected from the
patients’ medical records. Collected standard biochemical test results included
serum levels of total bilirubin (TB), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), y-glutamyltransferase (GGT), albumin, and cholinester-
ase (ChE). Collected hematological test results included prothrombin time-
international normalized ratios (PT-INR) and platelet counts. These standard
biochemical and hematological test results were obtained for all corresponding
histological examinations. The PELD score {7] was calculated using the following
equation:

PELD score = {0.463 x (age < 1year") — 0.687 x Log, [albumin (g/dl)]
+0.480 x Log, [TB (mg/dl)] + 1.857 x Log, (PT-INR)
+0.667 x (growth failure < —2 standard deviation™)} x 10

*“Age was coded as 1 for children under 1 year; in other cases, it was coded as
0.

*Growth failure was coded as 1 for children, with height or weight <-2
standard deviations below age-specific normal values; in other cases, it was
coded as 0.

As a non-invasive fibrosis marker, the AST to platelet ratio index (APRI) [8]
was also calculated; a serum AST level of 35 IU/L was used as the upper normal
limit:

APRI = {(AST/upper normal limit)/[platelet counts (10°/L)]} x 100

The APRIs in patients having a history of splenectomy, partial splenic embo-
lization, or with biliary atresia splenic malformation syndrome were excluded
from further analyses. Direct serum fibrosis markers, including serum levels of
hyaluronic acid, type IV collagen 7S domain, and procollagen type Il amino-ter-
minal peptide (PIIINP) [9], were collected for most of the corresponding histolog-
ical examinations. The normal ranges are <50.0 ng/ml for hyaluronic acid,
<6.0 ng/ml for type IV collagen 7S domain, and 0.30-0.80 U/ml for PIIINP.

Evaluation of liver histology

Wedge biopsy specimens, >5 mm in size, were obtained by surgical resection
from the edge of the liver during laparotomy. Percutaneous liver biopsies,
>1.0 cm in length, were performed with an 18-gauge suction needle under ultr-
asonographic guidance. All of the biopsies and operations were performed after
obtaining written informed consent. The biopsy specimens and explanted livers
were fixed in formalin, embedded in paraffin, sectioned, and stained with hema-
toxylin-eosin, Azan-Mallory, and Elastica van Gieson stains. Liver fibrosis was
evaluated based on the documented pathological findings that had been reported
at the time of examination by experienced pathologists, according to the META-
VIR scoring system [10] or the new Inuyama classification [ 11] as follows: FO, no
portal fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with rare
septa; F3, numerous septa or lobular distortion without cirrhosis; and F4, cirrho-
sis. Five specimens, containing no or few portal tracts, were indeterminate for
fibrosis grade. One patient revealed unique liver histology findings, indicating
ductopenia, accompanied by little evidence of fibrosis in 13 serial percutaneous
biopsies. When compared to the other subjects, the blood test results for this
patient did not correspond to the histological fibrosis grade; therefore, these 13
specimens were excluded from the analysis.

Development of the BALF score by ordered logistic regression analysis

To predict the histological fibrosis grade, ordered logistic regression analyses
were performed, using the histological fibrosis grades as ordinal data (FO, F1,
F2, F3, and F4) for the dependent variable; the independent variables included
logarithmic transformations of the collected standard biochemical and hemato-
logical test results, and age at the time of the corresponding histological exami-
nation. For multivariate logistic regression analysis, independent variables
showing strong correlations (|r| >0.7) to each other were avoided because of mul-
ticollinearity concerns. The equation comprising the BALF score was developed by
adding a minus sign to the regression equation for the logit of FO probability in
the multivariate analysis.
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Table 1. Baseline data, stratified by histological fibrosis grade, for the development of the biliary atresia liver fibrosis (BALF) score.

FO F1 F2 F3 F4

(n = 15) (n = 53) (n = 44) (n = 34) (n = 34)
TB (mg/dl) 0.5 (0.2-0.9) 0.7 (0.3-10.1) 0.8 (0.3-11.5) 1.9 (0.4-24.5) 7.2(0.3-30.1)
AST (IU/L) 33 (25-83) 36 (18-550) 75 (22-251) 108 (35-1065) 181 (94-472)
ALT (IU/L) 22 (14-79) 35 (9-676) 64 (13-457) 86 (21-411) 133 (37-587)
GGT (IUL) 44 (10-102) 68 (7-1108) 142 (8-1384) 204 (66-1456) 317 (32-1817)
Albumin (g/di) 4.4 (3.7-4.7) 4.1 (3.1-5.1) 4.0 (3.0-5.1) 3.7 (2.4-4.6) 3.2 (1.5-4.5)
ChE (IUL) 326 (220-598) 342 (97-567) 278 (122-581) 185 (46-335) 141 (43-323)
PT-INR 1.07 (1.00-1.21)  1.07 (0.91-1.47) 1.03 (0.86-1.25)  1.04 (0.86-2.01) 1.14 (0.89-1.48)
Platelet count (x 10°%L) 141 (70-356) 165 (52-372) 127 (45-392) 113 (56-446) 152 (42-524)
Age (yr) 9.7 (1.1-18.8) 7.0 (1.2-19.9) 5.3 (1.2-19.2) 7.4 (1.1-25.4) 2.4 (1.0-33.6)

Data are presented as median (range).

TB, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, y-glutamyltransferase; ChE, cholinesterase; PT-INR, prothrombin time-interna-

tional normalized ratio.

Assessment of the BALF score

After developing the BALF score equation, the score at the time of each histolog-
ical examination was calculated. The BALF score and other non-invasive markers
were assessed in the same population that was used for development of the BALF
score equation. We also calculated and evaluated the BALF score results in
patients aged <1 year before and after bile drainage surgery.

Analysis of serial liver histology and the BALF score in each patient

Among the 91 patients involved in this study, 31 underwent histological examin-
ations at the time of their initial operation during the study period. Of these, 15
had repeated histological examinations when they were aged »2 years and these
patients were individually analyzed to obtain serial data. Among the other 16
patients, 4 underwent primary LDLT; 1 died suddenly at 11 months of age; 5
underwent LDLT before 2 years of age; 5 were <2 years of age at the time of this
analysis; and 1 patient, who had undergone hepaticoenterostomy for type 2 BA,
did not undergo a histological examination after reaching 2 years of age.

Statistical analysis

The categorical data are presented as frequencies (%), and the continuous data are
presented as medians (ranges). Correlations between the ordinal and/or continu-
ous data were assessed by Spearman’s correlation coefficient (). For logistic

Table 2. Ordered logistic regression analyses for liver fibrosis grades, FO-F4.

regression analyses, the p value of each independent variable was determined
by the Wald chi-square value (Wald), which was calculated by squaring the ratio
of the regression coefficient divided by its standard error. The diagnostic powers
of the BALF score and the other fibrosis markers were assessed by area under the
receiver operating characteristic curve (AUROC) analyses; an AUROC of 1.0 indi-
cates a test of perfect diagnostic power, and that of 0.5 indicates a test without
diagnostic power. The cut-off values were determined by maximizing the sum
of the sensitivity and specificity on Youden's index { 121. p values <0.05 were con-
sidered statistically significant. Statistical analyses were performed using SPSS
20.0 software (IBM SPSS, Chicago, IL, USA).

Results
Development of the BALF score by ordered logistic regression analysis

Baseline data corresponding to the 180 histology examinations
for the development of the BALF score, stratified by histological
fibrosis grade, are summarized in Table 1; the results of the
ordered logistic regression analyses are shown in Table 2. In
the univariate analyses, natural logarithms of the serum TB levels
provided the most significant coefficients (Wald =89.240,
p <0.001). In the multivariate analysis, natural logarithms of the

Variable Coefficient (95% CI) Standard error Wald p value

Univariate analysis
Loge [TB (mg/dl)] 1.854 (1.470-2.239) 0.196 89.240 <0.001
Loge [AST (IU/L)] 1.926 (1.493-2.358) 0.221 76.107 <0.001
Loge [ALT (IU/L)] 1.218 (0.886-1.550) 0.169 51.737 <0.001
Log, [GGT (1U/L)] 0.858 (0.617-1.100) 0.123 48.448 <0.001
Log, [albumin (g/d!)] -8.017 (-10.139--5.896) 1.082 54.871 <0.001
Loge [ChE (1U/L)] -3.218 (-3.948--2.487) 0.373 74.527 <0.001
Log, [PT-INR] 2.627 (0.342-4.913) 1.166 5.078 0.02
Log, [platelet count (x 109/L)] -0.299 (-0.799-0.202) 0.255 1.370 0.24
Log, [age (years)] -0.438 (-0.742--0.134) 0.155 7.994 ~ 0.005

Multivariate analysis - B
Log, [TB (mg/dl)] 1.438 (0.974-1.903) 0.237 36.861 <0.001
Loge [GGT (IU/L)] 0.434 (0.159-0.710) 0.140 9.557 0.002
Log, [albumin (g/dl)] -3.491 (-5.805--1.177) 1.181 8.745 0.003
Log, [age (years)] -0.670 (-1.031--0.308) 0.184 13.196 <0.001

TB, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, y-glutamyltransferase; ChE, cholinesterase; PT-INR, prothrombin time-interna-

tional normalized ratio.

1244

Journal of Hepatology 2014 vol. 60 | 1242-1248

— 182 —




JOURNAL OF HEPATOLOGY

Table 3. Diagnostic accuracy of the biliary atresia liver fibrosis (BALF) score in predicting histological fibrosis grade.

AUROC 95% Cl Cut-off Sensitivity Specificity Accuracy
2F1 0.91* 0.86-0.96 1.96 77.6% 100% 79.4%
2F2 0.86* 0.81-0.92 2.42 86.6% 73.5% 81.7%
2F3 0.91* 0.87-0.95 4.12 83.8% 81.3% 82.2%
=F4 0.94* 0.90-0.99 5.64 94.1% 93.2% 93.3%
*p <0.001.
AUROC, area under the receiver operating characteristic curve.
serum TB, GGT, and albumin levels, and age at examination were . BALF score *PELD score
selected as significant independent variables. Based on the multi- 104" 0.77 20{r=0.68 ° ©
variate analysis, the BALF score equation was developed: 8 ° 10 - ° :
BALF score = 7.196 + 1.438 x Log, [TB (mg/dl)] + 0.434 6 . o ° o
x Log, [GGT (IU/L)] — 3.491 x Log, [albumin (g/dl)] 4 2 %
—0.670 x Log, [age (years)] ol o o -10 7 é % .
o
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Diagnostic accuracy of the BALF score FO F1 F2 F3 F4 FO F1 F2 F3 F4
n=15 53 44 34 34 n=15 53 44 34 34
Table 3 shows the AUROC, cut-off value, and diagnostic accuracy APRI Hyaluronic acid (ng/ml)
of the BALF score for each fibrosis grade. The BALF score had good 2041 = 060" 100047 = oy59* o
diagnostic power for predicting each fibrosis grade (AUR- ' © : °©
0OCs = 0.86-0.94, p <0.001), and the cut-off values were calculated 154 ° 800+
as 1.96 for a fibrosis grade >F1, 2.42 for >F2, 4.12 for >F3, and 600-
5.64 for F4; the score provided good diagnostic accuracy in diag- 10+ S 4004
nosing each fibrosis grade (79.4-93.3%). 5 z
g o 200+ o é
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Fig. 2 shows the boxplots for the BALF score, PELD score, APR],
and levels of serum hyaluronic acid, type IV collagen 7S domain, Type IV collagen 7S domain (ng/ml) PHINP (U/ml)
and PIIINP vs. the histological fibrosis grade. Of these, the BALF r=0.63" o 10r=0.24" .
score was most strongly correlated with the histological fibrosis 307 © 8-
grade (r=0.77, p <0.001). The BALF score was equally distributed 8 6
from FO to F4. The diagnostic powers of the BALF score and the 207 °
other markers for diagnosing fibrosis grades >F2 and F4, 10- 8 41 ° 3
assessed by AUROC analyses, are shown in Fig. 3. For diagnosing = % L < T 24 é é 8 z %
fibrosis grades >F2, the BALF score had the highest diagnostic 0 ° 04 =
power {(AUROC =0.86, p <0.001), followed by the PELD score T | L S A R N P
and the APRI (AUROC=0.80, p<0.001), but the direct serum FOF1 P2 P FOFtOF2 R34
n=11 47 36 30 25 n=10 48 36 31 25

markers showed relatively low or no significant diagnostic
power. The PELD score, hyaluronic acid levels, and type IV colla-
gen 7S domain levels, as well as the BALF score, showed excellent
diagnostic powers for diagnosing an F4 fibrosis grade (AUROC
>0.90, p <0.001).

Changes in the BALF score before and after bile drainage surgery

The BALF scores for patients aged <1 year, before and after initial
surgery (n=31 and n =29, respectively), compared to patients
aged 1-2 years, after surgery (n =28), are shown in Fig. 4. The
BALF scores were apparently high before surgery, regardless of
the fibrosis grades. Even after bile drainage surgery, patients aged
<1 year showed high score values. The BALF scores in the patients
aged 1-2 years were comparable with those for all patients aged
>1 year.

Fig. 2. Comparisons of the biliary atresia liver fibrosis (BALF) score, the
pediatric end-stage liver disease (PELD) score, and several non-invasive
fibrosis markers. Boxplots show the median values with the interquartile ranges,
and error bars indicate the smallest and the largest values within 1.5 box-lengths
of the upper and the lower quartiles. Outliers represent the individual points by
circles. Correlations between the scores/markers and the histological fibrosis
grades were evaluated by Spearman’s correlation coefficient (r); *p <0.001,
**p=0.009. APRI, aspartate aminotransferase to platelet ratio index; PIINP,
procollagen type Il amino-terminal peptide.

Serial liver histology and BALF score in each patient

The status of the initial operations and the most recent histolog-
ical examinations for 15 patients are shown in Table 4, Cases 1-7
showed some liver fibrosis relief with BALF scores being equiva-
lent to FO-1; these 7 patients achieved good physical growth and
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Fig. 3. The diagnostic powers of the biliary atresia liver fibrosis (BALF) score,
pediatric end-stage liver disease (PELD) score, and non-invasive markers for
liver fibrosis. The diagnostic power of each score/marker was assessed by
calculating the area under the receiver operating characteristic curve (AUROC);
solid lines, for diagnosing >F2; dashed lines, for diagnosing F4; gray lines,
reference lines; circles, cut-off points (with cut-off values); *p <0.001. APRI,
aspartate aminotransferase to platelet ratio index; PIINP, procollagen type IlI
amino-terminal peptide.

social activity. Cases 8-12 showed the same grade of fibrosis in
the initial and latest histological examinations; 3 of them had
shown initial transient relief of liver fibrosis followed by worsen-
ing fibrosis, associated with repetitive cholangitis (Cases 10 and
11) or hepatopulmonary syndrome (Case 12). Cases 13-15
showed worsening liver fibrosis and relatively high BALF scores.
Only Case 12 underwent LT during the study period; Cases 13-
15 seemed likely to require LT in the near future due the presence
of severe portal hypertension.

Discussion

Although hepatoportoenterostomy can achieve complete jaun-
dice resolution in up to 60% of children with BA, liver fibrosis -
a prominent feature of BA - may continue to progress {1,4,5].
Although LT in children with failed bile drainage surgery is

<1 year of age
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Fig. 4. Changes in the BALF score, before and after bile drainage surgery.
Boxplots show the median values with the interquartile ranges, and error bars
indicate the smallest and the largest values within 1.5 box-lengths of the upper
and the lower quartiles. Outliers represent the individual points by circles.

certain, the timing of LT after successful bile drainage is debat-
able [13]. In Japan, grafts for LT rely almost entirely on living
donors, especially from the parents of affected children [6]. Due
to the increasing parental age and the required graft volume
against the physical growth of the recipients, LDLT may not be
possible, in some cases. Moreover, one large Japanese study indi-
cated poor outcomes of adult-to-adult LDLT for postoperative BA
patients, and the authors encouraged proactive consideration of
LDLT at the earliest possible stage [ 14]. At our institution, hepato-
portoenterostomy and LT for BA patients have been performed by
the same team since the introduction of LDLT in 1995. To assess
the native liver status more precisely, we introduced liver biop-
sies as the gold standard method for assessing liver fibrosis, with
endoscopic screening of postsurgical BA patients. At first, liver
fibrosis was supposed to progress in most BA patients, suggesting
the future need for LT; only stable disease was believed to pro-
vide the patients and their parents with some relief. Thereafter,
we noticed that certain patients demonstrated fibrosis improve-
ment. Concerns about biopsy sampling errors were alleviated
by serial liver histology, thus providing more substantial relief.
The BALF regression equation suggests that long-term native
liver fibrosis in BA is influenced by the patient’s bile drainage sta-
tus, represented by the levels of serum TB and GGT. Some
patients, especially older children or adults, develop decreasing
liver synthetic capacity despite relatively small elevations in
serum TB levels (data not shown). Thus, serum albumin levels
represent a significant negative coefficient in the multivariate
ordered logistic regression analysis. Additionally, the age at
examination also showed a significant negative coefficient, sug-
gesting that liver fibrosis could be improved over time, even in
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Table 4. The status of 15 patients individually examined by serial liver histology.

JOURNAL OF HEPATOLOGY

Case Disease type - Initial operation ) Recent histological examination
No. Age (days) Procedure Fibrosis grédé - Age (yéa'fs')'  Fibrosis grade  BALF score
1 Type 1 17 Hepaticoenterostomy F2 2.5 FO 1.26
2 Type 1 24 Hepaticoenterostomy F3 12.5 F1 1.17
3 Type 1 31 Portoenterostomy F2 6.4 F1 1.50
4 Type 1 55 Portoenterostomy F2 11.0 FO 1.26
5 Type 3 78 Portoenterostomy F3 3.3 F1 212
6 Type 3 74 Portoenterostomy F3 18.3 F1 0.84
7 Type 3 74 Portoenterostomy F2 18.8 FO 1.19
8 Type 3 47 Portoenterostomy F2 71 F2 244
9 Type 3 47 Portoenterostomy F1 14.8 F1 2.34
10 Type 3 105 Portoenterostomy F2 7.8 F2 220
11 Type 3 51 Portoenterostomy F3 8.1 F3 3.24
12 Type 3 105 Portoenterostomy F3 9.3 F3 4.84
13 Type 3 56 Portoenterostomy F1 9.3 F2 3.94
14 Type 3 56 Portoenterostomy F1 71 F3 4.68
15 Type 3 57 Portoenterostomy F2 3.5 F3 6.26

BALF, biliary atresia liver fibrosis.

BA patients. Recently, liver fibrosis has been indicated to be
reversible in a number of liver diseases, but data for BA are lim-
ited [4]. A few serial liver histology reports from the 1960s to
1980s documented fibrosis relief in some cases [15-18]. Thereaf-
ter, only a few studies have involved postsurgical liver histology
[19,20]; however, serial data have not been presented. In a sub-
population of the current study, 7 of the 15 patients who
achieved long-term native liver survival revealed some liver
fibrosis relief during the study period.

The BALF score is the first non-invasive fibrosis marker devel-
oped for postsurgical BA patients based on liver histology find-
ings, including the findings of percutaneous needle biopsy
examinations obtained from patients with good postoperative
courses. However, the PELD score was developed based on poor
outcomes, such as patient death or movement to an intensive
care unit, in children awaiting LT [7,21]. Although the BALF and
PELD scores share the same independent variables (natural loga-
rithms of serum TB and albumin levels), the BALF score results
were more spread out than the PELD score results in the low
fibrosis grade groups (FO-F3); moreover, the PELD score results
were more spread out among the patients with cirrhosis (F4)
than were the BALF score results (Fig. 1). Thus, the BALF score
appears to be suitable for all patients (FO-4), but the PELD score
seems best suited for severely affected patients, such as those
with cirrhosis (F4), reflecting the methods used for the develop-
ment of each score. The APRI consists of only two variables, is
much simpler to calculate, and has been investigated in relation
to prognosis [22], portal venous pressure [23], and fibrosis grade
[24] at the time of Kasai hepatoportoenterostomy. Moreover, the
APRI was used as a surrogate fibrosis marker in a prospective
study examining steroid therapy in BA patients [25].

Although the current study contains one of the largest series
of native liver histologies reported for BA patients, several
limitations remain. First, the current study used liver histology
findings, obtained from liver biopsies or explanted liver examin-
ations, as reference parameters. Since biopsies are limited by
sampling errors [26] and observer variability {27}, the histologi-
cal results are subject to omissions and false-positive results. In
addition, segmental bile drainage, often observed in postsurgical
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BA patients [28] or small biopsy samples, may have resulted in an
increased level of sampling error [26]. Second, this study had a
relatively small sample size and a heterogeneous study popula-
tion. Not all of the patients were evaluated by serial liver
histology, after surgery, and the number of examinations in the
same patient also differed; we analyzed the data from the same
patient as independent data. We could not provide a validation
group for the newly developed BALF scoring system because of
the small and heterogeneous study population.

In the present study, we developed a potential fibrosis marker
for postsurgical BA patients that is non-invasive, practical, and
easily accessible. Because of a lack of validation, the BALF score
should be further investigated with regard to its relationship with
several parameters, such as long-term outcomes, postsurgical
complications, and liver fibrosis. However, we believe that the
BALF score will be a useful surrogate fibrosis marker in a future
interventional trial.
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Shear wave elasticity imaging using inverse filtering
and multiple-point shear wave generation
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Abstract— Estimating shear wave speed enables quantifying
tissue elasticity imaging using time-of-flight, but measurement of
time-of-flight is based on an assumption about the propagating
direction of a shear wave that is highly affected by reflection and
refraction and thus might cause an artifact. An alternative shear
elasticity estimation approach based on shear wavelength was
proposed and applied to passive configurations. We propose a
new method for shear wave elasticity imaging that combines the
shear wavelength approach and “active” acoustic pushing
configuration, i.e., the multiple shear wave sources induced by
acoustic radiation force (ARF). The feasibility of the proposed
method was verified using an elasticity phantom with a hard
inclusion.

Keywords—tissue elasticity imaging, shear wave, inverse filter,
acoustic radiation force

I. INTRODUCTION

Tissue elasticity is measured in the diagnosis of tissue
diseases such as cancer and liver fibrosis since it is related to
the pathological condition. For example, in a mammary grand,
higher grade malignancies yield harder tumors [1]. Shear wave
speed is directly linked to the tissue elasticity. Radiation from a
focused ultrasound beam has been used to produce shear waves,
and the time-of-flight is measured to determine the shear wave
speed [2]. However, the method is based on an assumed
propagating direction of a shear wave that is highly affected by
reflection and refraction and thus might cause an artifact.

An alternative shear elasticity estimation approach based on
shear wavelength [3] was proposed and applied to passive
configurations. This method is not based on an assumed
propagating direction and so is expected to improve the
estimation accuracy. However, it requires longer acquisition
time than the conventional method.

To acquire elasticity of tissue faster and more accurately,
we propose a new method for shear wave elasticity imaging
that combines the shear wavelength approach and an “active”
acoustic pushing configuration, i.e., the multiple shear wave
sources induced by acoustic radiation force (ARF). An inverse
filter can be achieved more efficiently using ARF sources than
using passive configurations because the shear wave generation
can be controlled and the shear waves induced by the acoustic

Kengo Kondo, Makoto Yamakawa

Center for the Promotion of Interdisciplinary Education
and Research
Kyoto University
Kyoto, Japan

radiation force impulses are good approximations of the
impulse responses of shear wave excitation. An inverse filter
can focus a point in a reverberant field. Thus, the proposed
method is not based on the assumption of the propagating
direction, and improved estimation accuracy can be expected.
This study demonstrates the feasibility of the proposed method
with phantom experiments.

II. METOHODS OF ELASTICITY IMAGING

A. Overall Flow

Shear waves generated at widely separated pushing points
are recorded by an ultrafast imaging method. Assuming that
ARFs are impulses at each push point, shear waves measured

-at an arbitrary point are approximated as impulse responses.

An inverse filter [4] can be applied to virtually focus a shear
wave on an arbitrary point. Measuring the full width at half
maximum (FWHM) of the focal point is equivalent to the half-
wavelength of the shear wave, and the shear-elasticity is
obtained through the shear wave speed. A shear-elasticity
image can be obtained by scanning the focal point.

B. Inverse Filter

In the Fourier domain, receiving column vector R(w) is
referred to in the product of the propagation matrix H(w) and
the emission column vector E(w).

R(a)) = H(co) . E(a)), M

Here, w is the given frequency. H(w) has all the information of
the propagation effects in the medium.

The inverse filter approach consists of choosing an
objective vector R (o) for the receiving vector. Only point j

of R” (@) is 1, the others are 0. R (@) is given by
R} (0)=H(0)-E] (o) @

Rj,F (co) and H(w) are given. To find Ef’" (co), multiply the

inverse matrix H'(w) from the left of H(w). However, this
process magnifies errors. Thus, before inversion, a singular
value decomposition of H(w) is performed. The matrix
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inversion is only applied to the main singular vectors of the
singular value decomposition of H(w). This can prevent the
inversion of noise components. The ideal emission E;F (co) is

then derived by

H'(0) R} (0)=H"(0) H(w) E () ®)
i (),

where H™(w) is the noise-filtered inverse matrix.

The optimal focusing \Vj(w) will be derived by
v, (0)=H(o)- H () R (o). “)

An inverse filter was then applied to focus shear waves on a
central point in a simulation (Fig. 1(a)).

C. Method of Measuring Young's modulus

Young’s modulus is the three times of the square of shear
speed. The shear wave speed can be measured by calculating
the product of the shear wavelength and the frequency. The
half-wavelength of the shear wave can be obtained by
measuring the FWHM of the focal point (Fig. 1(b)) [5].

II1. EXPRTIMENTAL CONDISION

An elasticity phantom with 10 mm diameter hard
inclusions (OST, Japan) was prepared. The characteristics
given by the manufacturer are 40, 60, 80, and 100 kPa for the
inclusions and 10 kPa for the background (BG). Fig. 2(a)
presents a schematic view of the experiment conditions. This
study used inclusions of 60 and 80 kPa. The pushing domain
(axial 37.5mm, lateral 38.4mm) is marked with broken lines.
Fig. 2(b) depicts pushing points. The B-modes of 60 kPa (Fig.
2(c)) and 80 kPa (Fig. 2(d)) indicate the border of hard
inclusions and BG.
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Fig. 1 (a) 2D map and (b) lateral profile of focused shear wave in a simulation.
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Fig. 2 (a) Schematic view of experimental condition. (b) Pushing points.
B-mode of the elasticity phantom with (c) 60 kPa inclusion (d) 80 kPa
inclusion.

A Verasonics ultrasound system with a 128-channel linear-
array transducer was used to implement the proposed method.
The center frequency is 5 MHz, and the frame rate is 5 kHz.
Multiple (24) pushing points were sparsely generated with
intervals of 6 mm (axial) and 9 mm (lateral). ARF was applied
for 78 ps, and 32 times averaging was performed. The
ultrasonic diagnosis recording time was 24 ms per push point.
Frequencies of 200-300 Hz were used for making elasticity
maps.

IV. ELASTICITY IMAGING

The proposed method was validated by phantom
experiments. To compare the conventional method, Aixplorer
(Supersonicimagine Inc.) was used. Fig. 3(a) shows the
estimated elasticity image of nearby the hard inclusion
obtained from the proposed method. Fig. 3(b) shows the
profile along the dotted line in Fig. 3(a). Fig. 4(a) shows the
estimated elasticity image of nearby the hard inclusion
obtained from the conventional method. Fig. 4(b) shows the
profile along the dotted line in Fig. 4(a). Fig. 5(a) and 6(a)
show several elastic maps, and Fig. 5(b) and 6(b) show several
lateral profile (inclusion 80 kPa), we could get results that is
same as results of 60 kPa.
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Fig. 5 (a) Estimated elasticity image and (b) lateral profile of the proposed
method (80 kPa inclusion).

Both the proposed and the conventional methods could
visualize the inclusion. The estimated value from the proposed
method and the given value agreed well. The elasticity had a
peak in the profile of the proposed method. Around the border,
the FWHM exceeded the inclusion diameter, possibly causing
an error. The feasibility of the proposed method was verified,
but we have to seek an alternative approach to measure the
shear wavelength.

V. CONCLUSIONS

We proposed a new method for estimating tissue elasticity
that combines the shear wavelength approach and multiple
shear wave sources induced by ARF. The feasibility of the
proposed method was verified using a phantom with an
inclusion having different elasticity than the background. The
estimated elasticity image clearly revealed the hard inclusion.

The influence of reflection and refraction must be
confirmed by the comparison between the proposed and
conventional methods in greater detail.
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Fig. 6 (a) Estimated elasticity image and (b) lateral profile of the time-of-flight-
based method (inclusion: 80 kPa).
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Abstract Liver cirrhosis, a late stage of hepatic fibrosis,
is an increasing cause of morbidity and mortality world-
wide. Hepatic fibrosis is mainly caused by alcoholic or
non-alcoholic steatohepatitis, chronic viral hepatitis, or
autoimmune and biliary diseases. Myofibroblasts, which
are absent from the normal liver, are differentiated from
heterogeneous cell populations in response to a liver injury
of any etiology and produce the extracellular matrix.
Hepatic stellate cells are considered the main source of
myofibroblasts. However, the origin of hepatic myofibro-
blasts remains unresolved, and despite considerable
research, only a limited success has been achieved by
existing anti-fibrotic therapies. The question remains
whether these limitations are caused by lack of attention to
the critical targets, the myofibroblasts derived from cells of
other mesenchymal origins. Therefore, identifying the
origin of myofibroblasts may provide insight into the
mechanisms underlying liver fibrosis, and may lead to the
development of more effective therapies. This review will
examine our current strategies for detecting hepatic myo-
fibroblasts of different origins.
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Introduction

Liver cirrhosis (LLC) is a major, life-threatening health
problem worldwide. LC results from liver injuries of
numerous different etiologies, causing hepatocyte damage,
hepatic inflammation, and fibrogenesis [1]. LC can lead to
the development of hepatocellular carcinoma [2]. LC is
histologically characterized by increased deposition in and
altered composition of the extracellular matrix (ECM) and
the appearance of regenerative nodules. The destruction of
the normal architecture of the liver and the loss of its
functional hepatocytes prevent the liver from performing
its normal detoxification, synthesis, and metabolic func-
tions, eventually leading to portal hypertension and liver
failure. From a clinical standpoint, LC is regarded as an
end stage disease that leads to death, unless a liver trans-
plant is performed [3]. However, several problems are
associated with liver transplantation, such as a shortage of
donors, post-transplant rejection, operative risk, and high
costs.

Recently, it has become increasingly clear that hepatic
fibrosis is reversible if its causative agents are successfully
targeted; this has proved to be the most effective treatment
for LC thus far [4]. However, the underlying causative
agents are treatable only in subsets of patients with liver
disease. Although there has been considerable research on
liver fibrosis, there are no specific treatments for this
condition. An ideal anti-fibrosis therapy would be specific
for fibrogenic cells in the liver and be effective in attenu-
ating excessive ECM deposition.
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