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1. $ERR - IBRERECSTDEBILEFHRIREIL
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key words type 2 diabetes, obesity, insulin resistance, gene expression, mitochondria

B m

AR, 2HUBEIRE - IEERE N, SRRV -
FIEPCMAE, FRHBRRERT R ESH T
ERICBWTEBER 2y b7 — 7 BB THIE
TAHILEMEBINTE T, R THAEE, BE-
EH - RER#HOASELLT, ZhoDEHF
ZELCEY, BETHERAZY I v 7 I&LLE
5L TEEOEEEZHERL T2, BRI,
BRE, BXU0Z2ns0&ETH 5EIREELL,
K o, EREHEE T DAEREEC FR OB
ke & #ncfEd 4 v R VIRBIESRE (S
LTV 5 AL D 5.

—F#, AFENREERTRITZRICDET S
Genomics s U 7208, —RIEROHICE
J BB ANOBARA T TH S, REMELIK
(PBMC) 132 5%21K b khs, 2BEERRKICE
RS 24462 b LR - RIE, BXE, LEESHFHE
WHERT 2 E L &b IBEIN, RBEETFZ2E
fL&¢s 2 & CHEMR Y b7 — 7 OB Rk
LTCOBAREHED D 5.,

AT, BREES B X UHERHE BE O iR
BXUPBMCTHEL TV ARKREET /v 77
AN ERBARY 24 OBFTAORRLE 2T L,
AR R ZE ORI A v A Y VEHEZERT %
AREME R EZL 72\,
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A. FREERFEDT > R ViEmEZRAT
SATREME

20074 @ OECD Health Data (http://www,
swivel.com/graphs/show/28649976) = X #iZ,
BMI 30kg/m? o Ao#El&%2R %5 E, HEA
R 1207, KEAD30.9% 3L, 3.6%iC
TELR, Kb sT, HAATHE, HEN
R 72 S & BIAREEAG 2 D e HY B REB R A
WA 20D HAAORB R I ISt D
HEEIBEbL-> TR EEILEFESIX, AFF
Uy 7y v Fu—LoRRBAMTHBET LV a—
NEREIIT (NAFLD) HE O RESR L ERE
DOREE R BT L R, &E, %, BMITHIE
LTh, FolEiit, RiE, iz rR) v
EHEREE ARCBEELTEY, I5IKAEVD
WHEREMIET 5 L, FFREIHLO AL TA
YR VEHiEE FRIL TR,

B. AX&Esk NFREGFRRETAT 7
1)

WHKEIC & o TEL DA v 2 v
EYitEZIZ U LT 5 2RIBERIROREETEKT 5
STHEER BN T 570, FH S, Serial analy-
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sis of gene expression (SAGE) ¥ X fDNA
chip, Real-time PCREDFEHEZBRHEL T, & b
FEI D A RS T2 B L <=7,
in-house cDNA microarray % Real-time PCR
HBEAW@TIcL Y, BEORBENF2HT 52
RIFERRBE O <X, B - IRERH, ZANR
HORESEFHTZ L L LI, L DBEEBETICE
Hd4 % &, TGF-B BMP7Z £ DTGF A — /8 —
778V — L ZDTHTHEMEMS LB VEGF®
PDGF 7z E o g #i 4R F, % L T plasminogen
activator inhibitor-1 (PAI-1) a5 —4» 7%
D5 DEIIRBEIGEE & FHlg OB I (e i 1
Y 2 £BEEWE S Z 0 5 OXFEOBIE TH
BHTEL T3 2 E b Y, BINREE(LEY
T ERMELBIE S FIE 7 e A =2 L CB
D, IR T TR A AR & S L,
PAL-1 I3 EML 2 BHE T 2 T & TR R 2 IHE
T 5., 51z, ERSNb - - BE DR TIZ,
IEEEEBEHZFOBIC L, £ 2 Y ViEbik%
BT HREWEYA P A THBTINF-, B
WREETL. - SRHELBDEPAL-l DR BETFY, B U
FERRHEL D HEfREE b ELZ L=V - PV ¥4 T
Y RCHEbLIBETY BEERL VL,
FFig I 3 1) 3 PAI- 1B E T REE MM PAL-1 L
)V ERRICHBT 2 HED 13, MFPALL L~
WK E 53 2 AlREE 2 "R T 5, & FIEH
P A B E > 5 28 THLE-5b Ml % A Vo 72 8R3F i &
D, TNF-a & 7v¥F T v ROKKIE—H 70
A+—27 LTCPAFI KB 2FET 22 L7, €F
TN Y v ERYF VT DTNF- a FEM:PAI
ARBEWHT 22 ook, Zhe o
R, BERWEE & CIESREBOIFIE T, 3 TIc
A YAy, BIREE G, R oRE
TR AT 7 MR BB IC B 5 Z L 2 "R T 5,
%, MW & BRI O LR e C BRI MEIT & 8
FDOIHHEERD & 2 v I MEIFEERY o
WL 7= FPRIRTFCTH-7-. 7, HAANAFLD
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BEOHERFEANBRE LB 1-EE 5ok
TR, BRI v b — s, BRICL K

LT, NAFLD B3 DLk E 2 FRIL Tw
7- 10).

FENiRLR% & FFIRD 2 v b 7 — 7 I3 REHEE 12
DB EEE R Y b7 —2 D Th 2ohLE
ELEZ oS, HGEEZFITE T 5 NIRE MR
H12R D A e 5> 22 BEME 2 F I3 PR % £ L HFR
ICHEZAL. RO, 4 > A Y v RS2 MTTEVER,
T LER 2 67 2 IERMilEdce 7 74 R 2 2
F DEBELENER TH S, 4 A P
LIENiIF 2B T 2HEETIX, ME7 T4 R 22 F
VURLADEMETH S EICMAT, FEcET
5774 R0 F VREKDOFTH, AdipoR2
BRI FBUR T L Cuazz 1D,

C. 2RERREEDHIRTEEH T 208
NRAIxA

ERDOBERD ¥ =TIz Z, KA SR
ARGV 03 2 BUBE LRGN - BERHE DR RE 2 TR
LW ARESEDSH 5. X 51, 2RIBERAE M
WHE ISR THEBETH 5720, 203 FORE
BEDOATRREBLHHTE AT L 218
<, kR £ D ontology # & L 7%
BMNRAY 24 DEEZ ST 2 LRD SN
TWa, £7, 2RIERKEES L LBEASLD
HFRBLEE T % SAGE ¥ % F v CERIEMI AT L,
a— FEHOMBEARBENICTELZEZ 3, 2
RIBEIRGEE O CIIOWERIZb ELT, 3
Favy FY7EAZ3— FT 3 EETHOKEN
BRITEL T»? (1), X512DNA chip
Hz AT X ) B ORERIE BRSO FFFRELEE T
707 7 A NEBEN LR, 2RBEREEE D
HlETiEs Fav Py 7EEBET DL TH ATP
PEE % FH 2 B{LK Y v #{t (OXPHOS) Bd#
BRI HAMICHEETEL Tw? ("1),
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£1 2URERFBEONRICEVT, ERESHOBHRT, HRANERNICHRRERDTS
IXNF—REIRV 1 CUR13 & hWE)

Pathway description No of genes LS Permutation P KS Permutation P

Glucose metabolism

Citrate Cycle (TCA Cycle) 44 1.00E-05 1.00E-05

Pyruvate Metabolism 69 1.00E-05 1.00E-05

Pentose Phosphate Cycle 47 1.00E-05 1.00E-05
Lipid metabolism

Fatty Acid Biosynthesis (path 2) 23 1.00E-05 0.00038

Ceramide Signaling Pathway 49 0.00238 1.00E-05
Mitcohondria

Oxidative phosphorylation (OXPHOS) 144 1.00E-05 1.00E-05

ATP Synthesis 66 1.00E-05 1.00E-05
Protein metabolism

Proteasome 30 9.00E-05 1.00E-05

Selenoamino Acid Metabolism 33 0.00043 0.22588

JEMEHE & NESH2BBRFERE, £4 104, 11A0FRBERIZTF 72 7 7 4 )V Affymetrix #£ 9 Human
Genome U133 Plus 2.0 Array % f\CEIENICHEN L, ZRNOHBIANICRELHTIRBE AR 27T, 2
R RE ICEESNb 5 &, RO 2L X—REF AT 2 A DR CHIARICHTITEL 7.

Cellular 2BVREFRYR FERERIR
component (Tags per million) (Tags per million)

2BIEIR IR @ Extracelular 123136 158322

®m Mitochondria 165001 98013
4

o Nucleus 37241 X16 33402

IEREIRIA m Cytoplasm 26997 25506

B Membrane 20130 20454

@ Ribosome 16179 14810
B ER 15600 12683
O Golgi apparatus 7017 4708
O Others 229462 230814

H1 2BERESIVCEEAORRICRET 2 BEFOMRBELR G 12 X h&E)
2EBERIRBE L LBREASADOFRBIRIZT 70 7 7 4 V% SAGE 2 i\ TEFFEN I 7
L, REBET2a— FEAOMBEARENICOBEL 2. 2RBERFEEDONKTIZI Fa
YFU7EH%Z 23— F T2 BETFHOREIIARICIUEL Tor,

OXPHOS B 11485 F D REBLY 7 ) L 2 fRYE FiERETH L I Na—R 7 7 THICTERL

{t. LT H D7 OXPHOS mean centroid ¥, &hE 7- Metabolic Clearance Rate & & IZHHBI L 72 12).
BMDOFPG L EEIZIEMHEBEL, IR Vi & 51z, OXPHOSERE TH# 1, FHEFERRE
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fof, TFAVX-RHUEEEERFEET, B
ERR R BEE S 18 & BIE L a3
LB, D EoERLY, 2EBEREEED
I ET 5 Sk ayv FY) 7 OXPHOS & T8
DFEBITUAE X, ATP % BB A L RS £
RiaTs T, E5i, BHBEEERZN
LTA v R v EHiER2E T T, FPEFRE0E
ZHEARERD 2. —F, 2EBEREEREDE
Y, BRI D DR IMmEALRS <z,
R & ¥z, OXPHOS:E S 7B 13 1 08y 1 FH
BTFLTwa 2 tamEIN., FRENB IO
BRBRENAIFEET /v 27 77 b= 2Tk
OXPHOS B FHESHFWICHIIL, Zho
D2 ADINE, BHAICEITS4 2 VEEZ
RO LATET S L BEINET, o
T, 2EBREEEOFERG THESI L
OXPHOS BB FHREDET I3 L ANUEHEETH
5 EBRRIN, I THZE X /- OXPHOS
EIEFORBITERA v R VIEFIEOERE & 72
LA RE I N DO H 508, KRS D 4H
BH5, Fl, TDXI)LRFARY 24 DIESR
RANLGABIAB 2 HHT 2 EROR T2, BHR
WOWBRBEN L 220 L,

D. IEREEEOHEBTCEEHTARH/IX
JxA

OXPHOS &5 F#E D Wi i F B T0E 13 L3 53
MH23ZETEHICTEEICIREZ LbhoT,

Z 2T, 2RBREERE ICERSNbE 2 LT
HPigIC & v CERNHRN I RELE T 2 2 2L
¥—R#ARAT 24 22— FT 2 RKEBCFRES
ML 719 (3%1).

2189 2 &K, 2RIBERE L 12 ARG A3 n
b, FcBWT, BERE X EFRER%
RS 285 FREOTHEIRN IS RBITE L 7. ks
RDOIRET R L LT, BHiREaL 25
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0 — VAR BHEIETTH & 72 5 NADPH &K%
A F v % £ # ¥ % Pentose-phosphate cycle,
ATP % #4653 % TCA cycle, Dihydroxyacetone
phosphate # branch point & L T glycerol-3-
phosphate dehydrogenase % #t# ERP5Is % & 3
3 HRPERRIF AR, ZHcki = L IR ARR - 4
BR 2T 2B TR AN IC BB IUE L
7z, I OEREETORESEEREN 1ZH
HInTwseing, BERORBEYLLT
Acetyl CoA, MERRRMRILDORHMEY & L T Acyl
CoOANZNZNOXPHOSREMDIE L LTS b
AVFIYTIHATS., BZ26 20X EE
DBREIFA %221 T, OXPHOS Z WK § 2 BB
TRBHRNICERFEINL (K1) WK
25,

WA, BAREHIA v 2 VEHitER LA v
7 LBE Y R R T AR ARG I T
W5, BHAKFRZHIHT % mTOR-S6 Kinase %
BOEHALHEROHE 'S 4 > 2 ) VisHiE
ZHEERITZLE, AuY—fRPA 743
Y ORBERIHL 5 5 LR E N 190,
—77, FESIL, RS O CRIRNER
DEFREHES Tu T 7Y — LAREEERT 385
THOMANICHRETLET 2 Z L2 RHL (1),
R L ORBER IS DI T 5 720 I BIEH BRI
ZEDTVLLEIATH S,

E. 2BRABEEDREETRT SHR
FFARER R B E H DR

RADERETH Y JWEHDOFEREERT
& % fFligic I3gaR = v b7 — 2 2HIHT 2Rk
DENVEY, THROENSI A VBEET S Z
EBMEEINTELD, 205 DFEIE & BHTIEER
EA+4r<TdH %, % ZT, SAGE, DNA chipf@
Wi o JIBETFERPS, 7 FARTFFD
BMEZETHLHAINZEBET, 2wl
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Glucose

Hexokinase2 2.00 f/
e Glucose-8-phosphatase 1.57

Glucose phosphate isomarase
Fructose-8-phosphate 134
NADPH + H* Phosphofructokinase
1.33 10w s Fructose-1,6-bisphosphatase 1.38
Fructose-1 ,6-?Isphosphtte
: Glycerol-3-phosphate dehydrog
1.63
; Ohysron i cyeeroba
3.phosphate Phosphate 4 B =
prre. .E -31.3333 G‘y - l._’de_3_ph" o . /
2~Phospho|;wceme dehyd{ jg:nase i ‘ ' GoA
4 Long-chain acyl-CoA synthetase
Cytosol _ 3 e

= Oxaloacetate

+ Mitochondrion

e Malate
p Acyl CoA

OXPHOS

Fatty acid synthesis

2 2BERBICIESEL NS L TRALEHT 55 - FEAHERBERETE CURIS L HKE)
RERE L T ARRELER T 2REFRNEDICHRETLEL -, BHR»OIRETIREREL
<, BB L 2LV AFu— LV ERICHEREILA L s 2 NADPH & KFE A~ 24445 § % Pentose-
phosphate cycle, ATP % #4493 % TCA cycle, HERFEREGR - 77ff% %2 MR 2 B{ZFHELSH R ICFE
HiGEL7., AR (P<0.05) HETHET 2 BETERTRT

Gene ontology cellular compartment T extra- BHTH -7, in vitrok & KVin vivo D5 5,

cellular i3 FEHI N2 BEFICKD, HERLE SePix, A7 &b —BIc AMP ¥ +— ¥ D15

Ke—Ah—0f#E2zBE L Z0kIRTT MElzN L TL2EBDA v 2 VETiEZE Sk

u—F7T, 4 AV VG, B &2 L, BiR#EREET 2 2 Ltbhok?), 20

Bia v b o—)L L BT 2 FlRH R ER 2 — fERIZ, & bRy v Iz e TERESR &

FEEFZHEDIAATL. DOBE%E b LI DAL BEEELEF Y Tu—F
INSDOHFT, b MFETORENS YR ¥ B, BRSBTS ERDR 7Y —= v ZIZEH

P E & OEILRE & BE § 2 REE~ S b A A ThHhHILEETRT S,

vEilLTxV/ 7u5 4 P selenoprotein P

(SeP) # [l5E L 722V, SePix iz Pl CrE4: &

NADFENS0F N+ v OFWERT, HA

WRITETHL Ly ORPEER L L THEET 2

ZEPHIS T, BEREICEZ 2 FERERA
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II.

R B, ERTETOMES

HREIZBTS
RIEFFETEE
BREOEEET—N—  BRAEORETNV—H— -
TNK #2385 OXPHOSIEH 15
-7 0 #EE
P=0.0040 P=0.0045 05 * *
P=0.00046 P=0.00019 T | BREEE =
0.5 0.8 —” 5 0
0.4 T 0.6 S 9:00 15:00 21:00 3:00
300 5 oul @ Clock time
B 02F 8 9
g o.; L g o.z L u%_ -
E |l 2 1.3
é -0.2 + ; Ry 1.1 ..e ®
S 04t ®
o3l 0.9 i
04l 06l
U I AEAT AME  JEMRM ol T
T4 5 6 7 8 9
HbA1c (%)

E3 FREMmEZKR (PBMC) OBEGEFRR7O77MIIERABEOREEFMTS CLER16, 25 & HWE)
A, B: INK#EBEE L N OXPHOSEE 2 B T 2 Bz FREOHFNWFKIRES (FH+SD)

A: JNK mean centroid IZBFREH CHUETFICH LERICEMET, Moy ta—nick h B L 7,

B: OXPHOS mean centroid iZ#5RFFHF CEEFICH L ERICEMET, Mo o —ic k h 287, Mo

Yiu— L EEHICHUKETH - 7.

C: BERIEEEDPBMC TIZPERI 213 L & & T 2MEHRGETFO U XA MFEEMRIIL <Y (1), zofEEIzm

Biay ba—ukEETH- 7 (F).

F. REMEBEZROEEFRRTO7 741
IO 2BBRAEEDREERRT S
ATREHE

Fehd Z &, 2HIBERIE I, EHRA P LR -
RIERBHRE, ShEaRERBERT 2 ESRTD
M2y b RUR L CRIET 5. EES
1, ARWEMEKER (PBMC) 23, 29 Li%¥k
HFicso3INT, BEEFREEZIAFIv I
ZALIE D L THREEERIRL TV 3 AR
HL7. 22T, BRWEOGE, BXOEMEE?
RW§ 5 PBMCREBE TR Y = 4 2 L,
ZNSDOBHEEMIL 219, 2RBEREEES X
DEFEREE L ) PBMC2 BB L, DNAF v 7

ZRVWTERDOS 2 BBELBTFE IR Y 24
ZHIH L7, BEREOHMETP <0.0005 & KE <
REZLH L TRy 24 0T, Mz b
O —)LIZ &> THE L 7 MAP ¥ + — &g —
2 T& % c-Jun N-terminal kinase (JNK) &%
ZRIEL 7. —H, BRBEOEETERIEH L,
Mmavy b —NickoTEEHLEWI Fav R
Y 7EALE Y AR (OXPHOS) % [FH%E L 7=,
JNK & OXPHOS Wi#%#% % R $ %, &% 99, 77
BETFORBEL V2L L, fiEf L IcF
{t.L 7zmean centroid #R &7z, JNK mean cen-
troid I3 FFIRWHE CRFEHICHK L ARICEE T,
Mma vy ruo—nickhikEL Z (X34A),
OXPHOS mean centroid i8R #ECREEEE I
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HLAERICEMET, MEay be—ick hZElL
9, Moy tu— L BLEEEICHLEM/T
Hot: (K3B)., Riz, &4 DEHOHRAVERS
F-HE & BE T 2 BRI DIRER MRAT L 72, INK
mean centroid i%, Iz Fo—LORETH
% Z2fE R s fE 5 X O'HbAlcfl & B 2 IEAHE
ZR L7, —J, OXPHOS mean centroid i %G,
MEaryre—L, WIFNOWHEEL bEEIZE
o719 K& OBETRD © PEDE 108
EF2BERLT7PVIY XL2ERLILET S,
INK &2 Mo > b v — Vit %, OXPHOS
REIIHERROEESZ, 80~90% DEWHEERT,
WENSLERICBH LA, M EoRRIZ, KW
MEBZIRICB T 2 REBET 707 74 V2328
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BACKGROUND & AIMS: Nonalcoholic steatohepatitis
(NASH) can progress to hepatocellular carcinoma (HCC). We
aimed to characterize the clinical features of NASH patients
with HCC. METHODS: In a cross-sectional multicenter
study in Japan, we examined 87 patients (median age, 72 years;
62% male) with histologically proven NASH who developed
HCC. The clinical data were collected at the time HCC was
diagnosed. RESULTS: Obesity (body mass index =25 kg/m?),
diabetes, dyslipidemia, and hypertension were present in 54
(62%), 51 (59%), 24 (28%), and 47 (55%) patients, respectively. In
nontumor liver tissues, the degree of fibrosis was stage 1 in 10
patients (11%), stage 2 in 15 (17%), stage 3 in 18 (21%), and stage
4 (ie, liver cirrhosis) in 44 (51%). The prevalence of cirrhosis was
significantly lower among male patients (21 of 54, 39%) com-
pared with female patients (23 of 33, 70%) (P'= .008). CON-
CLUSIONS: Most patients with:NASH who develop HCC
are men; the patients have high rates-of obesity, diabetes,
and hypertension. Male patients appear to develop HCC at
a less advanced stage of liver fibrosis than female patients.

Kej»words: Liver Cancer; Incidence; Sex; Retrospective Study.

Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide and the third leading cause of cancer
mortality.! HCC mostly occurs within an established back-
ground of chronic liver disease and cirrhosis. Although the risk
factors for HCC, including infection with hepatitis B and C
viruses as well as alcohol consumption, are well-defined, 5%-
30% of patients with HCC lack a readily identifiable risk factor
for their cancer. It has been suggested that a more severe form
of nonalcoholic fatty liver disease (NAFLD), namely nonalco-
holic steatohepatitis (NASH), might account for a substantial
portion of cryptogenic cirrhosis and HCC cases?

NAFLD is one of the most common causes of chronic liver
disease in the world3* NAFLD is associated with obesity, dia-
betes, dyslipidemia, and insulin resistance and is recognized as
a hepatic manifestation of metabolic syndrome. The spectrum
of NAFLD ranges from a relatively benign accumulation of
lipid (simple steatosis) to progressive NASH associated with

)

fibrosis, necrosis, and inflammation. Despite its common oc-
currence and potentially serious nature, relatively little is
known about the natural history or prognostic significance of
NAFLD. Although prospective studies on the natural history of
NAFLD and NASH with a larger cohort are awaited, these
studies might be limited by the long and asymptomatic clinical
course of these diseases, by their high prevalence in the general
population, and by the lack of serologic markers for NASH. The
evidence suggesting that NASH can progress to HCC comes
from (1) case reports and case series,>® (2) retrospective stud-
ies?-12 and (3) prospective studies.>"'7 These studies generally
examined limited numbers of cases and follow-ups; therefore,
the incidence of HCC and risk factors for HCC in NASH
patients remain unclear.

The Japan NASH Study Group (representative, Takeshi
Okanoue)!8 was established in 2008 by the Ministry of Health,
Labour and Welfare of Japan to address unmet research needs
in the area of liver diseases. As a part of this mandate, the study
group conducted a cross-sectional multicenter study to charac-
terize the clinical features of histologically proven NASH pa-
tients who developed HCC.

Methods
Patients

We retrospectively identified and reviewed 87 Japanese
patients with NASH, who developed HCC between 1993 and
2010, at 15 hepatology centers that belong to the Japan NASH
Study Group'® and their affiliated hospitals in Japan. The di-

Abbreviations used in this paper: AFP, a-fetoprotein; ALT, alanine
aminotransférase; AST, aspartate aminotransferase; BMI, body mass
index; CT, computed tomography; DCP, des-y-carboxy prothrombin;
v-GTP, ~y-glutamyl transpeptidase; HCC, hepatocellular carcinoma;
HDL, high-density lipoprotein; MRI, magnetic resonance imaging;
NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steato-
hepatitis.
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agnosis of NASH -was based on (1) the histologic features of
steatohepatitis, (2) negligible alcohol consumption, and (3)
exclusion of liver diseases of other etiology. To determine alco-
hol consumption as accurately as possible, we reviewed medical
records in our institutions, and when patients had been trans-
ferred from other institutions, we also reviewed a summary of
medical records from those institutions. According to the med-
ical records, alcohol consumption was assessed on the basis of
a detailed history that was obtained by physicians and by
interviewing family members. Exclusion criteria included con-
sumption of more than 20 g of alcohol per day, positivity for
hepatitis B virus surface antigen, positivity for anti- hepatitis C
virus antibody, the presence of other types of liver diseases (eg,
primary biliary cirrhosis, autoimmune hepatitis, Wilson’s dis-
ease, or hemochromatosis), previous treatment with drugs
known to produce hepatic steatosis, and a history of gastroin-

testinal bypass surgery. The sections of nontumor liver tissues .

were reanalyzed by experienced hepatopathologists (T.O., E.H.)
who were blinded to the laboratory parameters and clinical
data. We excluded patients whose histologic diagnosis of NASH
was not confirmed by central review and patients with insuffi-
cient or inconclusive information concerning alcohol consump-
tion, body mass index (BMI), and laboratory data including
fasting glucose and lipid.

Of the 87 patients, 14 patients had been previously diag-

nosed as NAFLD or NASH and had been followed at our -

institutions; 73 patients had been transferred from other insti-
tutions to our institutions for investigation and treatment of
HCC. Most patients had been identified as having HCC during
screening, which included ultrasound and/or computed tomog-
raphy (CT) of the liver and alpha-fetoprotein (AFP) testing.

The diagnosis of HCC was based on liver histology and, in
the absence of histology, on typical features of HCC as assessed
by dynamic CT or magnetic resonance imaging (MRI) (ie, hy-
pervascular with washout in the portal/venous phase).!® Of the
87 patients, 49 patients were diagnosed-as HEC after hepatic
resection, 21 patients were diagnosed after ultrasound-guided
tumor biopsy, and 17 patients were diagnosed by dynamic CT
or MRI.

The Ethics Committees of each participating center ap-
proved this study. Informed consent was obtained from each
patient in accordance with the Declaration of Helsinki.

Clinical Assessment and Laboratory Tests

The clinical and laboratory data were collected at the
time HCC was diagnosed. BMI was calculated by using the
following formula: weight in kilograms/(height in meters).
Obesity was defined as BMI =25 kg/m? according to the criteria
of the Japan Society for the Study of Obesity.?® Diabetes was
defined as fasting plasma glucose concentration of =126
mg/dL or 2-hour plasma glucose concentration of =200 mg/dL
during an oral glucose (75 g) tolerance test or by the use of
insulin or oral hypoglycemic agents to control blood glucose.2!
Hypertension was defined as systolic blood pressure =130 mm
Hg or diastolic blood pressure =85 mm Hg or by the use of
antihypertensive agents.?? Dyslipidemia was defined as serum
concentrations of triglycerides =150 mg/dL or high-density
lipoprotein (HDL) cholesterol <40 mg/dL and <50 mg/dL for
men and women, respectively, or by the use of specific medica-
tion.?2

CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. xx, No. x

Venous blood samples were taken in the morning after
12-hour overnight fast. The laboratory evaluations included
blood cell count and measurement of serum aspartate amino-
transferase (AST), alanine aminotransferase (ALT), y-glutamyl
transpeptidase (y-GTP), fasting plasma glucose, HbAlc, total
cholesterol, HDL cholesterol, triglyceride, ferritin, hyaluronic
acid, AFP, and des-y-carboxy prothrombin (DCP). These param-
eters were measured by using standard clinical chemistry tech-
niques.

Histopathologic Examination

Nontumor liver tissues were obtained from all 87 pa-
tients to diagnose the background liver tissue at the time HCC
was diagnosed. In 49 patients who underwent hepatic resection
for HCC, we examined nontumor liver tissues that were surgi-
cally resected. In-21 patients who underwent ultrasound-guided

tumor biopsy, nontumor liver tissues far from HCC tumors

were biopsied separately. In 17 patients who were diagnosed as
HCC by dynamic CT or MRI and did not undergo either
hepatic resection or tumor biopsy, only nontumor liver tissues
far from HCC tumors were obtained by ultrasound-guided
biopsy.

The specimens were fixed in formalin, embedded in paraffin,

and stained with hematoxylin-eosin, with Masson trichrome,

and by silver impregnation. NASH was defined as steatosis with
lobular inflammation, hepatocellular ballooning, and Mallory’s
hyaline (Mallory’s body) or fibrosis.?*-25 The necroinflammatory
grade and the degree of fibrosis were evaluated and scored
according to the criteria proposed by Brunt et al.26

Statistical Analysis

Results are presented as numbers with percentages in
parentheses for qualitative data or as the medians and ranges
(25th-75th percentiles) for quantitative data. Comparisons
were made by using a y? test for qualitative factors or a Mann-
Whitney U test on ranks for quantitative factors with non-equal
variance. P values less than .05 from two-sided tests were con-
sidered to be significant. All statistical analyses were performed
by using SPSS 15.0 software (SPSS Inc, Chicago, IL).

Results

The characteristics of the 87 NASH patients who devel-
oped HCC are summarized in Table 1. The median age was 72
years (25th percentile, 69; 75th percentile, 75); the mean age
(standard deviation) was 71.2 (6.7) years. There were 54 male
patients (62%) and 33 female patients (38%); the male:female
ratio was 1.6:1. The median BMI was 26.0 kg/m? and 54
patients (62%) were obese (BMI =25 kg/m?). Diabetes, dyslipi-
demia, and hypertension were present in 51 (59%), 24 (28%),
and 47 (55%) patients, respectively.

The diagnosis of NASH was proved by histologic examina-
tion of nontumor liver tissues at the time HCC was diagnosed.
The degree of steatosis was grade 1 (5%-33%) in 60 patients
(69%), grade 2 (34%-66%) in 19 (22%), and grade 3 (>66%) in 7
(8%). One patient who showed less than 5% steatosis was diag-
nosed as “burn-out” NASH, because a previous liver biopsy that
was performed before development of HCC had demonstrated
typical histologic features of NASH. The necroinflammatory
grade was mild (grade 1) in 31 patients (35%), moderate (grade
2) in 45 (52%), and severe (grade 3) in 11 (13%). The degree of
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Table 1. Patient Characteristics

NASH AND HCC 3

Characteristic Total (n = 87) Male (n = 54) Female (n = 33) P value?
Age (v) 72 (69-75) 72 (69-75) 72 (68-75) .52
BMI (kg/m?) 26.0(23.8-28.3) 26.0(23.8-28.8) 26.2(23.9-27.7) .54
Obesity 54 (62%) 35 (65%) 19 (58%) .50
Diabetes 51 (59%) 31 (57%) 20 (61%) 77
Dyslipidemia 24 (28%) 13 (24%) 11 (33%) .35
Hypertension 47 (54%) 22 (41%) ,25/(76%) .001
Platelet count (X104/pL) 13.9 (10.1-18.0) 14.5(11.7-18.0) 10.9:(7.8-18.0) .05
AST (lU/L) 47 (30-59) 46 (27-60) 47 (35-58) 45
ALT (lU/L) 36 (26-55) 43 (26-69) 34 (26-42) A1
v-GTP (IU/L) 75 (40-115) 68 (36-177) 75 (40-115) .90
Fasting glucose (mg/dL) 114 (99-145) 112 (99-144) 120 (97-152) .59
HbA1c (%) 6.1(5.4-7.1) 5.9 (5.4-7.0) 6.3(5.2-7.1) .78
Total cholesterol (mg/dL) 169 (147-202) 169 (147-202) 169 (147-202) .62
HDL cholesterol (mg/dL) 50 (41-60) 45 (41-58) 55 (50-73) .03
Triglyceride (mg/dL) 100 (76-138) 118 (80-147) - 96 (74-116) .06
Ferritin (ng/dL)? 197 (74-401) 273 (154~703) 98 (23-172) .005
Hyaluronic acid (ng/mL)¢ 166 (67-241) 151 (69-244) 174 (61-332) .85
AFP (ng/mL) 7.1(5.0-18.0) 6.0 (4.0-14.7) 10.8 (5.9-18.0) .02
DCP (mAU/mL) 66 (22-298) 48 (22-243) 81 (21-942) 42
HCC tumor size (cm) 3.0(2.0-4.0) 34.(2.2-4.5) 2.6 (1.9-4.0) .18
Number of HCC tumors . o .78
1 65 (75%) 39 (72%) 26 (79%)
20r3 16 (18%) 11.(20%) 5 (15%)
=4 6 (7%) 4 (8%) 2 (6%)
Background liver tissue !
Steatosis grade .64
0: <5% 1 (1%) 1(2%) 0 (0%)
1: 5%-33% 60 (69%) 36 (67%) 24 (73%)
2: 34%-66% 19 (22%) 11 (20%) 8 (24%)
3: >66% 7 (8%) 6 (11%) 1 (3%)
Necroinflammatory grade? 22
1: mild 31 (35%) 22 (41%) 9 (27%)
2: moderate 45 (52%)‘ 26 (48%) 19 (58%)
3: severe 11(13%) 6 (11%) 5 (15%)
Fibrosis stage? .003
1 10(11%) 10 (18%) 0 (0%)
2 15 (17%) 10 (18%) 5 (13%)
3 18 (21%) 13 (25%) ) 5 (15%)
4 44 (51%) 21 (39%) 23 (70%)

Values are medians (25th-75th percentiles) or numbers (%). Where no other unit is specified, values refer to number of patients.

aChi-square test or Mann-Whitney U test.
bMissing data for 27 patients.

°Missing data for 29 patients.
daccording to reference 26.

fibrosis was stage 1 in-10 patients (11%), stage 2 in 15 (17%),
stage 3 in 18 (21%), and stage 4 (ie, liver cirrhosis) in 44 (51%).

The median diameter of HCC tumors was 3.0 cm (25th
percentile, 2.0; 75th percentile, 4.0). A single HCC lesion was
present in 65 of 87 patients (75%).

Data were stratified according to sex (Table 1). Compared
with female patients, male patients had significantly less hyper-
tension, lower HDL cholesterol and AFP, higher ferritin, and a
less advanced stage of fibrosis. The prevalence of cirrhosis was
significantly lower in male patients (21 of 54, 39%) than in
female patients (23 of 33, 70%) (P = .008).

Discussion
In this cross-sectional multicenter study in Japan, we
showed the clinical features of a relatively large number (n =

87) of NASH patients with HCC. The male:female ratio was
1.6:1. Men have higher HCC rates than women in almost all
populations, with male:female ratios usually averaging between
2:1 and 4:12 In the latest nationwide survey of HCC in Japan,?’
this ratio was 2.5:1. The reasons underlying higher rates of HCC
in men might relate to sex-specific differences in exposure to
risk factors. Men are more likely to be infected with hepatitis B
and C viruses, consume alcohol, smoke cigarettes, and have
increased iron stores.? Moreover, androgens are considered to
influence the development of HCC. With regard to the male:
female ratio of HCC associated with NASH, a male:female ratio
of 1.3:1 was reported in a summary of 16 published cases of
HCC associated with NASH.?® Ratios of 2.8:1 and 0.67:1 were
reported in 2 retrospective studies of HCC arising from cryp-
togenic cirrhosis in Italy (n = 44)° and the United States (n =
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30),° respectively, and a ratio of 1.6:1 was reported for 36 cases
of NASH-associated HCC from a single center in Japan.'S Over-

_ all, NASH patients with HCC are more often men. However,

these male:female ratios might be lower thari the ratios for HCC
of other etiologies, including viral hepatitis and alcohol con-
sumption.

Although it is well-known that male gender is a risk factor
for HCC in patients infected with hepatitis B and C viruses,? it
remains unclear whether male gender is a factor associated with
the development of HCC in NASH patients. It is now suspected
that there is an even distribution of NASH among men and
women.?® In another study by our group, the male:female
ratio was 0.85:1 in 342 NASH patients without cirrhosis and
HCC. The male:female ratio (1.6:1) of NASH patients with HCC
in the present study is higher than this ratio. In agreement with
our observations, a case-control study showed that the male:
female ratio was 1.6:1 in 34 NASH patients with HCC, whereas
the ratio was 0.69:1 in 348 NASH patients without HCC.}S A
recent prospective study indicated that older age and alcohol
consumption were independent risk factors for the develop-
ment of HCC in patients with NASH-cirrhosis and that male
gender tended to be associated with the development of HCC,
although this trend did not reach statistical significance.!”

The median age of our patients was 72 years. There was no

significant difference in age between men and women. Al- -

though the global age distribution of HCC varies by geographic
region, sex, and etiology, in almost all areas the peak female age
group in HCC patients is 5 years older than in male' HCC
patients.? In a nationwide survey of HCC in Japan,? the mean

" ages were 65.5 years for men and 69.4 years for women. The

male patients in the present study are slightly older than the
mean ages reported in these previous studies.

Consistent with the literature?-12 more than half of our
patients displayed obesity, diabetes, and hypertension. Obesity
constitutes a significant risk factor for cancer mortality in
general and is an increasingly recognized risk factor for HCC in
particular.3'42 In the present study, body weight was measured
at the time HCC was diagnosed. Because advanced HCC might
cause weight loss, it is likely thatour patients were obese before
the development of HCC. Diabetes has also been proposed as a
risk factor for HCC.2 Thus, HCC shares 2 major risk factors,
obesity and diabetes, with NASH.

Once cirrhosis and HCC are established, it is difficult to
identify pathologic features of NASH. As NASH progresses to
cirrhosis, steatosis tends to disappear, so-called burn-out
NASH.S As expected, the grade of steatosis was mild in most of
our cases. It was possible to diagnose 1 case without steatosis as
burmn-out NASH, because a previous liver biopsy specimen (liver
biopsy was performed 25 years prior) was preserved and available.
It is likely that many cases of NASH-associated HCC might have
been missed because of loss of the telltale sign of steatosis.

Most HCC arises on a background of cirrhosis. It is less clear
whether cirrhosis is a necessary predisposition for the develop-
ment of HCC in patients with NASH. Case reports of HCC
arising from NAFLD and NASH patients without fibrosis or
cirrhosis have been accumulating.33-3 Cirrhosis (fibrosis stage
4) was present in 51% of cases, and advanced stages of fibrosis
(stage 3 or 4) were found in 72% of cases in the present study.
Indeed, cirrhosis or advanced fibrosis appeared to be the pre-
dominant risk factors for HCC development. However, in the
remaining 28% of cases, HCC developed in patients with less
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fibrosis (stage 1 or 2). Interestingly, male patients developed
HCC at a less advanced stage of fibrosis than female patients,
and the prevalence of cirrhosis was significantly lower in men
(39%) than in women (70%). Although the reason for the sex
differences is unclear, these findings indicate that screening for
HCC is needed not only in NASH patients with advanced
fibrosis but also in those with less fibrosis, particularly if they
are men. Further studies are needed to confirm this potentially
important observation. Paradis et al®’ reported that in patients
whose only risk factors for chronic liver disease are features of
metabolic syndrome, HCC usually occurs in the absence of signif-
icant liver fibrosis. In addition, they found that some of these
HCCs developed on: preexisting liver cell adenomas. However, no
preexisting adenomas were observed in the present cases.

Compared with female patients, male patients had signifi-
cantly higher serum ferritin value. The normal value for ferritin
varies according to'the age and gender of the individual. Adult
men have serum ferritin values averaging approximately 100
ng/mL (range, 75-250), whereas adult women have levels aver-
aging approximately 30 ng/mL (range, 20-75).3 Thus, normal
men have higher ferritin levels than women. Elevation of ferri-
tin: levels is associated with NASH.3® Because we excluded pa-
tients ‘with alcohol consumption as rigorously as possible, we
believe that alcohol consumption did not contribute to the
elevation of ferritin levels in our patients.

' The median diameter of the HCCs in the present study was 3.0
cm, which is equal to or smaller than the size of previously
reported HCCs 210122837 This is probably because most of our
patients had been identified as having HCC during screening. A
single HCC lesion was present in 75% of patients. For early detec-
tion of NASH-associated HCC, vigilant screening is important,’
and the development of serologic markers for NASH is necessary.

The mechanisms of carcinogenesis in NASH remain to be
elucidated. Possible mechanisms include hyperinsulinemia
caused by insulin resistance in NASH, increased levels of insu-
lin-like growth factor that promotes tumor growth, increased
susceptibility of the steatotic liver to lipid peroxidation, produc-
tion of reactive oxygen species and subsequent DNA mutations,
disordered energy and hormonal regulation in obesity, and aber-
rations in regenerative processes occurring in cirrhosis.”

Certain limitations should be considered in the interpreta-
tion of our findings. First, the cross-sectional study design
hinders the ability to draw inferences regarding the causality of
NASH in HCC. Second, the study did not include a control
group of HCC patients with other liver diseases. Third, there
might be a bias in patient selection, because patients were
retrospectively identified as having NASH-associated HCC. Fi-
nally, although our patients were negative for hepatitis B virus
surface antigen, it is still possible that occult hepatitis B virus
infection might be associated with the development of HCC in
some of our cases.

In summary, we showed the clinical features of NASH pa-
tients with HCC. NASH patients with HCC were more often
men and frequently displayed obesity, diabetes, and hyperten-
sion. Our results suggest that male patients might develop HCC
at a less advanced stage of fibrosis than female patients. Further
prospective studies with a longer follow-up time and larger
cohorts are needed to determine the causal association of
NASH with HCC and to identify risk factors for the develop-
ment of HCC in NASH patients.
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