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Moreover, Wherry et al. showed that not only the per-
sistence of a viral Ag, but also the initial Ag level is an
important factor determining the quality of the antiviral
memory response.’’

Hepatitis C virus core protein has been reported to
suppress T-cell response. HCV core-mediated inhibition
of T-cell response can occur via either modulation
of pro-inflammatory cytokine production by antigen-
presenting cells (APC; i.e. monocyte and dendritic
cells)™ or direct effect on T cells.'”"” Because the liver is
the major site of HCV infection, it is crucial to under-
stand the regulation of host immunity by HCV core in
the liver compartment and the impact of FICV core-
induced immune dysregulation in facilitating HCV
persistence.

Hepatitis C virus does not infect small laboratory
animals. The lack of a small animal model has ham-
pered studies attempting to elucidate the mechanism of
HCV-mediated suppression of antiviral CD8 T-cell activ-
ity and caused difficulty in the development of a thera-
peutic and/or prophylactic HCV vaccine.

Adenoviral vectors efficiently and reproducibly trans-
fer foreign DNA into the livers of immunocompetent
experimental animals. i.v. administration of adenoviral
vectors of more than 10° infectious units/mouse results
in infection and Ag expression in more than 90% of
hepatocytes and acute self-limiting viral hepatitis.'®*

In this study, to develop a useful animal model in the
development of immunotherapy for chronic hepatitis C,
we examined the responses of intrahepatic CD8 T cells
of HCV core transgenic (Tg) mice with various infectious
doses of HCV-NS3-recombinant adenovirus (Ad-HCV-
NS3).

METHODS
Mice

57BL/6 MICE WERE purchased from Clea Japan

(Tokyo, Japan), and Tokyo Laboratory Animal
Science (Tokyo, Japan). Production of HCV core Tg mice
has been described.® The core gene of HCV placed
downstream of a transcriptional regulatory region from
hepatitis B virus, which has been shown to allow an
expression of genes in Tg mice without interfering with
mouse development,* was introduced into C57BL/6
mouse embryos (Clea Japan). Eight- to 10-week-old
mice were used for all experiments. The mice were
housed in appropriate animal care facilities at Saitama
Medical University (Saitama, Japan) and were handled
according to international guidelines. The experimental
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protocols were approved by the Animal Research Com-
mittee of Saitama Medical University (#855).

HCV-NS3 recombinant adenovirus

Adenovirus HCV-NS3 expressing the fusion protein,
comprising the entire HCV-NS3 and 3X flag, was con-
structed by using the AdEasy XL adenoviral vector
system (Agilent Technologies, Santa Clara, CA, USA).
The HCV-NS3 gene corresponding to amino acid resi-
dues 1027-1657 was amplified from the plasmid
pBRTM/HCV1-3011con which contains the entire DNA
sequence derived from the HCV H77 clone (kindly pro-
vided by Charls M. Rice, The Rockefeller University,
New York, NY, USA)* by polymerase chain reaction.
The recombinant Ad-HCV-NS3 vector was linearized by
Pacl digestion, and then transfected into 293 cells using
Lipofectamine LTX (Invitrogen, Carlsbad, CA, USA) to
generate adenovirus. Ad-HCV-NS3 expressing transgene
NS3 was amplified in 293 cells, purified by a series of
cesium chloride ultracentrifugation gradients and stored
at —80° C until use. Mice were injected i.v. with 2 x 107,
1x10° and 1x 10" plaque-forming units (PFU) of
Ad-HCV-NS3 or Ady5 control vector. The experimental
protocol regarding construction of recombinant adeno-
virus and infection of mice was approved by the Recom-
binant DNA Advisory Committee of Saitama Medical
University (#1073).

Isolation of intrahepatic leukocytes

The liver was perfused with phosphate-buffered saline
(PBS) plus 0.05% collagenase via the portal vein.
Perfused livers were smashed through a 100-pum cell
strainer (BD Biosciences, San Jose, CA, USA). The
cell suspension was centrifuged with 35% Percoll at
320 g for 10 min, and the cell pellet was cultured in a
plastic Petri dish in RPMI-1640 medium supplemented
with 10% fetal calf serum (FCS; R-10) for 1.5h to
remove adherent cells. Then, non-adherent cells were
harvested, washed twice with R-10 and used as intrahe-
patic lymphocytes (IHL). Adherent cells were used as
intrahepatic APC).

Intracellular IFN-y staining

The THL were resuspended in R-10. In each well of a
96-well round-bottomed plate, 2 x 10° IHL were incu-
bated for 5h at 37°C in R-10 containing 50 ng/mL
phorbol myristate acetate (PMA; Sigma-Aldrich, St
Louis, MI, USA), 1uM ionophore A23187 (Sigma-
Aldrich) and 1 pg/mlL brefeldin-A (BD Biosciences). The
cells were then washed twice with ice-cold PBS (-) and
incubated for 10 min at 4°C with a rat antimouse
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CD16/CD32 monoclonal Ab (mAb; Fc Block; BD Bio-
sciences) at a concentration of 1 pg/well. Following
incubation, the cells were washed twice with ice-cold
PBS (-) and stained with a PE-conjugated HCV-NS3
H-2Db tetramer (Tet-603; GAVQNEVTL; Medical and
Biological Laboratories, Nagoya, Japan)® and peridinin
chlorophyll protein (PerCP)-conjugated rat antimouse
CD8 MAD (clone 53-6.7; BD Biosciences) for 30 min at
4°C in staining buffer (PBS with 1% FCS and 0.1%
NaN3s). After the cells were washed twice, they were
fixed and permeabilized by using a Cytofix/Cytoperm
kit (BD Biosciences) and stained with a fluorescein
isothiocyanate (FITC)-conjugated rat antimouse IEN-y
mAb (clone XMG1.2; BD Biosciences). After the cells
were washed, flow cytometric analyses were performed
with a FACScanto II flow cytometer (Becton Dickinson,
Franklin Lakes, NJ, USA), and the data were analyzed
with FACSdiva software (Becton Dickinson).

PD-1 and Tim-3 staining

Intrahepatic lymphocytes were prepared and treated
with an antimouse CD16/CD32 mAb as described
above for intracellular IFN-y staining and then stained
with a PE-conjugated HCV-NS3 H-2Db tetramer,
PerCP-conjugated anti-CD8a (BD Biosciences), FITC-
conjugated anti-PD-1 (eBioscience, San Diego, CA,
USA) and Alexa647-conjugated anti-Tim-3 (Biolegend,
San Diego, CA, USA) for 30 min at 4°C. After the cells
were washed twice, they were fixed with PBS containing
1% formaldehyde and 2% FCS and analyzed by flow

cytometry.

PD-L1 staining

Intrahepatic APC were prepared and treated with an
antimouse CD16/CD32 mAb as described above for
intracellular IFN-y staining and then stained with a
FITC-conjugated anti-CD11c (BD Biosciences) and
PE-conjugated anti-PD-L1 (eBioscience) for 30 min at
4°C. After the cells were washed twice, they were fixed
with PBS containing 1% formaldehyde and 2% FCS and
analyzed by flow cytometry.

HCV core Ag detection

For the detection of HCV core Ag in the liver, liver tissue
samples isolated 7 and 14 days post-infection were
homogenized in RIPA B buffer (50 mM Tris pH 7.5, 1%
NP40, 0.15 M NaCl, 1 mM phenylmethylsulfonyl fluo-
ride) to make 10% (w/v) extract. Liver tissue extracts
were assessed using Lumispot Eiken HCV Ag assay kit
(Lumispot-Ag; Eiken Chemical, Tokyo, Japan).
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Histology and immunohistology staining

Liver tissue samples isolated 7 and 14 days post-
infection were used for histological studies. Paraffin
sections (4-pum thick) were stained with hematoxylin-
eosin safranin O. For immunohistology, 5-um thick
acetone-fixed frozen sections were incubated with rat
anti-CD8 (BD Biosciences), followed by biotin-
conjugated antirat immunoglobulin G and ABC staining
system (Santa Cruz Biotechnology, Santa Cruz, CA,
USA).

Persisting HCV-NS3 Ag detection

For the detection of persisting HCV-NS3 Ag in the liver,
liver tissue samples isolated 21 days post-infection were
homogenized in RIPA C buffer (50 mM Tris pH 7.5, 1%
Triton X-100, 300 mM NaCl, 5 mM ethylenediaminete-
traacetic acid, 0.02% NaNj;) to make 2% (w/v) extract
and used for immune precipitation/western blot assay.
Liver tissue extracts were incubated with protein-G
sepharose beads for 30 min at 4°C to remove non-
specifically bound proteins. After centrifugation, super-
natants were incubated with anti-Flag-M2 antibody
(Sigma-Aldrich) coupled protein-G sepharose beads for
2 h at4°C. After centrifugation, HCV-NS3-3xFlag fusion
protein bound to the beads were dissolved in sample
buffer and separated on 10% sodium dodecylsulfate
polyacrylamide gel electrophoresis gels (Mini PROTEAN
TGX gel; Bio-Rad, Hercules, CA, USA) for immunoblot
analysis using anti-Flag-M2 antibody and goat anti-
mouse Ig horseradish peroxidase (KPL, Gaithersburg,
MD, USA). Electrochemiluminescence Prime Western
Blotting Detection Reagent (GE Healthcare, Little
Chalfont, UK) was used for chemiluminescent
detection.

Statistical analysis

Mann-Whitney U-tests were used to evaluate the signifi-
cance of the differences. Correlations between param-
eters were tested for statistical significance by Pearson
correlation.

RESULTS

Functional exhaustion of Ag-specific CD8
IHL with high infectious dose and the
impaired Ag-specific CD8 IHL responses in
core Tg mice

O DETERMINE THE effect of the amount of
virus dose, we evaluated hepatic inflammation and
compared the magnitude of HCV-NS3-specific CD8
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Figure 1 Adenovirus (Ad) infection-mediated hepatic inflammation in mouse liver. Hepatitis C virus (HCV) core (+) and core (-)
mice were infected with 2 x 107, 1 x 10° and 1 x 10'° plaque-forming units (PFU) of Ad-HCV-NS3 i.v. and analyzed at 7 and 14 days
post-infection. (a) Harvested liver tissues were analyzed by hematoxylin-eosin staining for assessment of hepatic inflammation. (b)
Frozen liver sections were analyzed by CD8 staining. Liver infected with 1 X 10'° PFU and harvested at 7 days post-infection was used
(original magnifications: [a] x100; [b] X200). (¢,d) The frequency and number of hepatic CD8 lymphocytes were assessed by flow
cytometric analysis. There were no differences in the frequency and number of hepatic CD8 lymphocytes between core (+) mice and
core (—) mice. (e) Detection of HCV core antigen in the liver. Liver tissue extracts were assessed using Lumispot Eiken HCV Ag assay
kit. There were no differences in core protein expression between Ad-infected and non-infected livers. W, day 7; [, day 14; [, day 21.
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Figure 1 Continued

T-cell responses and their effector function in the liver of
mice infected with 2 x 107, 1x 10° and 1x 10" PFU
Ad-HCV-NS3.

In histological studies, we observed Ad-infection-
mediated hepatic inflammation in mice injected with
1x10° and 1x 10 PFU. Especially, infection with
1 x 10" PFU caused drastic infiltrations of inflamma-
tory cells (Fig. 1a). We also observed that CD8 lympho-
cytes infiltrated into the lobular areas of the infected
liver in mice injected with 1x 10 PFU (Fig. 1b). At
7 days post-infection, we found by flow cytometric assay
that the numbers and the frequencies of CD8 T cells in
the liver were markedly increased after infection with
1 % 10° PFU and 1 x 10 PFU, and the increased CD8 T
cells decreased with time (Fig. 1c). We did not find sig-
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nificant differences between the number of CD8 T cells
of core (+) and core (—) at each time point and infec-
tious dose.

In addition, we evaluated core protein expression
in the liver in each infectious dose at 7 and 14 days
post-infection; there was no significant difference in
core protein expression between Ad-infected and non-
infected livers (Fig. 1e).

Using major histocompatibility complex (MHC) class
I tetramer complexed with the H2-Db-binding HCV-
NS3 GAVQNEVTL epitope, we found that i.v. infection
with 2 x 107 PFU generally elicited only a weak expan-
sion of HCV-NS3 tet* CD8* IHL (Fig. 2a,b} and IFN-y*
HCV-NS3 tet* CD8* IHL (Fig. 2a,c). In contrast, infec-
tion with 1 x 10° PFU induced a significant proliferation
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of HCV-NS3 tet* CD8" IHL (Fig. 2a,b) and IFN-y* HCV- As shown in Figure 2(c), the number of IFN-y-
NS3 tet" CD8* IHL (Fig. 2a,c). producing FCV-NS3 tetramer” CD8 T cells in the

In each infectious dose, HCV-NS3 tet” CD8 IHL did liver of core (+) mice was lower than that of core (-)
not show the diminution of elicited IFN-y production mice following PMA/ionophore stimulation. In addi-
(Fig. 2a). In contrast, HCV-NS3 tet" CD8 IHL showed tion, the percentage of IFN-y-producing CD8 lympho-
the dose-dependent diminution of elicited IFN-y pro- cytes in tetramer* CD8 IHL of core (+) mice was

duction (Fig. 2d). Especially, infection with 1x 10" suppressed as compared with core (—) mice following
PFU led to a dramatic diminution of the elicited TFN-y PMA/ionophore stimulation (Fig. 2d). These suggest
production in HCV-NS3 tet* CD8" IHL (Fig. 2a,d). These that the presence of HCV core gene significantly
indicate that high infectious dose of Ad-HCV-NS3 cause impair antiviral effector CD8 T-cell responses in the

NS3 Ag-specific immunosuppression. liver.
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Figure 2 Impaired CD8* T-cell responses in the livers of high infectious doses. (a) Flow cytometric dot gram gating on the CD8
lymphocyte at day 14 post-infection. Graded doses of adenovirus (Ad)-hepatitis C virus (HCV)-NS3 were administrated i.v and
NS3-specific intrahepatic cytotoxic T lymphocytes (CTL) were analyzed using major histocompatibility complex (MHC) class I
tetramer and intracellular interferon (IFN)-y staining method. Data show one representative mouse per group (n=3). (b) The
number of MHC tetramer* CD8 lymphocytes in the liver of core (—) and core (+) mice at day 7 and day 14 following Ad-HCV-NS3
infection (*P < 0.05; n.s., not statistically significant). (c) The number of tetramer+ intracellular IFN-y+ CD8 lymphocytes in the
liver of core (—) and core (+) mice at day 7 and day 14 following Ad-HCV-NS3 infection. Intrahepatic lymphocytes (IHL) were
restimulated with phorbol myristate acetate (PMA)/ionophore for 5 h and IFN-y production was determined by intracellular
cytokine staining (*P < 0.05; n.s., not statistically significant). (d) The percentage of intracellular IFN-y* CD8 lymphocytes in
tetramer* CD8 IHL of core (-) and core (+) mice on day 7 and day 14 following Ad-HCV-NS3 infection. IHL were restimulated with
PMA/ionophore for 5 h and IFN-y production was determined by intracellular cytokine staining (*P < 0.05; n.s., not statistically
significant). [, core (-); &, core (+).
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The existence of HCV core gene cause
higher expression of suppression molecules

The PD-1 and Tim-3 inhibitory pathways have been
reported to play important roles in the dysfunction
of effector T-cell response during viral infection. For
instance, the expression of PD-1 is increased on func-
tionally exhausted CD8 T cells during chronic viral
infection.”” To investigate the relation between the viral

Hepatology Research 2014; 44: E240-E252

infectious doses or the expression of HCV core gene in
the liver and suppression marker expression of antiviral
CDS8 IHIL, we examined the expression for both PD-1
and Tim-3 in the CD8 IHL and PD-L1 in the intrahepatic
APC of core (+) and core (—) following various doses
Ad-HCV-NS3 infection.

We found that iv. infection with 1x10' PFU
induced a significant expression of PD-1 and Tim-3 by
Ad-HCV-NS3 specific intrahepatic CD8 T cells (Fig. 3).
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intrahepatic CD8 T cells.

When core (+) and core (—) mice were compared, the
expression of PD-1 and Tim-3 by Ad-HCV-NS3-specific
intrahepatic CD8 T cells was significantly higher in core
(+) than core (~) at various time points following
Ad-HCV-NS3 infection. Furthermore, we found a sig-
nificant inverse correlation between the percentages of
IFN-y-producing cells and expression of regulatory mol-
ecules in Ag-specific intrahepatic CD8 T cells (Fig. 4).

To determine whether suppression ligand expression
by intrahepatic APC is altered in core (+) mice, the
intensity of PD-L1 expressed by CD11* cells was ana-
lyzed at 7 and 14 days post-infection. Intrahepatic APC
showed the infectious dose-dependent augmentation of
PD-L1 expression. We observed elevated expression of
PD-L1 by APC in core (+) mice infected with 10'° PFU
at both time points (Fig. 5a,b). In PD-L1 expression,
we did not find a significant difference between
Ad-HCV-NS3 infection and Ady5 control vector infec-
tion (Fig. 5¢,d).

Taken together, these data suggest that the existence of
HCV core gene suppress T-cell-mediated immune
response by causing higher expression of suppression
molecules.

Ag persistence after Ad-HCV-NS3 infection

To determine the Ag persistence after Ad-HCV-NS3
infection, we analyzed the expression of FLAG-tagged
HCV-NS3 protein in the liver by IP-western blot after
administration of 2 x 107, 1x 10° or 1 x 10 PFU of
the virus. The Ag expression in the liver could be found
in both core (+) and core (-) mice on 21 days after

PD-1 MFI

Tim-3+ cell/Tet-603+ cell (%)

infection with 1x 10" PFU. When 1x10° PFU of
Ad-HCV-NS3 was administrated, HCV NS3-protein was
almost cleared from the liver of core () mice at day 21
post-infection, whereas the Ag expression persisted in
the liver of core (+) mice until day 21 post-infection
(Fig. 6).

Itis important to note that the loss of Ag expression in
the liver of core (—) mice after infection with 1 x 10°
PFU coincided with the high HCV-NS3-specific CD8
T-cell response at 14 days post-infection (Fig. 2¢),
whereas Ag persistence in the liver of core (+) mice after
infection with 1 x 10° PFU or the liver of core (-) and
core (+) mice after infection with 1 x 10" PFU was asso-
ciated with strongly diminished Ag-specific CD8 T-cell
response (Fig. 2c). It is likely that the expression of core
protein and the high amount of Ag in the liver contrib-
uted to the functional exhaustion of HCV-NS3-specific
CD8 T cells.

DISCUSSION

N THIS STUDY, we found an impaired response of

HCV-NS3-specific intrahepatic CD8 T cell in a high
dose setting (1 x 10" PFU) of Ad-HCV-NS3 infection.
Furthermore, higher levels of expression of regulatory
molecules, Tim-3 and PD-1, by intrahepatic CD8 T cells
and PD-L1 by intrahepatic APC were observed in HCV
core Tg mice and the expression increased dependent
on infectious dose. In addition, we found a significant
inverse correlation between the percentages of IFN-y-
producing cells and expression of regulatory molecules
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in Ag-specific intrahepatic CD8 T cells. These results
indicated that high infectious dose and the presence of
HCV core gene were strongly involved in ineffective
CD8 T-cell responses.

Recently, a novel mechanism of T-cell dysfunction
was demonstrated in a murine model of chronic LCMV
infection.? It was found that the expression of PD-1 was

© 2013 The Japan Society of Hepatology

Ad-NS3; (d) B, Adys; [, Ad-NS3.

upregulated on dysfunctional LCMV-specific CD8 T cells
in mice.*® In vivo blockade of PD-1/PD-L1 interaction
restored the functions of LCMV-specific CD8 T cells and
reduced the viral titer.* More recently, other inhibitory
receptors such as Tim-3 have also been studied as the
factors that can cause T-cell impairments in chronic
viral infections.”® These influential discoveries led to
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Figure 5 Continued

extensive investigations of inhibitory receptors in
the regulation of T cells in human chronic viral
infections.***

Chronic HCV infection in humans is characterized by
CD8 T-cell exhaustion and dysfunction.?” As in chronic
LCMV infection, the expression of PD-1 is similarly
upregulated on the virus-specific CD8 T cells in chronic
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HCV infection, and HCV-specific PD-1"&" T cells are
functionally impaired.”®° Also, Tim-3 is overexpressed
on HCV-specific dysfunctional CD8 T cells.® In addi-
tion, a blockade of PD-1/PD-L1 or Tim-3/galectin9
(Gal9) interaction restores T-cell functions such as
proliferation, cytolytic activity and cytokine (IFN-y
and tumor necrosis factor-o) production.*?%-3° As was

© 2013 The Japan Society of Hepatology

— 644 —



E250 Y. Horiuchi et al.
C57BL/6
Day 21
2x107 PFU 1x10° PFU 1x10° PFU
Core Tg
Day 21

1x10'° PFU

1x10° PFU

2x107 PFU

Figure 6 Persisting hepatitis C virus (HCV)-NS3 antigen
detection was performed on the liver sections isolated 21 days
post-infection. Liver sections were analyzed by IP-western blot
assay using anti-FLAG antibody.

mentioned above, it has been reported that increased
expression of inhibitory receptors is associated with the
impaired HCV-specific CD8 T cells observed in chronic
HCV patients. However, the underlying mechanisms for
HCV-mediated impaired CD8 T-cell responses have yet
to be determined. Based on our finding that lower level
of activation and higher levels of expression of regula-
tory molecules, Tim-3 and PD-1, by intrahepatic CD8 T
cells and higher levels of expression of PD-L1 by
intrahepatic APC were observed in core (+) mice in
comparison with core (—) mice, it is possible that HCV
core-induced T-cell dysfunction is one of the viral
factors that contributes to impaired CD8 T-cell
responses as seen in chronic HCV patients. Our specu-
lation is in accordance with the study by Lukens et al.?!

Suppression of CIL responses via highly expressed Ag
was found in chronic HCV infection. Inverse relation-
ships between HCV viral titer and HCV-specific T cells
have been reported.”**** In this study, we found higher
levels of expressions of PD-L1 by intrahepatic APC and
an impaired intrahepatic CD8 T-cell response in high
infectious dose setting. Moreover, we found a significant
inverse correlation between the percentages of IEN-y-
producing cells and expression of regulatory molecules
in Ag-specific intrahepatic CD8 T cells. It is likely that
the PD-1/PD-L1 or Tim-3/Gal9 pathway play a major
inhibitory role in our model. High-dose Ad-HCV NS3
infection may inhibit the NS83-specific CD8 T-cell
responses not at the induction phase but at the effector
phase because Ag-specific-MHC tetramer™ T cells were
observed, and most Ag-specific MHC tetramer* T cells
was anergic to PMA/ionophore stimulation and these T
cells expressed PD-1 and Tim-3. The role of PD-1/PD-L1
as mechanism for liver tolerance has been well estab-
lished. PD-1 expression by T cells has been shown to

© 2013 The Japan Society of Hepatology
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inhibit intrahepatic antiviral immune responses at the
effector phase.34-3¢

Hepatitis C virus infection affects approximately
170 million people in the world and is a major
global health problem because infected individuals can
develop liver cirrhosis and hepatocellular carcinoma.
Pegylated interferon and ribavirin therapy, although
beneficial in approximately half of treated patients, are
expensive and associated with significant side-effects.>”
In this clinical context, there is an urgent need for the
development of a therapeutic and/or prophylactic HCV
vaccine.*® Because HCV infects only humans and chim-
panzees, it is difficult to evaluate effective therapeutic
vaccine candidates. Recently, as a small animal model
for HCV infection study, chimeric humanized mouse
harboring a human hepatocyte and hematolymphoid
system was established by xenotransplantation tech-
nique.** The xenograft model provides a unique
opportunity for HCV vaccine development. However,
the generation of this chimeric humanized mouse
requires advanced technical skills and the scarcity of
adequate human primary material remains a significant
logistical challenge.*** Our model showed in the
present study is easy to create, and it has Ag-specific
T-cell exhaustion and Ag persistent in the liver seen
in chronic HCV patients. These features suggest that
this system is useful for therapeutic HCV vaccine
development.
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Abstract

Background The number of hepatocellular carcinoma
(HCC) patients with non-viral etiologies is increasing in
Japan. We conducted a nation-wide survey to examine the
characteristics of those patients.

Methods After we assessed the trend of patients who
were first diagnosed with HCC at 53 tertiary care centers in
Japan from 1991 to 2010, we collected detailed data of
5326 patients with non-viral etiology. The etiologies were
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categorized as autoimmune hepatitis, primary biliary cir-
rhosis, alcoholic liver disease (ALD), non-alcoholic fatty
liver disease (NAFLD), unclassified, and other. Baseline
characteristics at initial diagnosis, the modality of the ini-
tial treatment, and survival status were collected via a
website. Survival of the patients was assessed by the

Kaplan-Meier method and Cox proportional hazard
regression.
Results  'The proportion of patients with non-viral etiolo-

gies increased from 10.0 % in 1991 to 24.1 % in 2010. Of
the patients, 92 % were categorized as ALD, NAFLD, or
unclassified. Body mass index (BMI) was > 25 kg/m2 in
39 %. Diabetes was most prevalent in NAFLD (63 %),
followed by unclassified etiology (46 %) and ALD (45 %).
Approximately 80 % of patients underwent radical therapy,
including resection, ablation, or transarterial chemoembo-
lization. Survival rates at 3, 5, 10, 15, and 20 years were
58.2, 42.6, 21.5, 15.2, and 15.2 %, respectively. Multi-
variate analysis revealed that patients with BMI > 22 and
< 25 kg/m2 showed the best prognosis versus other BMI
categories, after adjusting by age, gender, tumor-related
factors, and Child-Pugh score.

Conclusions Most cases of non-B, non-C HCC are related
to lifestyle factors, including obesity and diabetes. Slightly
overweight patients showed the best prognosis.

Keywords Hepatocellular carcinoma - Non-alcoholic
fatty liver disease - Non-alcoholic steatohepatitis -
Alcoholic liver disease - Retrospective study

Introduction

Hepatocellular carcinoma (HCC) is a typical example of an
infection-associated malignancy [1]. The geographical
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distribution of the highly endemic area of HCC overlaps
that of chronic hepatitis B and C [2]. Rigorous efforts to
control horizontal transmission of hepatitis B virus (HBV)
by vaccination since the mid-1980s succeeded in reducing
hepatitis B-related HCC in children [3]. Screening for
hepatitis C virus (HCV) and the ending of paid blood
donations markedly reduced the incidence of transfusion-
associated hepatitis [4]. In those with active chronic hep-
atitis B, long-term suppression using nucleotide analogs
may reduce the incidence of HBV-related HCC [5, 6], and
the eradication of HCV by interferon-based therapy can
reduce HCV-related HCC [7, 8]. It can reasonably be
concluded that hepatitis virus-related HCC will continue to
decrease in the future [9, 10].

While HCC is a typical example of a virus-related
cancer, it is also well known to be strongly related to life
style. Chronic alcoholism is a classical risk factor [11];
more recently, obesity has been recognized to strongly
affect HCC development in males, versus various other
malignancies [12]. There is also growing evidence sug-
gesting that type 2 diabetes increases the incidence of HCC
[13, 14]. Due to the globally increasing proportion of the
obese population over the past 30 years [15], obesity-
related HCC will likely continue to increase.

Unlike virus-related HCC, in which the high-risk popu-
lations and surveillance programs are well established, little
is known about the characteristics of virus-unrelated HCC.
To reduce the forthcoming global burden of obesity-related
HCC, to clarify its clinical features is quite important. The
Non-B, Non-C Liver Cancer, Etiology, Prognosis and
Treatment (NOBLESSE) study was conducted as a special
project of the Inuyama Symposium, an assembly of 56
gastroenterology and hepatology units in university hospi-
tals and tertiary care hospitals in Japan, to investigate the
characteristics of non-B, non-C HCC patients.

Patients and methods
Patients

This retrospective study complied with the ethical guide-
lines for epidemiological research designed by the Japa-
nese Ministry of Education, Culture, Sports, Science and
Technology and Ministry of Health, Labour, and Welfare.
The study protocol was approved by the University of
Tokyo Medical Research Center Ethics Committee
(approval number 3710) and the Institutional Review
Board or Ethics Committee of each participating institu-
tion. Informed consent was waved because of the retro-
spective design. This study was registered with the
University Hospital Medical Information Network (UMIN)
Clinical Trial Registry (UMIN-CTRO000007570).

é}_} Springer

First we collected the number of patients with HCC who
were first diagnosed with HCC in the participating hospi-
tals from 1991 to 2010 and categorized them as HBV-
related, HCV-related, both HBV and HCV-related, and
non-B, non-C to assess trends in the proportion of back-
ground etiologies. Next we collected detailed data of non-
B, non-C HCC patients defined as negative for both hep-
atitis B surface antigen (HBsAg) and anti-HCV antibody.
Patients who lost HBsAg before the diagnosis of HCC or
who were positive for HBV DNA were excluded.

Diagnosis of HCC

The diagnosis of HCC was made by dynamic computed
tomography (CT) or dynamic magnetic resonance imaging
(MRI) with consideration of hyperattenuation in the arterial
phase, with washout in the late phase as a definite sign of
this disease [16] or pathology. In years when dynamic CT
was not available, the diagnosis was also made by
angiography.

Data collection

The patients were registered via a website specially
designed by the investigators. The following characteristics
at diagnosis were collected: age, gender, body height, body
weight, etiology of background liver disease, daily alcohol
consumption; comorbidities including liver cirrhosis, fatty
liver by ultrasonography, hypertension, dyslipidemia, and
diabetes; tumor factors including tumor size of the maxi-
mal nodule, number of tumor nodules, the presence of
vascular invasion, and extrahepatic metastasis; symptoms
including ascites and hepatic encephalopathy, laboratory
data, including serum albumin, total bilirubin, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (ALP), gamma-glutamyl transpepti-
dase (GGT), platelet count, prothrombin activity, alpha-
fetoprotein (AFP), des-gamma-carboxyprothrombin
(DCP), and lens culinaris agglutinin-reactive fraction of
AFP (AFP-L3); and treatment modality for the first time,
including hepatic resection, liver transplantation, ablation,
transarterial chemoembolization (TACE), transarterial
chemotherapy, systemic chemotherapy, radiation therapy,
and supportive therapy. Body mass index (BMI), Child-
Turcotte—Pugh (CTP) score, and Barcelona-Clinic-Liver-
Cancer (BCLC) stages were calculated automatically using
the data obtained above.

The etiology of background liver diseases was catego-
rized as follows: autoimmune hepatitis (AIH), primary
biliary cirrhosis (PBC), AIH-PBC overlap syndrome,
alcoholic liver disease, non-alcoholic fatty liver disease
(NAFLD), Budd-Chiari syndrome, hemochromatosis,
Wilson disease, and others. The diagnosis of the
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background liver disease, hypertension, dyslipidemia, and
diabetes was made by the attending physician, based on the
Japanese clinical guidelines for each disease. Daily alcohol
consumption was calculated from forms of alcohol and
frequency. Alcoholic liver disease was defined as chronic
liver injury with daily alcohol consumption = 80 g/day
without another definite etiology. NAFLD was defined as a
history of fatty liver or who were diagnosed with fatty
liver, radiologically or pathologically, with alcohol con-
sumption < 20 g/day. Those with cryptogenic chronic liver
disease who did not meet the criteria described above for
alcoholic liver disease or NAFLD were categorized as
unclassified.

Patient survival status was also registered. Status was
defined as alive, dead, or lost to follow-up. Observations
were censored on 31 December 2011. In diseased patients,
the cause of death was categorized according to the criteria
of the Liver Cancer Study Group of Japan [17], as follows:
liver cancer progression, liver failure, gastrointestinal
bleeding, gastro-esophageal varices rupture, rupture of
liver cancer, operative death, other, and unknown.

Statistical analysis

Data are expressed as medians with 25th to 75th percen-
tiles, unless otherwise indicated. Numbers and percentages
were used for qualitative variables. Student’s ¢ test was
used for comparisons of two continuous variables. Differ-
ences among groups were assessed with one-way analysis
of variance (ANOVA) for continuous data, and with the
Chi squared test for categorical data. The Cochran—Ar-
mitage trend test was used to evaluate increasing or
decreasing trends in etiology. Survival time was defined as
the interval between the day of the first diagnosis and death
or the last visit to the hospital until 31 December 2011.
Cumulative survival curves were constructed with the
Kaplan—-Meier method and compared with the log-rank
test. To assess the hazard ratios of various factors on
overall survival, the Cox proportional hazard model was
used.

Statistical analyses were performed using the ‘R’ soft-
ware (ver. 2.13.0; http://www.R-project.org). All tests were
two-sided, and p values < 0.05 were considered to indicate
statistical significance.

Results
Patient profiles
Of 33,782 patients who were first diagnosed with HCC at

the 53 participating hospitals from 1991 to 2010, 5326
(15.8 %) were categorized as non-B, non-C. A marked

increase in the proportion of patients categorized as non-B,
non-C was observed (p < 0.001 by Cochran—Armitage test;
Fig. 1). The proportion of non-B, non-C patients was
24.1 % in 2010, whereas it was only 10.0 % in 1991. The
distribution of background liver diseases among non-B,
non-C patients was as follows: AIH in 161 (3.0 %), PBC in
164 (3.1 %), AIH-PBC overlap syndrome in 18 (0.3 %),
alcoholic liver disease in 1423 (26.7 %), NAFLD in 596
(11.2 %), Budd-Chiari Syndrome in 20 (0.4 %), hemo-
chromatosis in 9 (0.2 %), Wilson’s disease in 5 (0.1 %),
unclassified in 2875 (54.0 %), and other in 53 (1.0 %).
‘Other’ included schistosomiasis japonica, suspicion of
autoimmune liver diseases, and normal liver. As few
patients were categorized as AIH-PBC overlap syndrome,
Budd-Chiari syndrome, hemochromatosis and Wilson’s
disease, they were combined with ‘others’ in Table I.
Among non-B, non-C patients, 31 and 10 % were diag-
nosed as HCC at the department of gastroenterology or
hepatology and other department in the participating hos-
pital, respectively. The remaining 59 % were diagnosed at
other hospitals and referred to the participating hospitals.
Forty-one percent of patients were followed by imaging
modalities before the diagnosis of HCC.

The median [interquartile range (IQR)] age in the entire
cohort was 70.0 (63.0-75.0) years and approximately
three-quarters were males. Patients with alcoholic liver
disease were significantly younger than other etiologies
(p < 0.001). The male to female ratio was different among
the etiologies: females predominated in autoimmune liver
diseases. The vast majority were non drinkers or light
drinkers, except for those with alcoholic liver disease or
unclassified etiology. Among those judged as unclassified,
41 % were moderate drinkers.

The distribution of BMI varied across the etiologies and
gender. The median BMI was the highest in those with
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Fig. 1 Trend in background liver disease in hepatocellular carcinoma
in Japan. A marked increase in the proportion of patients categorized
as non-B, non-C in the participating hospitals was observed
(p < 0.001 by Cochran—-Armitage test)
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Table 1 Baseline characteristics of the HCC patients analyzed in this study (n = 5,326)

ALL AIH PBC Alcoholic liver disease ~ NAFLD Unclassified  Others
Number of patients 5,326 161 166 1,423 596 2,875 105
Age (year)
Median 70.0 70.0 71.5 66.0 72.0 71.0 70.0
IQR 63.0-75.0 66.0-76.0 66.0-77.0  60.0-72.0 66.0-77.0 64.0-76.0 58.0-76.0
Male gender [n (%)] 4,022 (75.5) 43 (26.7) 52 (31.3) 1,327 (93.3) 348 (58.4) 2,188 (76.1) 64 (61.0)
Alcohol consumption (g/day)*
<20 [n (%)] 2623 (50.9) 144 (90.0) 146 (90.7) 596 (100.0) 1661 (59.0) 80 (86.0)
21-79 [n (%)] 1179 (22.9) 9 (5.6) 9 (5.6) 1154 (41.0) 7(7.5)
> 80 [n (%)] 1351 (26.2) 7 (3.7) 6 (3.7) 1423 (100.0) 6 (6.5)
Diabetes [n (%)]° 2345 (46.1) 48 (30.6) 27 (17.0) 621 (45.2) 359 (62.7) 1264 (46.4) 26 (27.1)
Hypertension [n (%)]° 2063 (42.7) 51 (354) 42 (26.8) 493 (38.0) 313 (55.5) 1135 (44.1) 29 (31.9)
Dyslipidemia [r (%)]* 720 (14.6) 26 (17.1) 12 (7.6) 171 (12.7) 125 (22.9) 374 (14.2) 12 (12.6)
Fatty liver [n (%)]° 936 (24.0) 18 (15.5) 7 (5.5) 219 (20.7) 280 (64.4) 403 (19.3) 9(13.4)
Liver Cirrhosis [n (%)]° 3439 (67.0) 127 (80.9) 145(87.9) 1115 (80.2) 368 (63.4) 1619 (59.0) 65 (67.0)
Anti-HBcAb positive [n (%)]® 1501 (40.3) 27 (23.5) 35 (31.3) 410 (40.8) 159 (34.6) 837 (43.0) 33 (40.7)
ALT (U/L)
Median 32 29 29 33 33 32 29
IQR 22-50 20-44 20-41.3 22-50 22-51 22-51 20-54
Platelet count (x 109/p,L)h
Median 135 105 103 123 138 148 124
IQR 90-193 72-166 74-139 84-173 94-189 97-205 81-183
Child-Pugh class!
A [n (%)] 3500 (69.0) 89 (57.4) 83 (52.9) 843 (62.1) 439 (76.5) 1976 (72.4) 70 (72.2)
B [1n (%)] 1231 (24.3) 54 (34.8) 57 (36.3) 383 (28.2) 120 (20.9) 595 (21.8) 22 (22.7)
C [n (%)) 338 (6.7) 12 (7.7) 17 (10.8) 131 (9.7) 15 (2.6) 158 (5.8) 5(5.2)
Tumor characteristics
Maximal tumor size (cm)’
Median 32 3.0 2.8 3.0 3.0 35 3.0
IQR 2.0-6.0 2.0-43 1.7-3.5 2.0-5.0 2.0-5.0 2.2-7.0 2.0-5.1
Diffuse type [n (%)] 209 (4.0) 6 (3.7) 1 (0.6) 62 (4.4) 1729 119 (4.2) 4 (3.8)
Number of nodules®
Single {n (%)] 2700 (51.1) 87 (54.0) 110 (66.3) 664 (46.8) 340 (57.0) 1443 (50.8) 56 (53.8)
2-3 [n (%)) 1368 (25.9) 46 (28.6) 40 (24.1) 402 (28.3) 156 (26.2) 697 (24.5) 27 (26.0)
>3 [n (%)] 1220 (23.1) 28 (17.4) 16 (9.6) 353 (24.9) 100 (16.8) 702 (24.7) 21 (20.2)
Vascular invasion [n (%)]' 187 (3.5) 3 (1.9) 1(0.6) 52 (3.7) 13 (2.2) 116 (4.1) 2(1.9)
Extrahepatic metastasis [n (%)]™ 401 (7.6) 8 (5.0) 2 (1.2) 114 (8.0) 26 (4.4) 244 (8.6) 7 (6.7)
AFP (ng/mL)"
<20 [n (%)] 2908 (59.4) 80 (54.1) 71 (51.4) 827 (62.4) 361 (63.1) 1515 (58.0) 54 (55.7)
21-200 [n (%)] 820 (16.8) 33 (22.3) 29 (21.0) 229 (17.3) 92 (16.1) 423 (16.2) 14 (14.4)
>200 [n (%)] 1164 (23.8) 35 (23.6) 38 (27.5) 270 (20.4) 119 (20.8) 673 (25.8) 29 (29.9)
DCP (mAU/mL)°
<100 [ (%)] 2121 (45.8) 75 (53.6) 81 (59.1) 593 (46.8) 299 (53.9) 1032 (42.1) 41 (47.7)
101-400 [n (%)] 787 (17.0) 23 (16.4) 25 (18.2) 227 (17.9) 95 (17.1) 400 (16.3) 17 (19.8)
>400 [n (%)] 1727 (37.3) 42 (30.0) 31 (22.6) 448 (35.3) 161 (29.0) 1017 (41.5) 28 (32.6)
AFP-L3 (%)P
<10 [n (%)] 1765 (67.7) 53 (64.6) 39 (55.7) 498 (69.6) 263 (73.5) 881 (66.1) 31 (66.0)
10.1-15 [n (%)] 74 (2.8) 337 457 17 2.4) 7 (2.0) 43 (3.2) 0 (0)
>15 [n (%)] 767 (29.4) 26 (31.7) 27 (38.6) 201 (28.1) 88 (24.6) 409 (30.7) 16 (34.0)

As few patients were categorized as having the AIH-PBC overlap syndrome, Budd-Chiari syndrome, hemochromatosis or Wilson’s disease, they were
combined with ‘others’. Data were missing in 173, ®241, °498, 9388, ©1434, {193, 81606, "61, 1257, 142, ¥38, 128, ™26, "434, °691, and P3677 patients

AFP alpha-fetoprotein, AFP-L3 lens culinaris agglutinin-reactive fraction of AFP, ALT alanine aminotransferase, Anti-HBcAb anti-hepatitis B core
antibody, DCP des-gamma-carboxy prothrombin, /QR interquartile range
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Fig. 2 Body mass index according to background liver disease.
Median (25th-75th percentiles) BMI values in all categories were
23.8 (21.6-26.3) ki.g/m2 in males and 24.4 (21.8-27.5) kg/m2 in
females. Box plot ‘whiskers’ show the minimum and maximum
values; the horizontal line in each box plot shows the median, and the
colored segment shows the interquartile range. AJH autoimmune
hepatitis, PBC primary biliary cirrhosis, ALD alcoholic liver disease,
NAFLD non-alcoholic fatty liver disease

NAFLD. Females had significantly higher BMI than males
in NAFLD and those unclassified (p = 0.01 and <0.001,
respectively; Fig. 2).

Nearly half of the patients were complicated with dia-
betes (Table 1, Supplementary Fig. 1). The proportion of
those with diabetes was highest in NAFLD patients. A
similar trend was observed in the proportions of hyper-
tension and dyslipidemia. The presence of fatty liver,
judged by ultrasonography at the diagnosis of HCC, varied
across the etiologies. The proportion was approximately
20 % in alcoholic liver disease and unclassified etiology,
while it was lower in autoimmune liver diseases, especially
PBC. It was also suggested that fatty liver could not be
detected by ultrasonography in approximately 30 % at the
diagnosis of HCC in NAFLD.

Approximately two-thirds of the patients were compli-
cated with cirrhosis. The proportion of those with cirrhosis
was lower in those with NAFLD and unclassified etiology
compared with other etiologies (p < 0.001). Reflecting the
proportion of cirrhosis, platelet counts were highest in
those with unclassified etiology, followed by those with
NAFLD.

Regarding the diagnosis process, 30.3 % of the patients
had their tumor pointed out for the first time in the par-
ticipating department, 10.6 % in another department of the
same hospital, and 59.1 % at other hospitals. Patients were
diagnosed at more advanced stages in those with unclas-
sified etiology; the tumor size was the largest and the
proportion of patients with vascular invasion and extrahe-
patic metastasis was also the largest. The sensitivity of
DCP was superior to that of AFP (54.2 vs. 40.6 % with

cutoff  values of 100 mAU/mL  and

respectively).

20 ng/mlL.,

Treatment and survival

Among 5058 patients in whom BCLC staging could be
determined, 2533 (50.1 %), 1913 (37.8 %), 283 (5.6 %),
and 329 (6.5 %) were categorized as stages A, B, C, and D,
respectively (Table 2). The distribution of the initial
treatment was as follows: resection in 1073 (20.3 %),
ablation in 1060 (20.0 %), TACE - ablation in 470
(8.9 %), TACE in 1590 (30.1 %), transarterial chemo-
therapy with one-shot and continuous infusion in 99
(1.9 %), systemic therapy in 20 (0.3 %), radiation therapy
in 20 (0.4 %), liver transplantation in 17, others in 30
(0.6 %), and supportive care in 429 (8.1 %).

During the mean follow-up period of 2.6 years, 2225
patients died and 670 patients were lost to follow-up. The
causes of death were cancer progression in 1411 (58.0 %),
liver failure in 359 (14.8 %), gastrointestinal bleeding,
including varices rupture, in 87 (3.6 %), tumor rupture in
71 (2.9 %), operative death in 13 (0.5 %), and other in 284
(11.7 %). The cause of death was unspecified in 206
(8.5 %). Median survival time [95 % confidence interval
(CI)] after the initial diagnosis of HCC was 4.03
(3.82~4.20) years. Overall survival rates at 1, 3, 5, 7, 10,
15, and 20 years were 80.1, 58.2, 42.6, 32.2, 21.5, 15.2,

Table 2 Distribution of treatments according to BCLC stage

A B C D
Number of patients 2533 1913 283 329
Hepatic resection 616 (24.3) 398 (20.8) 30 (10.6) 3 (0.9)
[n (%]
Ablation [n (%)] 887 (35.0) 81 (4.2) 4 (1.4) 52 (15.8)
TACE + ablation 335 (13.2) 116 (6.1) 3 (1.1) 4(1.2)
[ (%)]
TACE [ (%)] 517 (17.1) 840 (43.9) 78 (27.6) 83 (25.2)
Transarterial 83(3.2) 278 (14.5) 87(30.7) 27 (8.2)
chemotherapy
[n (%)]
Systemic therapy 5(0.2) 50 (2.6) 25(8.8) 7.1
[ (%)]
Radiation therapy 5 (0.2) 4 (0.2) 3 (1.1 5(1.5)
[n (%)]
Liver 11 (0.4) 6 (0.3) 0(0.0) 0 (0.0)
transplantation
[n (%)]
Others [n (%)] 12 (0.5) 5 (0.3) 2 (0.7) 4(1.2)
Supportive therapy 64 (2.5) 135 (7.1) 51 (18.0) 144 (43.8)

[n (%))

BCLC stage could not be determined in 268 patients
TACE transarterial chemoembolization
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and 15.2 %, respectively (Fig. 3a). When stratified by
BCLC stage, the median (95 % CI) survival times were
6.39 (5.96-6.85), 2.48 (2.34-2.68), 0.83 (0.61-1.03), and
0.80 (0.64-1.23) years in BCLC stages A, B, C, and D,
respectively. There was a significant difference in survival
among the stages (Fig. 3b, p < 0.001).

Univariate Cox regression analysis revealed that the
following factors were significantly related to poor sur-
vival: old age (p < 0.001), male gender (p = 0.003),
alcohol consumption >80 g/day (p < 0.001), BMI
(p = 0.001), Child-Pugh score (p < 0.001), maximal
tumor size (p < 0.001), number of nodules (p < 0.001), the

@_ Springer

presence of vascular invasion (p < 0.001), the presence of
extrahepatic metastasis (p < 0.001), AFP (p < 0.001),
DCP (p < 0.001), and AFP-L3 (p < 0.001). The presence
of diabetes was indicated as a better prognosis factor,
though with marginal significance (hazard ratio, 0.93;
95 % CI, 0.86-1.01; p = 0.08). BMI showed a V-shaped
hazard distribution: those with BMIs of 22.1-25 kg/m? had
the best outcomes, whereas those with higher and lower
BMI showed worse prognoses. We plotted relative hazard
against BMI using cubic splines. The V-shape hazard dis-
tribution was also observed in the plot (Supplementary
Fig. 2).
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We performed a multivariate analysis using the vari-
ables above, except that AFP-L3 was excluded because of
missing values. The results showed that age, BMI, alcohol
consumption, Child-Pugh score, tumor size, number of
tumor nodules, extrahepatic metastasis, AFP, and DCP
were significant factors related to poor prognosis (Fig. 4).
The presence of diabetes again showed no statistical
significance.

Discussion

In the present study, a rapidly increasing proportion of
HCC patients with non-viral etiologies was found. A sim-
ilar trend was reported in a national survey by the Liver
Cancer Study Group of Japan [18]. As the number of newly
diagnosed HCC cases in Japan was almost at a plateau
throughout the study period [19], not only the proportion,

Risk Factor Hazard Ratio (95% CI) P
Age (per 10 yr) , 2 2 1.20 1.12-1.29  <0.001
Female gender — @ 0.89 0.71-1.11 0.311
Diabetes -@r 0.93 0.82-1.05  0.215
BMI (kg/m?) f
<18.5 : Reference
18.5-21.9 ~——0+ 0.83 0.64-1.09  0.189
22.0-24.9 —— ! 0.59 0.45-0.77  <0.001
25.0-29.9 —e—| 0.71 0.54-0.93  0.013
230.0 —0—r—- 0.88 0.63—1.22  0.442
Alcohol consumption (g/day) '
=20 : Reference
2179 o 116 0.98-136  0.082
280 —0— 1.20 1.02-1.41 0.028
Child-Pugh score (per 1 point) 2 ® 1.30 1.26-1.35 <0.001
Maximal tumor size (cm) ;
<2 H Reference
2.1-3.0 —e— 117 0.96-1.43 0112
3.1-5.0 |—@— 1.28 1.05-1.57  0.017
5.1-10.0 I 1.63 1.30-2.04  <0.001
>10.0 5 —e— 2.67 2.04-3.50 <0.001
Diffuse , —— 3.00 2.04-4.41  <0.001
Tumor number ;
Single E Reference
2-3 e 148 1.27-1.73  <0.001
4-5 , @ 2.29 1.85-2.85 <0.001
>6 ! —— 242 2.01-2.90 <0.001
Vascular invasion —— 1.34 0.96-1.89 0.086
Extrahepatic metastasis E —@— 1.81 1.48-2.21  <0.001
AFP (ng/mL) '
<20 H Reference
21-100 e 146 1.21-1.75  <0.001
101-400 i —@— 1.86 1.48-2.34  <0.001
>400 ' —e— 1.92 1.62-2.28  <0.001
DCP (mAU/mL) i
<100 ! Reference
101-200 —®— 1.10 0.88-1.38  0.390
201-400 —o— 103 0.81-132  0.788
>400 | —@— 1.31 1.10-1.56  0.002

{ i I 1 T 1T 1TTT1T1

0.5 1.0 2.0 5.0 10.0

Hazard Ratio (95% Cl)

Fig. 4 Multivariate Cox proportional hazard regression analysis of
survival. AFP alpha-fetoprotein, AFP-L3 lens culinaris agglutinin-
reactive fraction of AFP, DCP des-gamma-carboxy prothrombin AFP
alpha-fetoprotein, AFP-L3 lens culinaris agglutinin-reactive fraction

of AFP, ALT alanine aminotransferase, Anti-HBcAb anti-hepatitis B
core antibody, DCP des-gamma-carboxy prothrombin, IQR inter-
quartile range
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but also the number, of patients with non-viral etiologies
was increasing. As a risk factor of HCC, alcohol con-
sumption has not increased over the last two decades in
Japan according to statistics from the Ministry Labour and
Welfare in Japan [20]. In contrast, the size of the obese
population is increasing rapidly due to changes in the diet
in Japan. The proportion of patients with diabetes has also
increased in the past three decades [21]. It seems reason-
able that the rapidly increasing number of HCC patients
with non-viral etiologies was largely due to the rapidly
increasing obese population.

Among non-viral chronic liver diseases, the natural
history of AIH, PBC, and alcoholic liver disease are well
known compared with that of NAFLD. In these three, HCC
ordinarily arises through cirrhosis after long-lasting chronic
inflammation in the liver [22-24]. Indeed, liver cirrhosis
was a complication in more than 80 % of those patients. In
contrast, the proportion of cirrhosis was smaller and
platelet counts were higher in NAFLD patients than those
with AIH, PBC, and alcoholic liver disease. It has been
reported that a significant proportion of patients (41.7 %)
with both NAFLD and HCC are not complicated with
cirrhosis [25]. That a significant proportion of patients with
NAFLD or unclassified etiology were not complicated with
cirrhosis suggests that to characterize a high-risk popula-
tion within them would be difficult.

In this study, almost half of the patients were compli-
cated with diabetes mellitus. According to a systematic
review investigating the relationship between diabetes and
HCC, the presence of diabetes is an approximately 2.5-fold
risk of HCC [26]. Judging from the wide variation in the
proportion of patients with diabetes among the etiologies, it
seems that diabetes correlates more strongly with hepato-
carcinogenesis in some chronic liver diseases, such as
NAFLD, than others.

In this study, we defined NAFLD as a history of fatty
liver and alcohol consumption of no more than 20 g/day.
As shown in Table 1, fatty liver was not diagnosed by
ultrasonography at the diagnosis of HCC in approximately
30 % of patients with NAFLD-related HCC. Those patients
would be categorized as unclassified when a history of fatty
liver was not confirmed. That is, a significant proportion of
those categorized as unclassified could be burn-out non-
alcoholic steatohepatitis (NASH). Similarly, alcohol-rela-
ted HCC could be included in unclassified patients because
approximately 40 % of the patients in the category were
moderate drinkers. In the first place, it might be unrea-
sonable to categorize those patients clearly, because mod-
erate alcohol intake, obesity, and fatty liver are mutnally
correlated and may have a sypergistic effect on
hepatocarcinogenesis.

Occult infection with HBV represented by the presence
of antibody to hepatitis B core antigen (anti-HBc) has been
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considered as a risk factor of non-B, non-C HCC defined as
negative for both HBsAg and anti-HCV antibody [27, 28].
Indeed the prevalence of anti-HBc antibody was higher in
this study compared to a previous report in blood donors
[29]. It is also to be noted that those with anti-HBc anti-
body may include chronic HBV carriers with HBsAg loss
before the diagnosis of HCC, who had significant risk for
HCC [30].

Patients were diagnosed at less-advanced stages than we
expected. This is partly because all participating hospitals
were tertiary care centers. Those with terminal stages
diagnosed in primary or secondary hospitals were unlikely
to be referred to the participating hospitals. In addition,
41 % of patients were followed by imaging modalities
before the diagnosis of HCC. As a result, a large majority
of patients underwent radical therapies, such as hepatic
resection, ablation, or TACE, as the initial treatment.

Prognostic factors for HCC have been investigated fully
in previous studies [31]. However, to our knowledge, this is
the first report of the detailed relationship between BMI
and survival in HCC patients. Indeed, BMI showed a
V-shaped hazard function for death. It is well known that
the relationship between BMI and all-cause mortality is
V-shaped, with a BMI around 22 kg/m? showing the best
prognosis. However in this study, the lowest relative hazard
was observed at a slightly overweight BMI. We had
expected that the best BMI would be around 22 kg/mz,
because obesity is thought to affect hepatocarcinogenesis
in this cohort and may affect recurrence after treatment.
This would be because the relatively underweight patients
included those with more advanced disease. However, the
trend remained after adjustment for other significant fac-
tors, including those related to the tumor. Overweight
patients may have some advantage versus underweight
patients that we did not investigate.

The presence of diabetes did not affect survival in this
study. One meta-analysis reported that the presence of
diabetes increased the risk of all-cause mortality in HCC
patients by 1.38-fold (95 % CI, 1.13-1.68) [32]. It is quite
reasonable that those with diabetes had additional risk for
death from cardiovascular, cerebrovascular, infectious or
renal diseases. Some kind of biases might exist behind the
fact that the presence of diabetes did not worsen the
patients’ survival, which needs further investigation.

Most of the major limitations of this study relate to its
retrospective design.

(1) Because the major data source was a database
maintained by each participating hospital, some data were
missing. Patients who were not registered in the database
could not be entered into this study. However, the pro-
portion of patients with missing data on important items,
such as alcohol consumption, was less than 5 %; this would
not affect the overall results. (2) As the amount of daily
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