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of low-grade inflammation and a low serum AST level may indi-
cate the end stage of cirrhotic NASH. Accordingly, the risk factors
for the development of HCC in patients with NASH are the fea-
tures of end-stage NASH and older age.

We compared the clinical features of 34 NASH-related HCC
(NASH-HCC) patients and 56 age-, sex-, and treatment-matched
patients with hepatitis C virus infection-related HCC (HCV-
HCC).*? As expected, there was a significantly higher prevalence
of obesity, diabetes, and dyslipidemia in the NASH-HCC group.
Serum transaminases were significantly higher in the HCV-HCC
group, while the serum gamma-glutamyl transferase level was
significantly higher in the patients with NASH-HCC. The 5-year
survival rate was 55.2%, and the 5-year recurrence rate after cura-
tive treatment was 69.8% in patients with NASH-HCC. The
survival and recurrence rates were similar in the two groups. HCC
in NASH may also be of multicentric origin, similar to the case of
HCC associated with viral hepatitis.

According to previous studies, 10-75% of all NASH-related
HCCs occur in patients with non-cirrhotic NASH.” The high
incidence of HCC arising from non-cirrhotic NASH may be partly
due to the fact that the diagnosis of NASH is based on histology,
and liver tissue can only be obtained by liver biopsy or surgery in
patients with preserved liver function. Moreover, end-stage cir-
rhotic NASH cannot be diagnosed with any confidence because of
its “burned out” histology. These points may introduce significant
bias. Further studies are required to clarify the true incidence of
HCC arising from non-cirrhotic NASH.

How is NAFLD/NASH diagnosed?

The diagnosis of NAFLD is based on the presence of the following
three criteria: non-alcoholic, detection of steatosis either by
imaging or by histology, and appropriate exclusion of other liver
diseases.'”* NASH is diagnosed based on the presence of steato-
hepatitis on liver biopsy. Given the lack of surrogate markers yet
for the diagnosis of NAFLD, it is important to exclude other liver
diseases such as alcoholic liver diseases, viral hepatitis, autoim-
mune liver diseases, and metabolic or hereditary liver diseases.
However, the prevalence of NAFLD is extremely high, NAFLD is
often complicated by other liver diseases such as viral hepatitis,
etc., and NAFLD exacerbates liver damage and reduces the
response to treatments. Epidemiological studies have shown that
alcoholic liver disease can occur when the daily alcohol consump-
tion exceeds 20 g in women and 30 g in men. Then, NAFLD is
diagnosed when the alcohol consumption is lower than the afore-
mentioned in the respective sexes. Serum transaminases are not
helpful for the diagnosis of steatosis because 50-80% of patients
with hepatic steatosis have normal transaminase levels. In stage 3
fibrosis, fibrosis markers such as hyaluronic acid, etc., are
elevated, and in the cirrhotic stage, reduction of the platelet count
and evidence of liver dysfunction such as elevation of the serum
bilirubin and ammonia, etc., are noted.

Imaging modalities. Abdominal US is currently the most
common method employed for qualitative assessment of hepatic
steatosis because it is non-invasive, widely available, cheap, and
provides useful information. Presence of hepatic steatosis on
abdominal US is usually defined based on the presence of at least
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Figure 5 This is an image of ultrasonography. Hepatic steatosis leads
to increased hepatorenal contrast, liver brightness, deep attenuation,
and vascular blurring. Ultrasonography is an acceptable first-line screen-
ing procedure for detection of steatosis in clinical practice.

two of the following findings: increased hepatorenal contrast, liver
brightness, deep attenuation, and vascular blurring (Fig. 5).
However, the diagnosis by US has several limitations; it is subjec-
tive, operator-dependent, shows poor sensitivity for the detection
of mild steatosis, and is a poor tool for quantifying the steatosis.
Both computed tomography (CT) and magnetic resonance
imaging (MRI) seem to be more objective and more sensitive
techniques for the quantification of steatosis, but MRI is still less
widely available and much more expensive. For the diagnosis of
steatosis by CT, the liver-to-spleen attenuation ratio is measured,
and the diagnosis of steatosis is made when the ratio is less than
0.9. Of course, CT also has limitations with respect to the diagno-
sis of steatosis, including poor sensitivity for the detection of mild
steatosis, X-ray exposure of the patients, and unavailability for
patients with hemosiderosis. Unfortunately, none of these imaging
modalities is useful for the diagnosis of NASH.

Concerning interference with the detection of steatosis by
advanced fibrosis, the decrease in the detection sensitivity is
marked for both US and CT.>* The sensitivity of US and CT for
advanced fibrosis is also decreased markedly in patients with
severe steatosis and obese patients, being more marked for US. An
awareness of these disadvantages of the common imaging modali-
ties would be useful for a more precise diagnosis of hepatic
steatosis and fibrosis in patients with NAFLD.

Liver biopsy. The principal histological features of NASH
are as follows: presence of macrovesicular steatosis, ballooning
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Figure 6 This is a liver biopsy with Mallory staining for fibrosis. Mac-
rovesicular steatosis and prominent pericellular fibrosis around the
central vein are present {¥), while portal fibrosis is mild ({).

degeneration of the hepatocytes, and mixed lobular inflammation.
These characteristic pathological features with Mallory hyaline
and pericellular fibrosis are predominantly seen around the central
veins (zone 3) (Fig. 6). Atypical features have been reported in
pediatric cases and morbidly obese cases, such as more periportal
steatosis (zone 1), little or no ballooning or Mallory hyaline, and
more portal-based chronic inflammation and fibrosis.

Three important pathological classifications have been proposed
for NAFLD: Matteoni’s classification, Brunt’s classification, and
the NALFD activity score (NAS).>>7

In 1999, Matteoni et al.® described a classification system that
served to distinguish between NASH and non-NASH. They
divided 132 NAFLD patients into four categories: type 1, steatosis
alone; type 2, steatosis with lobular inflammation only; type 3,
steatosis with hepatocellular ballooning; and type 4, type 3 plus
either Mallory-Denk bodies or fibrosis. They confirmed the
benign clinical course of patients with type 1 or 2 NAFLD and the
progressive clinical course of patients who had either type 3 or 4
NAFLD. As a result of these differences, these authors defined
type 1 and type 2 histological forms of NAFLD as “non-NASH,”
and type 3 and type 4 as NASH. However, this classification did
not include an assessment of the severity or pattern of NASH, such
as the degree of steatosis, inflammation, location of these changes
(i.e. lobular or portal), or the degree of fibrosis.

In the same year as Matteoni’s classification system was pub-
lished, Brunt et al.’® proposed a semiquantitative grading and
staging system for NASH. This classification was applicable to
only NASH and not to the entire spectrum of NAFLD.

In 2005, the NASH Clinical Research Network Pathology Com-
mittee developed and validated a histological scoring system based
on Brunt’s classification, NAS, as a semiquantitative instrument
by which to judge treatment responses or disease progression in
clinical studies.”” The NAS system addresses the full spectrum of
NAFLD and is applicable to both adult and pediatric NAFLD
patients. The score is determined as the unweighted sum of the
scores for steatosis (0-3), lobular inflammation (0-3), and bal-
looning degeneration (0-2). A score of = 5 correlated with the
diagnosis of NASH made independently by an experienced
pathologist without using the score; likewise, scores of less than 3
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were correlated with “not NASH,” and scores of 3 or 4 were
regarded as borderline. In regard to fibrosis, stage 1 referred to
perisinusoidal fibrosis in zone 3 (perivenular area: delicate [1A]
and dense [1B]), and detection of portal fibrosis without perisinu-
soidal fibrosis was defined as 1C. Stage 2 was characterized by
perisinusoidal and portal/periportal fibrosis. Stage 3 was defined as
bridging fibrosis and stage 4 as cirrhosis. Although the authors
reminded us that the NAS system was never intended to be used
for the diagnosis of NASH, NAS has frequently been used as a
surrogate method for establishing the diagnosis of NASH. Then,
they assessed the relation between NASH diagnosed by NAS and
pathological diagnosis of steatohepatitis (in this case, NASH) and
found that the definitive diagnosis of NASH was not always cor-
related with threshold values of the NAS.*® They concluded that
clinical pathologists should be encouraged not to use NAS as a
categorical approach for the diagnosis of NASH.

Younossi et al.®® assessed the ability to predict the long-term
liver-related mortality based on the pathological characteristics.
The study cohort consisted of 209 patients with biopsy-proven
NAFLD who were followed up for at least 5 years. The results of
their multivariate analysis identified only fibrosis as an indepen-
dent predictor of liver-related mortality. According to the findings
of this study, assessment of the severity of hepatic fibrosis is
essential for determining the prognosis in patients with NASH.“°

Indication of liver biopsy. NASH has emerged as a dis-
tinct clinicopathological concept, and even now, biopsy evaluation
is considered the “gold standard” for a definitive diagnosis.
However, liver biopsy has several drawbacks; it is an expensive
and invasive procedure and is fraught with the possibility of sam-
pling error and variability in pathologist interpretation. Moreover,
given the extremely high prevalence of NAFLD, a liver biopsy
would be poorly suited as a diagnostic test for NASH. Accord-
ingly, at present, liver biopsy may only be considered in NAFLD
patients who are considered to be at an increased risk of develop-
ing NASH with advancing fibrosis or are suspected to have coex-
isting other chronic liver diseases.>® In general practice, NAFLD is
a convenient-to-use term for the diagnosis and management of
these patients, and serum biomarkers that indicate the severity of
fibrosis serve as clinically useful tools for the identification of
NAFLD in patients with bridging fibrosis or cirrhosis.

Non-invasive assessment of NASH and advanced
fibrosis in NAFLD. Recently, several biochemical markers
and imaging modalities have been reported for predicting NASH
and the severity of hepatic fibrosis.*"* An ideal biomarker should
be simple to measure, accurate, reproducible, inexpensive, and
readily available. In general, while most of the biomakers and
scoring systems show similar accuracy for the detection of
advanced fibrosis, their accuracy is weak for the diagnosis of mild
fibrosis. The NAFLD Fibrosis Score is a widely validated scoring
system for predicting the severity of fibrosis that is based on six
readily assessable clinical variables (age, BMI, hyperglycemia,
platelet count, albumin, AST/alanine aminotransferase ratio).*
Several imaging techniques have also been advocated as non-
invasive diagnostic tests for NASH. US-based transient elastogra-
phy or FibroScan has shown promising results for assessment of
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the severity of liver fibrosis and degree of steatosis. However, these
modalities are expensive and not widely available.

Pathogenesis of NASH

The development of NASH is thought to initiate from basal ste-
atosis as the first hit, followed by a “second hit” that is capable of
inducing necroinflammation; this hypothesis is the so-called “two-
hit theory.*** The second hit can include oxidative stress, espe-
cially that arising from mitochondrial stress, insulin resistance,
inflammatory cytokines, etc. Autophagy may also play an impor-
tant role in the pathogenesis of NASH. Recently, a new concept
to explain the pathogenesis of NASH was reported by Tilg
and Moschen, namely, the “multi-parallel hit” hypothesis.®® This
hypothesis, based on reports that endoplasmic reticulum stress and
cytokine-mediated stress can induce steatosis as well as necroin-
flammation, suggests that multiple hits act together in the devel-
opment of NASH. Steatosis should therefore be considered as a
part of the liver’s early “adaptive” response to stress rather than as
the first hit in disease progression.

I have summarized the characteristics and diagnosis of NAFLD/
NASH. There is still no clear consensus regarding the threshold
alcohol consumption for defining “non-alcoholic” liver disease. In
the future, a change in the nomenclature of NAFLD/NASH might
be needed because there are so many obese people who drink
much alcohol and show the histological features of steatohepatitis.
Liver biopsy currently remains the gold standard for the diagnosis
of NASH. In the future, improved understanding of the pathogen-
esis of NASH and new technologies may contribute to the diag-
nostic process and provide reliable non-invasive alternatives to
liver biopsy.
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Abstract

In Japan, there has been a gradual increase in cases of non-viral chronic liver diseases,
including non-alcoholic fatty liver disease (NAFLD), occurring with hepatocellular
carcinoma (HCC). First, a national survey investigating the etiology of HCC in Japan was
performed. Among HCCs based on non-viral disease, alcoholic liver disease with HCC
accounted for 7.2% of all HCCs, followed by chronic liver disease of unknown etiology
with HCC (5.1%) and NAFLD with HCC (2.0%). The clinical characteristics of these three
HCC groups were clearly different. In our second analysis, the HCC development rates
among liver cirrhosis with NAFLD, alcoholic cirrhosis, and cirrhosis with hepatitis C virus
(HCV) were compared. HCC development rates were 11.3%/5 years in NAFLD cirrhosis,
30.5%/5 years in HCV cirrhosis, and 12.5%/5 years in alcoholic cirrhosis, suggesting that
the hepatocarcinogenesis in NAFLD and alcoholic liver disease were similar but were
lower than that in HCV.

Using Cox hazards analysis, older age, higher serum y-glutamyl transpeptidase level, and
higher Child—Pugh score as risk factors of HCC were identified. Finally, clinical data of
NAFLD-HCC with the data for HCC with HCV (HCV-HCC) were compared. The per-
centage of NAFLD-HCC patients with des-gamma-carboxy prothrombin-positive was
higher than that with o-fetoprotein-positive. The 5-year survival and recurrence rates
for NAFLD-HCC were almost similar to those for HCV-HCC. In Asian countries, the
prevalence of NAFLD is increasing. Therefore, elucidating the pathogenesis and clinical

features of HCC in patients with NAFLD is indeed an urgent problem.

Introduction

Primary liver cancer is the fifth most common cancer worldwide
and the third most common cause of cancer mortality."* Hepato-
cellular carcinoma (HCC) accounts for about 90% of primary liver
cancers. With respect to the underlying liver disease, the latest
nationwide report of the Liver Cancer Study Group of Japan
showed that hepatitis C virus (HCV)-related liver disease is the
most common underlying cause of HCC.?> HCV-related HCC
accounts for 67% of all HCC cases, followed by 16% for hepatitis
B virus (HBV)-related HCC. The incidence of HCV-related HCC
has been gradually decreasing in recent years, while the incidence
of HCC associated with non-viral chronic liver disease has gradu-
ally been increasing.

In Pacific and Asian countries, the prevalence of non-alcoholic
fatty liver disease (NAFLD) in the general population is increasing
dramatically and ranges from 5% to 40%.*> NAFLD consists of
simple steatosis and non-alcoholic steatohepatitis (NASH), while
NASH comprises a wide spectrum of conditions from NASH
without fibrosis to cirrhosis. Obesity and diabetes mellitus have
been established as significant risk factors for HCC by epidemio-
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logical observations and experimental studies,*” and there is

increasing evidence that NASH is a risk factor for HCC.%® We
reported that HCC was a critical factor in the prognosis of NAFLD
cirrhosis.!® Therefore, there is an urgent need to elucidate patho-
genesis, clinical features, and treatments for these diseases,
especially NAFLD advanced stages and NAFLD-related HCC
(NAFLD-HCCQ).

In this review, we describe the survey of HCC in Japan that my
colleagues and I conducted, the rate at which HCC develops from
NAFLD, the risk factors for HCC in NAFLD, the clinical features
of NAFLD-HCC.

National survey of HCC

We performed a national survey investigating the etiology of HCC
in the Japanese population in 2010. The nationwide survey
included 14 530 HCC patients diagnosed during 2006-2009,"! of
whom 14.1% were positive for hepatitis B surface (HBs) antigen,
66.3% were positive for HCV-RNA, and 3.7% were positive for
both HBs antigen and HCV-RNA. Among those surveyed, 15.8%
of patients were diagnosed as having non-HBV, non-HCV HCC.
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Among HCCs based on non-viral disease, alcoholic liver disease
with HCC (ALD-HCC) accounted for 7.2% of all HCCs, followed
by chronic liver disease of unknown etiology with HCC (unknown
HCC) (5.1%) and NAFLD with HCC (2.0%) (Fig. 1). The char-
acteristics of these three groups were clearly different from one
another (median age was 72 years for NAFLD-HCC, 68 years for
ALD-HCC, and 73 years for unknown HCC, P <0.01; female
gender was 38%, 4%, and 37%, respectively, P < 0.01) (Table 1).
Body mass index (BMI) and the prevalence of diabetes, hyperten-
sion, and dyslipidemia were significantly higher in patients with
NAFLD-HCC than in those with ALD-HCC and unknown HCC.
Serum levels of total bilirubin, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and y-glutamyl transpeptidase
(GTP) were significantly higher in the ALD-HCC group compared
with the other groups, while the platelet count and serum albumin
level were lowest in the ALD-HCC group. The hemoglobin A;c
and fasting blood glucose levels were highest in the NAFLD-HCC
group. These data suggested that clinical characteristics of these
three HCC groups were clearly different from one another.
Regarding the etiology of HCC in Western countries, NAFLD-
HCC has been reported to account for 3.8-13% of all HCCs.'*!* In
comparison with Western countries, the prevalence of NAFLD-
HCC is lower in Japan. This is not only due to the low incidence
of NAFLD-HCC but also to the high incidence of hepatitis virus-
related HCC in Japan. However, the incidence of NAFLD-HCC in
Japan is expected to increase in the future because of the rising
prevalence of NAFLD associated with obesity and/or diabetes.
To determine whether modest alcohol intake could influence
carcinogenesis in patients with unknown HCC, we divided the
patients into a no alcohol subgroup (alcohol consumption < 20 g/
day) and a modest alcohol intake subgroup (alcohol consumption
of 20-70 g/day) (Table 2). Among the no alcohol subgroup, the
prevalence of women was markedly higher (P <0.001) at 58%

Table 1 Comparison among NAFLD-HCC, ALD-HCC, and unknown HCC

Hepatocarcinogenesis in fatty liver

HBV + HCV
3%

Alcoholic -HCC 7.2%
Etiology unknown-HCC 51%
NAFLD-HCC 2.0%
Autoimmune Liver diseases 1.2%
(PBC + AIH + PSC)*

Congestive disease 0.1%
Metabolic disease** 0.1%

Figure 1 National survey in Japan. (2006-2009). Among the 14 530
patients with hepatocellular carcinoma (HCC), 14.1% were positive for
hepatitis B surface (HBs) antigen, 66.3% were positive for hepatitis C
virus (HCV)-RNA, and 3.7% were positive for both HBs antigen and
HCV-RNA. Among the HCC patients with non-viral liver diseases, alco-
holic liver disease with HCC (ALD-HCC) (7.2%) was the most common
diagnosis, followed by unknown HCC (5.1%). Non-alcoholic fatty liver
disease (NAFLD)-HCC (2.0%) was the third most common etiology.
(B) HCV, (B) hepatitis B virus (HBV); (&) HBV + HCV; () alcoholic;
() NAFLD; (B) etiology unknown; () others. *AlH, autoimmune hepa-
titis; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis.
**Metabolic disease; Wilson disease, hemochromatosis, etc. Adapted
from Tokushige et al."!

NAFLD-HCC ALD-HCC Unknown-HCC P value

(n=292) (n=1991) (n=614)
Age at diagnosis 72 x84 68 = 9.1 73 =101 <0.001
Gender (female) 38% 4% 37% <0.001
BMikg/m?) 27.0+ 4.0 23.8 £ 3.7 235+ 4.1 <0.001
Diabetes 70% 49% 43% <0.001
Hypertension 60% 43% 46% <0.001
Dyslipidemia 35% 14% 15% <0.001
Liver cirrhosis 62% 78% 52% <0.001
Albumin {g/dL) 3.8+06 3.6+06 3.6 +0.6 <0.001
Total bilirubin (mg/dL) 0.9+1.3 1.1£19 09+17 <0.001
AST (IU/L) 40 + 36 80 + 301 43 =71 <0.001
ALT (IU/L) 35+ 35 45 = 176 30 £ 44 0.03
¥GTP (IU/L) 91 + 202 147 = 271 88 + 198 <0.001
FBS (mg/dl) 119 = 57 111 = 63 107 = 53 < 0.001
HbA:c (%) 6.3+ 1.4 5916 57+14 <0.001
Platelet count {x 104/mm?3) 14174 126 £ 8.0 15.2 = 9.1 <0.001
AFP (ng/mL) 12 = 427 557 11 = 368512 13.0 = 94 155 0.284

Adapted from Tokushige et al."!

v-GTP, gamma-glutamyl| transpeptidase; AFP, a-fetoprotein; ALD, alcoholic liver disease; ALT, alanine aminotransferase; AST, aspartate aminotrans-
ferase; BMI, body mass index; FBS, fasting blood sugar; HbAsc, hemoglobin Asc; HCC, hepatocellular carcinoma; NAFLD, non-alcoholic fatty

liver disease.
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Table 2 Comparison between the no alcohol and modest alcohol sub-
groups of unknown HCC

No alcohol Modest alcohol P value

intake intake

n=316 n=214
Age at diagnosis 755 + 10.2 72 £ 9.0 < 0.001
Gender (female) 58% 8% < 0.001
BMI (kg/m? 23.8 =45 235+ 34 0.396
Diabetes 41% 46% 0.214
Hypertension 45% 49% 0.424
Dyslipidemia 15% 15% 0.989
Liver cirrhosis 57% 42% 0.001
Albumin (g/dL) 3.6 0.7 3.8+06 0.030
Total bilirubin (mg/dL) 09=15 08 =12 0.266
AST (IlU/L) 44 * 63 39+73 0.081
ALT (IU/L) 29 £ 45 29 + 42 0.455
¥GTP (IU/L) 75+ 184 103.56 + 213 0.003
FBS (mg/dL) 106 % 51 110 + 66 0.050
HbA (%) 57+ 1.3 57+15 0.307
Platelet count (x 10%/mm® 14.6 == 9.0 16.8 = 8.7 0.001
AFP (ng/mL) 13.3 £ 77 396 10 = 31196 0.378

Adapted from Tokushige et al.™

¥+GTP, gamma-glutamy! transpeptidase; AFF, a-fetoprotein; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; BMI, body mass
index; FBS, fasting blood sugar; HbA¢, hemoglobin Asc; HCC, hepato-
cellular carcinoma.

versus only 8% in the modest alcohol subgroup. The mean age at
diagnosis of HCC was higher in the no alcohol subgroup than in
the modest alcohol intake subgroup (75.5 years vs 72 years,
P < 0.001). Between the two subgroups, the modest alcohol intake
subgroup showed different clinical features in terms of unknown
HCC and showed the same trends in regard to gender, BMI,
lifestyle-related diseases, and y-GTP levels as the ALD-HCC
group.

These data suggested that a relatively low alcohol intake may
lead to the development of non-viral HCC. The alcohol consump-
tion criteria for diagnosis of alcoholic liver disease vary around the
world,'*" and the alcohol consumption criterion for alcoholic liver
disease proposed by the Japanese Study Group of Alcoholic Liver
Disease is more than 70 g/day. Our data suggest that social or
modest intake of alcohol might have a more significant role in
hepatic carcinogenesis than is presently thought. In the future,
more detailed studies will need to be performed, including assess-
ment of alcohol metabolism genotypes.

HCC rate in patients with NAFLD

Kawamura et al. reported that rate of HCC was 0.51%/12 years
from all NAFLD, including simple steatosis.'® In NAFLD as a
whole, the development of HCC is rare. However, liver fibrosis is
the most important factor for development of HCC in any liver
disease. To make clear the hepatocarcinogenic power in NAFLD,
we compared the HCC development rates among liver cirrhosis
(LC) with NAFLD (NAFLD-LC), alcoholic cirrhosis (ALD-LC),
and cirrhosis infected with HCV (HCV-LC) in our hospital. HCC
development rates were 11.3%/5 years in NAFLD-LC, 30.5%/5
years in HCV-LC, and 12.5%/5 years in ALD-LC (Fig. 2).!%"
Sanyal et al. and Ascha et al. reported that the HCC development
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Figure 2 Hepatocellular carcinoma (HCC) rate in non-alcoholic fatty
liver disease (NAFLD) cirrhosis (NAFLD-LC), alcoholic liver disease-liver
cirrhosis {ALD-LC), and hepatitis C virus (HCV)-liver cirrhosis (HCV-LC).
The HCC rates in NAFLD-LC and ALD-LC were similar, and were
lower than that in HCV-LC. (mss) NAFLD; (= =) ALD; {++-) HCV. Adapted
from Yatsuiji et al. and Kodama et al.'%"’

Table 3 The comparison between NAFLD-HCC (n=41) and NAFLD
without HCC (n = 533} by multivariate logistic regression model

Odds ratio 95% ClI P value
Age (older) 1.103 1.050~1.159 < 0.001
Gender (male) 4.680 1.803~12.146 0.002
Liver fibrosis 2.718 1.745-4.233 < 0.001
Activity 0.361 0.163~0.802 0.012
ALT 0.974 0.955~0.993 0.007
+GTP 1.005 1.001~1.009 0.008

¥-GTP, gamma-glutamy! transpeptidase; ALT, alanine aminotransferase;
Cl, confidence interval, HCC, hepatocellular carcinoma; NAFLD, non-
alcoholic fatty liver disease.

rate in NAFLD cirrhosis was about 10-13% in 5 years and lower
than that of HCV-LC in the USA.'®!° These data almost match the
Japanese data. The rates of hepatocarcinogenesis in NAFLD and
alcoholic liver disease were almost identical but were lower than
that in chronic HCV liver disease.

Risk factors of NAFLD-HCC

To clarify the risk factors of HCC in NAFLD, we compared
clinical data between NAFLD-HCC and NAFLD without HCC
with a multivariate logistic regression model. Both NAFLD
patients with and without HCC were admitted to our hospital
between 1990 and 2011. NAFLD was diagnosed by liver biopsy.
Age, gender, BMI, diabetes, hypertension, dyslipidemia, blood
examinations (total bilirubin, albumin, AST, ALT, alkaline phos-
phatase [ALP], v—GTP, platelet, prothrombin time [PT]), and liver
histology findings (fibrosis grade, activity grade, and steatosis
grade) were analyzed as risk factors of HCC. In the results, older
age, male gender, advanced liver fibrosis, lower activity of liver
histology, lower ALT level, and higher y-GTP level were detected
as risk factors of HCC in the population with NAFLD-HCC
(Table 3). However, this analysis did not include the factor of
duration, and liver fibrosis is the most important factor for
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Table 4 Risk factors for HCC in the NAFLD-LC(n = 72) according to the
Cox hazards model

Hazard ratio 95% ClI P value
Age (older) 1.12 1.014-1.226 0.024
vGTP 1.01 1.002-1.022 0.023
Child~Pugh score 3.09 1.374-6.934 0.006

Adapted from Kodama et al."”

¥+GTP, gamma-glutamyl transpeptidase; Cl, confidence interval; HCC,
hepatocellular carcinoma; LC, liver cirrhosis; NAFLD, non-alcoholic fatty
liver disease.

development of HCC. In the next analysis, we investigated the
risk factors for HCC in 72 NAFLD-LC patients with a Cox
hazards model. All NAFLD-LC patients were admitted to our
hospital between 1990 and 2011. NAFLD-LC was diagnosed by
liver biopsy. The patients with NAFLDH-LC were assessed with
regard to the development of HCC, and their risk factors for
HCC were analyzed. Age, gender, BMI, ascites, varices, encepha-
lopathy, diabetes, hypertension, dyslipidemia, blood examinations
(total bilirubin, albumin, AST, ALT, ALP, hypertension, y-GTP,
platelet, PT), and Child—Pugh score were analyzed as risk factors
of HCC. Older age, higher serum y-GTP level, and higher Child—
Pugh score were identified as risk factors in NAFLD-LC (Table 4),
and older age and Child-Pugh were confirmed by log-rank test."?
Kawamura et al. reported the risk factors for HCC in all NAFLD
patients as being old age, AST > 40 IU/mL, advanced fibrosis, and
diabetes mellitus.!® Ascha eral. reported that NASH patients
with cirrhosis had a greatly increased risk of liver cancer, and even
social alcohol consumption appeared to be the most significant
factor associated with the risk of HCC.!® Considering all of these
findings, we conclude that older age, male gender, advanced
fibrosis, y-GTP level, which was the marker of oxidative stress,
diabetes mellitus, and mild alcohol intake might be important
factors in the pathogenesis of HCC in NAFLD.

Clinical features of NAFLD-HCC

Finally, we compared the clinical data of NAFLD-HCC with the
data for HCC caused by HCV infection (HCV-HCC) in our hos-
pital. The percentage of NAFLD-HCC patients with des-gamma-
carboxy prothrombin-positive results was higher than that of
patients with o-fetoprotein-positive results.® Yasui et al. also
showed the same profile of tumor markers in NASH-HCC.*' In our
hospital, the S-year survival rate in the treated NAFLD-HCC
group was 55.2%, and the cumulative HCC recurrence rate at
5 years was 69.8% as opposed to a 5-year survival rate of 50.6%
and recurrence rate of 83.1% in the HCV-HCC group.? The 5-year
survival and recurrence rates for NAFLD-HCC were almost
similar to those for HCV-HCC.

Zen et al. reported a case of HCC arising in a patient diagnosed
with NASH at 62 years old. At 66 years old, her first hepatic tumor
appeared. The pathological diagnosis of the first nodule was
“pseudolymphoma.” When she was 72 years old, three hepatic
tumors appeared and were diagnosed as moderately differentiated
HCC. At age 73, two more tumors appeared and were diagnosed as
well-differentiated HCC and a dyplastic nodule.”® These results
suggested a multicentric occurrence of HCC in NASH, similar to
HCC based on viral hepatitis.
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‘We had measured anti-hepatitis B core (HBc) antibody to inves-
tigate the influence of HBV on the carcinogenesis of NAFLD-
HCC. The difference between the NAFLD-HCC group and HCV-
HCC group was not significant, and none of the NAFLD-HCC
patients had high HBc antibody titers that would have led to the
suspicion that they were HBV carriers. These findings therefore
suggested that even if HBV did influence carcinogenesis in
NAFLD, the influence would be minimal.

We reported that HCC was a critical factor in the prognosis of
NAFLD.!"® Regular screening for HCC is extremely important,
especially in NAFLD patients with advanced fibrosis, and the
strong possibility of recurrence also warrants close attention.

In conclusion, in Asian countries, the prevalence of NAFLD is
increasing dramatically. Elucidating the pathogenesis, clinical fea-
tures, and treatment of HCC in NAFLD is an urgent problem.
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Abstract

Background The aim of this study was to identify factors
related to the recurrence of non-B or non-C (NBNC)
hepatocellular carcinoma (HCC).

Study design Between April 2000 and March 2012, out of
621 consecutive HCC patients at our institution, 543 who
underwent initial hepatectomy and had no extrahepatic
metastases were enrolled in the study. Multivariate analysis
were performed to identify risk factors for poor disease-
free survival (DFS).

Results The 5-year DFS rate of NBNC (34 %) was better
than that of hepatitis virus B (30 %, P = 0.011) and hep-
atitis virus C (21 %, P < 0.0001), significantly. Multivar-
iate analysis revealed NBNC [hazard ratio (HR), 0.5; 95 %
CI, 0.4-0.8; P < 0.0001)] to be an independent factor for
DFS rate. We constructed a propensity score matching
model with the 543 patients, and the 5-year DFS rates with
and without severe alcohol liver disease (ALD) were 31.6
and 47.5 %, respectively (P = 0.013). In the 163 NBNC
patients, severe ALD, mild ALD, and no ALD were seen in
35, 56, and 72 patients, respectively. Multivariate analysis
revealed a vascular invasion into the hepatic vein (HR, 3.3;
95 % CI, 1.7-6.3; P < 0.0001) and severe ALD (HR, 2.0;
95 % CI, 1.1-3.6; P = 0.020) to be independent risk fac-
tors for poor DFS. By propensity score matching between
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mild and severe ALD, the 5-year DFS rates with severe and
mild ALD were 26 and 50 %, respectively (P = 0.035).
Conclusions The prognoses of NBNC patients were bet-
ter than those of patients with viral infections. Among the
NBNC patients, preoperative excessive alcohol intake
decreased DFS rate of HCC occurrence after surgery.

Keywords Hepatitis B virus - Hepatitis C virus -
Non-B non-C - Hepatocellular carcinoma -
Recurrence - Hepatectomy

Abbreviations
AFP Alpha-fetoprotein
DCP Des-gamma-carboxy prothrombin

DFS Disease-free survival
HBV Hepatitis B virus

HCC Hepatocellular carcinoma
HCV Hepatitis C virus

NBNC Non-B non-C

HR Hazard ratio

OS Overall survival
Introduction

Primary liver cancer involving hepatocellular carcinoma
(HCC) is the fifth most common and fatal cancer world-
wide. HCC has been the most rapidly increasing cancer-
related cause of death in developed countries including
Japan, Australia, Canada, the United States, and throughout
Europe over the last two decades. The number of non-B
non-C (NBNC) HCC patients has increased rapidly [1].
Chronic viral hepatitis and liver cirrhosis following
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hepatitis B virus (HBV) and hepatitis C virus (HCV)
infection are responsible for most HCCs. The oncogenic
mechanism and clinicopathological characteristics of
HCCs critically depend on the type of hepatitis virus
involved [2, 3]. Patients with HBV-related HCCs may have
a better liver function reserve than those with HCV-related
tumors. The etiology is unclear in the other 15-50 % of
new HCC cases. In Japan, 10 % of patients diagnosed with
HCC have NBNC HCC.

Most patients with NBNC HCC have alcoholic liver
disease or nonalcoholic fatty liver disease (NAFLD)
including nonalcoholic steatohepatitis (NASH). Recent
studies have indicated that both NASH and excessive
alcohol intake increase the risk of developing HCC [4].
The prevalence of NAFLD and NASH is reported to be 20
Y%and 1 %, respectively, among adults in Japan [5, 6], and
longitudinal outcome studies have reported that the prev-
alence of HCC in patients with NAFLD and NASH is
0-0.5 and 0-2.8 %, respectively, over a period of up to
19.5 years [7-10]. In Europe, alcohol-induced cirrhosis
accounts for one-third to one-half of all HCC cases [11-
13]. HCC is found in 10.1 % of patients with cirrhosis
caused by alcohol alone, and its prevalence is almost
identical to that of HCV infection [14]. The risk of
developing HCC increases when daily alcohol consump-
tion exceeds 80 g/day, whereas the adjusted odds ratio is
not increased significantly for patients who consume
alcohol at less than 80 g/day [15]. However, some reports
indicate that patients with NBNC HCC present with more
advanced tumors with poor differentiation, invasion, and
vascular involvement and a higher incidence of intrahe-
patic metastases than patients with HCCs associated only
with viral infection [16-18].

In this study, we aimed to elucidate the clinicopatho-
logical features of patients with NBNC HCC who had
undergone hepatectomy, and the factors, including preop-
erative alcoholism, that are associated with recurrence. For
a fair comparison, key factors that were responsible for
DFS were adjusted for by using propensity score-matched
analysis. Moreover, we examined whether alcoholism
promotes the recurrence of HCC after hepatectomy and
whether preoperative alcohol consumption is the best pre-
dictor of DFS in patients with NBNC HCC.

Patients and methods

Between April 2000 and March 2012, a total of 621
patients received initial treatment for HCC at the Depart-
ment of Hepatobiliary Pancreatic Surgery, Tokyo Medical
and Dental University. Of these patients, 545 patients
underwent initial hepatectomy for HCC and were not found
to have extrahepatic metastases. The 543 patients,

excluding two (one with autoimmune hepatitis and one
with primary biliary cirrhosis), were enrolled in the unad-
justed study. The baseline characteristics of the patients are
shown in Table | (The data of four HBV + HCV patients
are not shown). We classified NBNC patients into severe
ALD group (alcohol consumption = 80 g/day), no ALD
(alcohol consumption < 20 g/day), and mild ALD group
(20 g/day = alcohol consumption < 80 g/day). Alcoholic
history was available in 463 patients. Occult HBV infection
is defined by the absence of serologically detectable HBs
antigen despite the presence of HBc antibody in serum
[19, 20].

The decision to perform hepatic resection with ana-
tomical resection is generally determined by the Child-
Pugh A/B score and the indocyanine green retention rate at
15 min (ICG-R15) according to the Makuuchi criteria.
Non-anatomic resection includes partial resection. In the
anatomic resections performed in our study, the liver was
divided along the demarcation line after occlusion of the
portal vein and hepatic artery. When necessary, the main
feeding artery was identified by intravenous injection of
sonazoid [21]. We divided the liver parenchyma using an
ultrasonic dissector and other energy devices. Prior to
resection, all tumors were examined by intraoperative
ultrasonography and preoperative computed tomography
(CT). Intraoperative ultrasonography with contrast
enhancement was used, if necessary [22]. The size of the
tumors and length of the surgical margin were measured
before fixation of the specimens. The extent of macrovas-
cular invasion was determined using preoperative CT, as
microvascular invasion could not be determined before
hepatectomy. Microvascular invasion was evaluated on the
basis of histological findings if macrovascular invasion was
not noted. Background liver cirrhosis and surgical margins
were assessed by microscopic examination of the speci-
mens. After discharge, all the patients were examined for
recurrence by ultrasonography every 3 months and by
dynamic CT every 6 months. The median follow-up period
after surgery was 2.9 years (range 0-11.2 years). DFS was
defined as the interval between the operation and the date
on which recurrence was diagnosed or the end of the
observation period if no recurrence was noted. The general
rules for the clinical and pathological study of primary liver
cancer by liver cancer study group of Japan (5th edition,
revised version) simply classify the liver histology into
normal liver, chronic hepatitis, and liver cirrhosis. The rule
describes the classification of the hepatic fibrosis in detail,
as follows: no fibrosis (f0), increased fibrosis of portal area
(f1), bridging fibrosis (f2), bridging fibrosis with distorted
hepatic lobules (f3), and liver cirrhosis (f4). The patients’
medical records were reviewed systematically for relevant
clinical data (gender, age, viral infection, alcohol use, and
liver function), tumor factors (primary tumor size and
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Table 1 Baseline characteristics of patients with non-B non-C hepatocellular carcinoma

HBV (N = 96) HCV (N = 275) NBNC (N = 168) P
Age (years) 593 £ 114 684 + 7.6 68.5 £ 11.2 <0.0001*
Gender
Male 74 (77 %) 200 (73 %) 141 (84 %) 0.025%
Alcoholism (+) 21 (25 %) 66 (26 %) 100 (60 %) <0.0001*
Severe ALD (+) 9 (12 %) 18 (8 %) 35 (24 %) <0.0001*
Liver function
ICG-R15 (%) 15.1 + 11.7 193+ 114 152 £9.5 <0.0001*
AST (TU/L) 48.7 £ 45.8 60.3 + 41.7 42.6 £+ 27.0 <0.0001*
Platelet (10*/mL) 16.2 £ 8.1 13.5 £ 6.7 19.5 £ 11.0 <0.0001*
Prothrombin time (%) 84.5 + 18.2 859 + 153 86.1 + 16.6 0.853
Albumin (g/dL) 40+ 05 3.8+ 0.6 40+ 04 <0.0001%*
Total bilirubin (mg/dL) 1.0+ 1.0 0.8 +04 09+ 05 0.443
Child Pugh score 49+ 1.6 52+ 13 4.8 + 1.7 0.092
Tumor factors
Tumor size (cm) 54 + 44 40+ 25 5.8 +4.1 <0.0001*
Tumor number 1.5+ 1.1 1.6 +£1.0 154+ 12 0.98
Alpha-fetoprotein (ng/mL) 12854 £ 66264 3497 + 27261 2477 +£ 14500 0.179
DCP (AU/L) 6267 + 31637 3351 4 17435 11644 £ 44165 0.101
Anatomic resection (+) 68 (71 %) 162 (59 %) 123 (73 %) 0.017*
Pathological findings
Micro-vascular invasion
vp (+) 49 (51 %) 101 (37 %) 69 (41 %) 0.102
v () 12 (13 %) 33 (12 %) 22 (15 %) 0.829
b (+) 5(5 %) 13 (5 %) 15 (9 %) 0.188
Chronic hepatitis (+) 35 (36 %) 112 (41 %) 65 (40 %) 0.793
Liver cirrhosis (+) 50 (52 %) 153 (56 %) 55 (34 %) <0.0001*
Surgical margin (+) 19 (20 %) 53 (19 %) 23 (14 %) 0.270

Values are shown as the mean + SD

ALD alcoholic disease, DCP des—gamma-cﬁrboxy prothrombin, HBV hepatitis B virus, HCV hepatitis C virus, NBNC non-HBV non-HCV

* P < 0.05 considered statistically significant

tumor markers), operative procedure, and pathological
findings. We determined alcoholism as some mental and/or
physical status related to alcohol dependence [23]. Follow-
up data were updated yearly or at shorter intervals, and the
last follow-up examination was performed in March 2012.

Statistical analysis were performed using SPSS version
21.0 (IBM Inc., Chicago, IL, USA), unless otherwise sta-
ted. Analysis of variance and the %> test were used for
continuous and categorical data, respectively. The odds
ratio for recurrence for each factor was examined by uni-
variate analysis using the Cox proportional hazards model.
Variables found to be statistically significant on this basis
were entered into multivariate analysis. DFS was analyzed
using the Kaplan—Meier method and the log-rank test. A
P value of <0.05 was considered statistically significant; all
tests were two-sided.

Because hepatectomy was not performed on the basis of
random assignment in the present study, confounding

@ Springer

factors could hamper the observations obtained from
unadjusted factors. To reduce the potential bias, a pro-
pensity score [24] was calculated to assess the conditional
probability of treatment according to the individual’s
covariates and to balance treatment choice-related vari-
ables such that the analysis simulated random assignment
[25].

The propensity score was estimated using a logistic
regression model in which outcome was the binary vari-
able, severe ALD group versus mild ALD group (0, mild
ALD groups; 1, severe ALD group), and the explanatory
variables were the independent factors obtained from the
multivariate analysis for DFS, such as pathological chronic
hepatitis, preoperative serum albumin level, and tumor
vascular invasion into the hepatic vein in the analysis of 91
NBNC patients. The propensity score was estimated
between the categorizing of severe ALD group versus no-
severe ALD group (0, no-severe ALD groups; 1, severe
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ALD group) in the analysis of 543 patients. Without
replacement, one-to-one pair matching by estimated pro-
pensity score generated 15 matched pairs of mild versus
severe ALD (Table 4) and 55 matched pairs of patients
with and without severe ALD (Supplementary Table 2).
All matching processes were performed by the aforemen-
tioned SPSS version 21.0. The degree of covariate imbal-
ance in the unmatched and matched samples was measured
using the standardized (mean and proportion) difference
proposed by Austin et al [26]. It has been suggested that a
standardized difference of greater than 20 % represents
meaningful imbalance in a given variable between treat-
ment groups [27].

Results

The baseline characteristics of the patients are summarized
in Table 1. Liver function of the NBNC patients was, on
average, better than that of HCV-infected patients, as
judged by the ICG-R15, aspartate aminotransferase level,
platelet count, and albumin level (P < 0.0001); while the
prothrombin time, total bilirubin level, and Child-Pugh
scores were comparable. Liver cirrhosis was significantly
less frequent in NBNC patients (34 %) than in HCV-
(56 %) and HBV- (52 %) infected patients (P < 0.0001).
The mean tumor size was larger in the NBNC patients than
in the HCV-infected patients, whereas the other indices of
tumor malignancy, such as microvascular invasion, serum
alpha-fetoprotein (AFP) level, and des-gamma-carboxy
prothrombin (DCP) level, did not vary significantly.
Alcoholism and severe ALD were more evident in NBNC
patients than in the other two groups (P < 0.0001). The
groups did not differ significantly with respect to the
pathological surgical margin, although it was noteworthy
that non-anatomic resection was frequently selected for
HCV-infected patients. As shown in Fig. 1, the DFS rate of
NBNC patients was longer than that of HBV and HCV
patients. The 5-year DFS rates were 30, 21, and 34 % in the
HBV, HCV, and NBNC groups, respectively. The NBNC
patients experienced recurrence less frequently than did
patients infected with HBV (P =0.011) and HCV
(P < 0.0001; Fig. 1). We excluded the cases of autoim-
mune hepatitis and primary biliary cirrhosis from NBNC
group.

In univariate analysis of 543 patients, NBNC was an
important determinant for good prognosis (HR, 0.6; 95 %
CI, 0.4-0.8, P < 0.0001), as shown in Supplemental
Table 1. The other determinants were liver functional
reserve factors (ICG-R15, serum AST, prothrombin time,
and serum albumin), tumor factors (size, number, serum
tumor marker, vascular invasion), noncancerous liver
histology (chronic liver hepatitis and liver cirrhosis), and
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Fig. 1 Disease-free survival of patients with non-B non-C (NBNC)
hepatocellular carcinoma. Open squares, triangles, and circles denote
the disease-free survival (DFS) of patients with HBV, HCV, and
NBNC, respectively. The DFS of the non-B non-C (NBNC) group
was better than that of the HBV group (P = 0.011) and HCV group
(P < 0.0001)

surgical factors (anatomic resection, surgical margin).
Multivariate analysis revealed that NBNC (HR, 0.5; 95 %
CI, 0.4-0.8, P < 0.0001), ICG-R15, serum AST, tumor
number, vascular invasion, anatomic resection and path-
ological chronic hepatitis. Taking into account factors
related to prognosis, we compared the DFS rate of
patients in the presence and absence of the severe ALD,
adjusting for the risk factors using propensity score
matching. The area under the ROC curves (C value) was
0.892 £ 0.016 SE for predicting severe ALD considering
alcoholism. As shown in Supplemental Table 2, all fac-
tors related to recurrence were adjusted significantly
considering the propensity score constructed with the
aforementioned factors. There was no significant differ-
ence between the two groups with respect to propensity
score after the adjustment (P = 1.000), though there was
a significant difference before the propensity adjusting
(P < 0.0001). Younger age, male gender, alcoholism, and
higher albumin level observed in the severe ALD group
before the matching were completely adjusted after the
matching. The DFS rates with and without the severe
ALD groups were compared (Supplemental Fig. 1). The
1-, 3-, and 5-year DFS rates were 70, 32, and 32 % in the
severe ALD group and 76, 68, and 48 % in the no-severe
ALD group, respectively. There was a remarkable dif-
ference between the two groups with respect to DFS rates
(log-rank; P = 0.013). These results suggest that severe
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ALD also increases the risk of HCC recurrence amongst
all patients with NBNC HCC.

These findings led us to determine which factor decides
the DFS rate of NBNC patients. A total of 35 out of 168
NBNC patients were classified as having severe ALD
(Table 2). The alcoholic history was available in 163
NBNC patients. Of these 168 patients, 17 patients tested
positive for serum HBc antibody (4). Severe ALD was
associated with being male (P = 0.005), alcoholism
(P < 0.0001), small tumor size (P = 0.040) and liver cir-
rhosis (f4) (P = 0.011). There was no difference in all
fibrosis grades except for liver cirrhosis grade (f4) among
the three groups. As shown, there was no difference in
fibrosis grade (f0-3) among the three groups. There was no

significant difference among the groups with respect to any
of the other factors. The mean follow-up period after sur-
gery was 2.7 years. As shown in Fig. 2, the 5-year DFS
rates were 25.2 and 51.2 % in the severe and mild ALD,
respectively (P = 0.013). However, the result may be
biased by additional determinants of DFS, for example,
liver cirrhosis. Liver cirrhosis (f4) was the most evident in
the severe ALD group among the three groups, though the
liver function was not different and tumor size was the
largest in the no-ALD group.

Table 3 summarizes the results of univariate analysis of
DEFS in 163 NBNC patients (excluding five patients whose
alcohol histories were not available), which show that a
decreased serum albumin level (P = 0.033), tumor number

Table 2 Background
characteristics of 168 NBNC

Non-B non-C hepatocellular carcinoma

patients v&./ith alcohol Severe ALD Mild ALD No ALD P
consumption (n = 35) (n = 56) (n =172
Mean + SD Mean + SD Mean + SD
Age (years) 653 + 8.6 69.2 + 9.7 694 + 132 0.166
Gender
Male 33/94 % 51/91 % 53/74 % 0.005*
AST (IU/L) 45.8 +32.0 40.6 £+ 26.9 42.8 £ 245 0.677
Platelet (10%/pL) 174 £ 7.5 19.1 £ 9.6 20.7 £ 13.0 0.337
Alcoholism (+) 28/90 % 42175 % 517 % <0.0001*
HBc antibody (+) 2/6 % 2/4 % 13/22 % 0.017*
Liver function
ICG-R15 (%) 147 £ 8.3 159 +£ 9.5 15.1 £ 10.3 0.810
Prothrombin time (%) 87.6 £ 12.5 84.7 £ 203 86.1 £ 154 0.919
Albumin (g/dL) 42 +03 40+ 04 40+ 05 0.107
Total bilirubin (mg/dL) 09+ 04 09 +£06 09 +0.5 0.767
Child-Pugh score 44+ 18 48 £ 1.6 50+ 1.6 0.175
Tumor factors
Tumor size (cm) 49 + 3.1 52+38 6.7+ 45 0.040*
Number 1.5+ 0.7 1.6 £ 1.7 14+£1.0 0.611
Alpha-fetoprotein (ng/ 2357 + 8358 435 + 1758 3923 4+ 21024 0.420
mL)
DCP (AU/L) 2970 + 8721 8142 3 34595 14434 + 44929 0.296
Anatomic resection (+) 27177 % 35/63 % 58/81 % 0.062
Pathological findings
Surgical margin (+) 3/9 % 9/16 % 11/15 % 0.394
No fibrosis (f0) (+) 5/14 % 19/35 % 23/33 % 0.128
Portal fibrosis (f1) (+) 720 % 5/9 % 10/14 % 0.354
Values are shown as the Bridging fibrosis (f2) (+) 1/3 % 8/15 % 12/17 % 0.110
mean %+ SD. The alcohol Distorted lobules (f3) (+) 3/9 % 47 % 710 % 0.867
lgiizgswas not available in five ;o0 hosis (F4) (1) 19/54 % 18/33 % 17/25 % 0.011*
b biliary invasion, DCP des- Chronic hepatitis (+) 11731 % 19/35 % 34/49 % 0.133
eamma-carboxy prothrombin, Micro-vascular invasion
pv portal venous invasion, vp (+) 11/31 % 23/41 % 34/47 % 0.297
vv hepatic venous invasion W (4) 3/9 % 14 % 12/19 % 0410
* P < 0.05 considered b (+) 5/14 % 417 % 6/8 % 0.489
significant
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Fig. 2 Disease-free survival of non-B non-C patients in severe and
mild alcohol liver disease (ALD) groups before adjustment with
propensity scores. Open and closed circles denote the mild and severe
ALD patients, respectively. The difference between the two groups
was remarkable (P = 0.013)

(P = 0.034), an elevated serum AFP level (P = 0.004),
vascular invasion into the hepatic vein (£ = 0.001), and
severe ALD (P = 0.02) were possible risk factors. Occult
HBV infection was more frequently found in no-ALD
patients, although this did not reach statistical significance
(P = 0.223). Multivariate analysis revealed that vascular
invasion into the hepatic vein (HR, 3.3; 95 % CI, 1.7-6.3;
P < 0.0001) and severe ALD (HR, 2.0; 95 % CI, 1.1-3.6;
P = 0.020) were also risk factors for DFS.

To make a fair comparison, taking into account alcohol
consumption as a factor related to prognosis, we adjusted
for the risk factors using propensity score matching. As
shown in Table 4, all factors related to recurrence were
adjusted significantly. There was no significant difference
between the two groups with respect to propensity score
(P = 1.000). For the risk factors examined, we found that
standard difference, an index for the imbalance between
sample groups, significantly improved from beyond 20 %
before adjustment with propensity score matching to within
20 % after adjustment (data not shown). The standardized
difference of propensity score before matching (70.9 %)
was significantly adjusted after matching (0 %). After
adjusting the score, the DFS rates of the severe and mild
ALD groups were compared (Fig. 3). The 1-, 3-, and 5-year
DFS rates were 84, 64, and 50 % in the mild ALD group
and 69, 42, and 26 % in the severe ALD group, respec-
tively. There was a remarkable difference between the two
groups with respect to DFS rates (log-rank; P = 0.035).

These results suggest that severe ALD also increases the
risk of HCC recurrence amongst NBNC patients.

Discussion

The present study suggests that preoperative severe ALD
increases the risk of HCC recurrence after hepatectomy in
HCC patients involving NBNC-derived HCC (Fig. 3,
Supplemental Fig. 1) and the DFS rate in patients with
NBNC-related HCC was superior to that in patients with
HCV- or HBV-related HCC (Fig. I, Supplemental
Table 1). Propensity score matching allowed a fair com-
parison of the severe ALD and the other groups, as shown
in Table 4 and Supplemental Table 2.

In NBNC patients, all of the factors tested for an asso-
ciation with HCC recurrence by multivariate analysis were
also adjusted (Table 4). Propensity score in the severe and
mild ALD groups were comparable after the matching
(P = 1.000), though the propensity score value in the
severe ALD group was significantly higher than that in the
mild ALD group before the matching (P = 0.002). Before
adjusting for the confounding factors by the matching, we
found that being male, alcoholism, relatively small tumor
size, and liver cirrhosis were all significantly more com-
mon in the severe ALD group (Table 2). As shown in
Fig. 2, the 5-year DFS rates in the severe and mild ALD
groups were 25 and 51 %, respectively (P = 0.013). After
adjusting for the prognostic indices (Fig. 3), the difference
in the DFS rate between patients who did and did not show
severe ALD was not changed (26 vs. 50 %, P = 0.035). In
NBNC patients, using propensity score matching, we came
to this conclusion because the C-value to estimate how the
score would predict the severe ALD patients was 67 %
(95 % CI, 56-78.3 %; P = 0.007) (data not shown).

In 543 patients (including HBV, HCV, and NBNC
patients), all of the factors tested for an association with
HCC recurrence by multivariate analysis were also adjus-
ted (Supplemental Table 2). Propensity scores in the pre-
sence and absence of severe ALD were comparable after
the matching (P = 1.000), though the propensity score in
the severe ALD group was significantly higher before the
matching (P < 0.0001). The C-value of the score estimat-
ing the severe ALD patients was 89 % (95 % CI, 86-92 %;
P < 0.0001). Before adjusting for the confounding factors
by the matching, we found that being a younger male,
alcoholism, and higher serum albumin were all signifi-
cantly more common in the severe ALD group (Supple-
mental Table 2). All factors were adjusted by the
propensity score matching. After the adjusting for the
prognostic indices (Supplemental Fig. 1), the DFS rates of
patients who did and did not show severe ALD were 32 and
48 %, respectively (P = 0.013). These results suggest that
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Table 3 Univariate and
multivariate analysis for the

Univariate analysis

Multivariate analysis

disease-free survival of 168 HR 95.0 % CT P HR 95.0 % CI P
non-B non-C patients
Gender
Female 0.5 0.2-1.1) 0.100
Age (years)
>71 0.8 (0.5-1.3) 0.327
Severe ALD (+) 1.8 (1.1-3.1) 0.021* 2.0 (1.1-3.6) 0.020*
Alcoholism (+) 1.1 (0.6-1.7) 0.809
HBCcAD (+) 1.8 0.7-4.4) 0.223
Liver functional factor
ICG-R15 (%)
>13 1.2 (0.7-2.0) 0.433
AST (IU/L)
>34 1.3 (0.8-2.1) 0.317
Platelet (10*/uL)
>17.8 14 (0.9-2.3) 0.164
Prothrombin time (%)
>86.1 0.8 (0.5-1.4) 0.484
Albumin (g/dL)
>4.1 0.6 (0.3-1.0) 0.033%* 0.6 0.4-1.1) 0.109
Total bilirubin
>0.8 1.2 (0.7-1.9) 0.546
Child-Pugh score
>6 1.8 (1.0-3.3) 0.057
Tumor factor
Tumor size (cm)
>5 1.2 (0.7-2.0) 0.543
Multiple (+) 1.8 (1.0-3.0) 0.034* 14 (0.8-2.5) 0.218
AFP (ng/mL)
>8 2.1 (1.3-3.6) 0.004* 1.6 (0.9-2.7) 0.121
DCP (AU/L)
>75 1.6 (1.0-2.6) 0.074
Anatomic resection (+) 0.8 (0.5-1.4) 0.472
Pathological findings
The alcohol history was not Micro-vascular invasion
available in five patients o () 13 0.8-2.2) 0.235
AFP alpha-fetoprotein, b biliary w () 29 (16-5.4) 0.001* 33 (1.7-6.3) <0.0001%
invasion, DCP des-gamma-
carboxy prothrombin, vp portal b (+) 1.7 (0.8-3.8) 0.182
venous invasion, vv hepatic Surgical margin (+) 1.7 (0.9-3.2) 0.124
venous invasion Chronic hepatitis (+) 0.6 (0.3-1.1) 0.088
* P <005 considered Liver cirrhosis (+) 13 0.7-2.3) 0479

significant

severe ALD was a determinant of DFS in those HCC
patients.

The present study involved 72 no-ALD patients out of
543 HCC patients (13.3 %), and 21 % of the NBNC
patients were diagnosed as having severe ALD (Table 2).
The prevalence of NAFLD is reported to be 20 % in Japan
with or without HCC [5, 6]. HCCs are found in 10.1 % of
patients with alcohol-induced cirrhosis, whereas HCCs

@ Springer

were identified in 14~19 % of patients without cirrhosis in
Western countries [28-30]. In a Japanese nationwide study
with 54,003 HCC patients, 9,307 patients were classified as
having NBNC HCC (17.3 %) and 35 % of them were
diagnosed with severe alcoholic disease (more than 86 g/
day) [31]. The ratios are higher than the present study.
Multivariate analysis in the present study revealed that the
severe ALD and tumor invasion into the hepatic vein that
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Table 4 Baseline characteristics after the adjustment by propensity score matching in severe and mild ALD patients

Pre-propensity Score Matching (N = 91)

Post-propensity Score Matching (N = 30)

Severe ALD Mild ALD Severe ALD Mild ALD
Mean £ SD Mean =+ SD P Mean =+ SD Mean + SD P

Propensity score 045 4 0.16 0.34 + 0.15 0.002* 0.43 £ 0.15 0.43 £ 0.15 1.000
Age (years) 65.3 £ 8.6 69.2 £ 9.7 0.053 66.1 4 9.0 66.0 £ 10.4 0.958
Male (+) 33/94 % 51191 % 0.703 28/93 % 26/87 % 0.671
Alcoholism () 32191 % 42175 % 0.058 27190 % 21170 % 0.104
ICG-R15 (%) 14.7 £ 8.3 159 9.5 0515 14.6 £ 7.4 13.7 £ 8.7 0.681
AST (IU/L) 45.8 + 32.0 40.6 = 26.9 0.412 46.2 4 33.9 41.1 £ 299 0.541
Platelet (10%/ul.) 174 £7.5 183 £ 9.7 0.651 173 £ 59 19.4 £ 9.6 0.312
PT (%) 87.6 £ 12.5 84.7 £ 20.3 0.464 88.1 & 134 85.9 £ 19.6 0.614
Albumin (g/dL) 42403 4.0 £ 04 0.014* 4.1 403 4.1 4+ 04 0.649
T-Bil (mg/dL) 09+ 04 0.9 + 0.6 0.574 0.8 04 0.9 404 0.767
Child Pugh score 4.4 4+ 1.8 4.8 £ 1.6 0.231 444 1.8 4.6+ 19 0.780
Tumor size (cm) 49+ 3.1 52438 0.757 5.0+ 3.1 5.1+ 4.4 0.876
Tumor number 1.5 4+ 0.7 1.6 £ 1.7 0.690 1.5 4+ 0.7 15420 0.865
AFP (ng/mL) 2357 + 8358 435 4= 1758 0.105 2733 4 9018 589 4 2341 0.228
DCP (AU/L) 2970 £ 8721 8142 -k 34594 0.396 3420 £ 9388 11084 + 46756 0.391
Anatomic resection (+) 27177 % 35/63 % 0.171 23/77 % 21770 % 0.771
Pathological findings

vp (+) 11731 % 23/50 % 0.382 8127 % 14/47 % 0.180

vV (+) 319 % 7/14 % 0.733 311 % 217 % 1.000

b (+) 5/14 % 47 % 0.298 ST % 217 % 0.424
Surgical margin (+) 9/9 % 916 % 0.359 3/10 % 5117 % 0.706
Chronic hepatitis (+) 11731 % 19/35 % 0.820 9130 % 10/36 % 0.781
Liver cirrhosis (+) 19/54 % 18/33 % 0.078 17/57 % 9/32 % 0.071

Values are shown as the mean %= SD

AFP alpha-fetoprotein, b biliary invasion, DCP des-gamma-carboxy prothrombin, PT prothrombin time, 7-Bil total bilirubin, vp portal venous

invasion, vv hepatic venous invasion
* P < 0.05 considered significant

were typicall sufficient in predicting the prognosis of
conventional HCC patients with viral infections were also
the independent risk factors in NBNC patients. Alcoholism
was not found to be a risk factor for the recurrence of HCC
in NBNC patients (Table 3). The 5-year DFS rates were 30,
21, and 25 % in the HBV, HCV, and severe ALD groups of
the NBNC patients, respectively (Figs. I, 2), though the
5-year DFS rate was 51 % in the mild ALD group of
NBNC patients. The malignant potential of the severe ALD
group of NBNC patients may be comparable to that of
HBYV and HCV patients. Chronic alcohol use in the absence
of viral infection significantly increased the risk of HCC by
1.6- to 4-fold when alcohol intake was defined only as
drinking, without reference to the amount or frequency of
alcohol consumption [32, 33]. The odds ratio increases 5-
to 7-fold, especially in patients with an alcohol intake of
more than 80 g/day for more than 10 years [34].

The mechanism of carcinogenesis is unknown and may
be unique in NBNC patients. In the present study, liver

cirrhosis was not found to be an independent determinant
for HCC recurrence in multivariate analysis (Table 3),
though it was more frequent in the severe ALD group
(Table 2). The patients in this study were not exposed to
the other chemical agents, such as aflatoxins and exoge-
nous steroids that may cause HCC in NBNC patients. The
development of HCC may not always depend on liver
inflammation and fibrosis [35, 36]. Occult HBV infection
was not associated with the poor prognosis of NBNC
patients (Table 3). DFS after hepatectomy in patients with
occult HBV infection was comparable with that in patients
without occult HBV infection. The 5-year DFES rate in
patients with occult HBV infection was 42 % (data not
shown). Whether occult HBV infection is involved in
NBNC-derived HCC 1is still controversial [37, 38]. The
present study is consistent with the previous report. Liver
functional factors did not determine the DFS rate in NBNC
patients (Table 3), though the ICG-R15 and serum AST
level determined the DFS rate of 543 patients
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Fig. 3 Disease-free survival rates of non-B non-C patients in severe
and mild alcohol liver disease (ALD) groups after adjustment with
propensity scores. Open and closed circles denote the mild and severe
ALD groups, respectively. The difference between the two groups
was remarkable (P = 0.035)

(Supplemental Table 1). The liver function of NBNC
patients was significantly better than that of HCV patients
(Table 1). Good liver function at the initial hepatectomy
may prevent early recurrence in patients with NBNC HCC
without abusive alcohol consumption [2]. Such patients
may have better liver function without the chronic active
inflammation seen in HBV- or HCV-infected patients
[39, 40].

Limitations of the present study include that the data of
genome-wide gene expression and the data of urinary
constituents were not available to elucidate the mecha-
nisms of carcinogenesis in NBNC livers in the presence or
absence of severe ALD. Multicentric occurrence of HCC is
also associated with reduced levels of sirtuin 3, a protein
that regulates hepatocellular orotic acid concentration and
inhibits hepatic carcinogenesis [41, 42]. Genome-wide
gene expression analysis of liver samples indicated that the
multicentric occurrence of HCC was associated with
decreased SLC22A7 expression, leading to a reduction in
the transportation of orotic acid [41]. Adult male alcoholics
are found to have elevated urinary orotic acid levels that
decline with time following abstinence [43]. An experi-
mental study provided evidence that alcoholism and vari-
ous other diseases alter hepatocellular excretion of orotic
acids, which can promote liver carcinogenesis after partial
hepatectomy [44]. Further research is needed to fully elu-
cidate the mechanisms that underlie liver carcinogenesis.

@ Springer

In conclusion, HCC was found to recur less frequently in
the cases of NBNC HCC than in the cases of HCC with
viral infection. Moreover, preoperative severe ALD was
strongly associated with HCC recurrence after hepatec-
tomy in NBNC patients.
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Visualization of Stem Cell Features in Human

Hepatocellular Carcinoma Reveals InVivo

Significance of Tumor-Host Interaction
and Clinical Course

Shunsuke Muramatsu,® Shinji Tanaka," Kaoru Mogushi,” Rama Adikrisna, Arihiro Aihara,’ Daisuke Ban,"
Takanori Ochiai,' Takumi Irie," Atsushi Kudo,' Noriaki Nakamura," Koh Nakayama,® Hiroshi Tanaka,

Shoji Yamaoka,* and Shigeki Arii"

Hepatocellular carcinoma (HCC) is one of the most aggressive malignancies because of
recurrence and/or metastasis even after curative resection. Emerging evidence suggests that
tumor metastasis and recurrence might be driven by a small subpopulation of stemness cells,
so-called cancer stem cells (CSCs). Previous investigations have revealed that glioma and
breast CSCs exhibit intrinsically low proteasome activity and that breast CSCs also report-
edly contain a lower reactive oxygen species (ROS) level than corresponding nontumorigenic
cells. Here we visualized two stem cell features, low proteasome activity and low intracellular
ROS, in HCC cells using two-color fluorescence activated cell sorting to isolate cells with
stem cell features. These cells were then analyzed for their division behavior in nermoxia
and hypoxia, expression of stem cell markers, tumorigenicity, metastatic potential, specific
gene expression signatures, and their clinical implications. A visualized small subpopulation
of HCC cells demonstrated asymmetric divisions. Their remarkable tumorigenicity in non-
obese diabetic/severe combined immunodeficient mice suggested the cancer initiation poten-
tial of these HCC CSCs. Comprehensive gene expression analysis revealed that chemokine-
related genes were up-regulated in the CSCs subpopulation. Our identified HCC CSCs
facilitated the migration of macrophages in vitro and demonstrated metastatic potential by
way of recruitment of macrophages in vivo. In patients who undergo curative operation for
HCC, the CSC-specific gene signature in the liver microenvironment significantly correlates
with recurrence. Conclusion: Based on these findings, the stem cell feature monitoring
system proposed here is a promising tool to analyze the in vivo significance of CSC

microenvironments in human HCGCs. (HepaToroGY 2013;58:218-228)

epatocellular carcinoma (HCC) is one of the
most common malignancies and the third
leading cause of cancer death worldwide.'
The primary curative treatment for HCC is surgical
resection; however, even after curative resection patient
prognosis remains poor because of frequent recurrence
and/or metastasis.”> Because cancer stem cells (CSCs)
possess self-renewal capacity, multilineage potency, and

increased tumorigenicity, it has been hypothesized that
CSCs exist as a small population within the bulk
tumors and play a critical role in cancer progression,
metastasis, and recurrence.® Various tools have been
reported for identification of the CSC population,
including the cell surface markers CD44, CD133,
CD90, and ESA/EpCAM.5 % In addition, specific
stemness properties based on stem cell biology of their

Abbreviations: CSC, cancer stem cells; FDR, false discovery rate; GSEA, gene set enrichment analysis; HCC, hepatocellular carcinoma; NOD/SCID, nonobese
diabetic / severe combined immunodeficient; ODC, ornithine decarboxylase; ROS, reactive oxygen species.
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