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abstract

A2 X ARMENFET L O — LIERERERT A (non-alcoholic steatohepatitis:NASH) /FE7 L3 —
JUHERERAE BT ®R  (non-alcoholic fatty liver disease : NAFLD) DOFEH#FISECEESEL TV Z
ElE, LETE VB OMREICL > THEBBINTHY, 12X AARAMAREEIEINASHERED
EHLBME L GERINTEE, 10X VERMSERL LTRRNEHDELTRFTVY
SURBREET T RROERDE TSNS, EX T ULV CBRARFOFT I T FEEK

THd3ALTIVEJ LR FEBEDORIERF Panz enb,

N E TICHEBONAFLDDER

FRETRI &N, AWM E2RBHI/EN EELTWVWSE. SR, LWER - BAROWETHEE
D INAFLDDREEICH T 2 BB ERYD, TORBIEICHDEARBREDRE£1T) JEVER

ERETH.
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A4 VR VIEERO pHIRTEE SN, REHEE
(FICBHH) TIEBEOR) AAMMEE, FETIEF
MBI B 2EIEOHHIERE AL, BEROTE
RIE LR 2 WHT A BEE L TWAE. BERFOH
HBRETIE, 4 YA Y OMEMETT20ICK
FEARRE I X A FEDI Y AL IEIE & M D¥E#T 4 D
TLEDHEZ Y, BAMBRTIEL LA YR Y DB
Floywae &, ZOREEA YA VT ERR
LY, £ VA VOMEIET T HHFELTIE,
PR BE RS O ¥ AN AE 9 IRRFMEERER D T 7 4 A A
M A OGRS, mrbERERIROEN BE
MEFOEN L ENBEELTVREEEZLNRTVA.
4 YA VEFRHEIERFOAL 5T, BIUE, F§
HEFEOREIIORCEELTEY, ARy
7Yy Fu—AOREERICBIT52H0H2HTFL

LTELB DN TWS,
BRFBEICEERSS N L RUATE iR
NT W7z, 4, FE7 Va3 — VR & (non-
alcoholic steatohepatitis : NASH) DFFEDIL < 72
HMENBIZHz), NASHORREE 4 ¥ R VK-
HOBEMEER SN, SROMEFfTDNE LI
ol FORER, 4 A YEREEFER
LD A% STHOKE, ML, R, FHEESE
%Y, HEIZblo TNASHOREMARE IS LT
WA ERREINLYY, TV ERLL,
A v 2 VIR EESNASHO ERE T
ABRBIERB I NV DIELARN LRI EThHo Tz,
SERRBFTVY) Y VFEME, ELTEST A
FHEIIZZDAL v ) VIEFURERORRN 2D
T, WTNbBRROBEEL L TREETE X1
TURIP»LBRTER SN T2 DTH S (R1).

* | ERERPEFIHECEFAREIH
*2 JEREXRFEFEHCEARIERIS
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FTVN Y FEEIEEREEOEARERIC
BRSNh, MERTERE2ETLIZEFMbATY
7279, BREBEA—/I—T773)—DVEDT
HHRVFFV V- MEEEZEE (peroxisome
proliferator activated receptor : PPAR) y DU 7
YRELTERTAZEVHLNII R 2722 25,
IDERBENS X)o7, PPARIGEIZFHT
WKLo TUAY PRI IRAINT, whW
A —77 vEREETHo7. PPARIZa, f/6,
Yy DIDDHT I A THHY, MBI Lo TREN
£7% 9, PPARy \JIERHAM, HREMERICHEICH<
ZHEL, HA, FRICLREALTWE. FT7TVIY
VEHMEKIIPPARYy DY A FE LT L, BBES
MBOSLHEE < ro77—TY0MEs L NESR
ICER%ETA I EDRENTD, £OEPIZLHF
OREFEIF, BBHOEORY AHEE, eI
ROT 74 RA 7 F v ORwARHE, IR RD
TNF- a O73WEHE & v ) ZIRITH 7 5ZRIFED
b, BHOTOEATRENIIA ¥R VEHHE
RRELELIEDHLMIIS N BRKREICE
T AT ar) ¥V rhaRMICERILS R,
199742 F 7V ¥y FEAEL LT TRIREER
ihi:. Lal, Zo#—#Hoturs) sz
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ELLBECHEENEZY, BHEFRDILDRET
Bl W=7, 2000FICIERETRFEICEZoTLES
2. bV 20F TN IV FEEKTHLEL S
) &V ZENTI999E ICRIRERT S /-2, FFE
EFELZLIKWFTYV Y VU FEEAE LTBRED
BRTHEHAENATVS., ) VEDDFTV) IV
FEELLTIIOY )V VB, KETIIE
MENTWED, KPTIEFAEFERTE R, HE
KETHRE S NS HRERO I F— MFET, O
NS BESOBER, EX )y UVIEo
THESN TV BE LB L THAREICOHEER
DAER EOREENFW EHE SN, B L
RBICHLTREAZ) SV VICERP LD HR
Lot
NASHIZ#T 5 F7 V) ¥ v FEAORRICET
LHEBHMFEIIINETIIEHBEESN TS,
Kawaguchibid, S v MIay Y RZ7 3 BRM
gr5z, A7) 8V U ERBICERMNT S EHD
BRH{LE & UMM S WA e HE LAY,
72, OtabiZfBiZ v hOOLETFIZa ) ¥ X F %
v RZE+BIEELZ TN L CRELZ S B
HIFRERESE, RARCET 7Y SV 25T
BE, MA774 R A2 F O8N, FIEHLOR
4, MEALTOET, EHCEMBORL %2,
BF4A#% 7B D transforming growth factor (TGF) - 4,
sterol regulatory element-binding protein (SREBP)
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2
FTIIT BEBEONASHICH T 208

-lc, MERAERERLEERE (fatty acid synthase : FAS)
DEAVENFIETLTWE I EZRLEY. b
NONOFEETL LRI L W FRRBICHT 247
VIV CORFEEFEBELTEY, FTEXTIY SV
YHEBELZT v RN OGS LT
BMEERTILEFRWAL, 20024 128 L7210,
RETIE, 41 Y2 YEEREBEZRTE#< 7 20
KK-Ave 7 22 VW TEBETV, KK-AYYY R
BIaAYha—ey AL L THBEERMETL
TBY, X7V 25354 R ViR
MR EL, FEEEISERTHIEERLY.
INnLOHER, EF ) 5V U BNASHOFRREIS
it UCHRRRIL, RIE, ML v o omBDOER
EBERFIIN L THUEDREATHILESF
LALLM LR TR, FEEDK
EhY, RHERBIP2DLAIRFICHLTHAMT
HHUEHEZRLTVS (X2).

v PONASHZ MR & L 2RI, 20034FLL
B, FIHRBEHONASHEE 2R & LIzkS
BINBREND LI ko7, FoHENE IS
BT, POFEBRBEEOBMEICNT 53R % FF il
THEDILEETB DS orzh, EELDRL
FFARAS % BP0 R 7 KBS RO ERE S
B X707z Aithalb i, JEERBONASHE
7480 L TEER(L 7 5 L R ERBR 2 TV
EA TN ST UBT TR EERTHBEICAER

MEE72, ALTB XUy -GTPL RV EET &4,
R EORIEL X MM LE B S L HEL
7z, Gastaldellib itk b OFERKEZE T HNASH
BEATBIINLTELFT) YV D% E2iTV, FR
JH*ERED A >~ X)) Y IRTHE DS EHFFIEL - FF &
REDRWAP LB LIz L. 72, Mussob
WENASHIZHT H5F 7 V) VY FREDORRICET
A GBI EAT, FTV) Y VERKIRERD
WIEHEBELRE %, FORB LS X ORE 28
BSEDHENDH D L|E LD, DX FEFTO
XR & 720 T XERD S ALRAT R R O WG HH M A%1
FERWMTHY, MEOEHLZINRL LBETHE
257z, Sanyal 5IENASHEEZ MR & L2FIDOK
BERKRARE LT, 75 KRKBIUYS3I VER
XTHR & L 7zPioglitazone versus vitamin E versus
placebo for the treatment of non-diabetic patients
with non-alcoholic steatohepatitis (PIVENS)
BArXETITok, ZIZTRIFERHENASHEE
2478 %ERNRELTEL Y ¥ 30mg/HB LU
77 %R, €F I VERSEICEERICED Fi1T,
96 EM DB RAERfTo7. BRELT, ¥4
TV rk5IIE Y I VEEMRS EHBLTCER L
HRIBONT, 75ERLEBTREESFS ) S
VyOEEIZE 5 TAST, ALTOHESRIZES
nNzbon, ZOBHHETICIIFEER 27 0
BB ooneho b HBESY,
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AR EINTA, £20E L IFERL BBERKZ
EORIWEHSHRW-OICEH I N L o7z, A b
FVI VL TT UV VFEREEODEDT, FHTO
RBBTIZI6IETH o7 L L, ARHEDT =
VEANIVHHEET VNV AOBWER D DIZR
FhikERD, A MRV VLRECEERICHTS
Bars, ERICERICELDNLZZ LIS Rk
TLEo7 1990FER L DEKERLELTRA M E
VI OBFMEATON, R EERZES
LIS WIEMER sz AR THRE L2Tbh,
BRTHWOLNEr —ANHEZ Tn5,

A MRV VOERHEFIZIZAMP-activated
protein kinase (AMPK) D{EWMALIEENEETH
BrEZLNTWA, AMPKIZA%, AMP/ATPH
DETIZL o TEMEILL, ZAVF—REEREZ
HHEEELO5(K3). A MRV I VIZAMPK®D
EWARIC LD, SHAMEBKROEI Y ALDRE, FFH
Fa\Z BV B REFEOWH), FFTOVLDLAWEH,
FERFFBR ARG E Vo 2SR BEE2T5. b
DANFNVI v OEREFEET 5L, NASHD
MBI T ARBEALEFNNE. LrLi
6, NASHORREIZHT B2 bRV I Y OFRIC
BLTI, FELEPERRE L-HENBR SN
BOXATHD. ZOHEEKITELT, Nairbidls&d
NAFLDEZE 2 L Tpilot study®{Tvy, XA &NV
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3 2 #20mg/kg/H C48AMIK S LIFMEBSA RS &
DI EENREOFMEIT o7, TO/ER, X MR
I V5L BAST, ALTHEORAVIZREN T,
POBEBEOFERDPTRETH - 7210%D ) b
BEORL % BOI-ON3%, REOHNEIIL, &
HALOREFZROORIBIZE T o EWMEL
7219 Garinisb %, FERERRONAFLDEES0E I
LUCEFREERBELNRBE L2T v ¥ a{bIE
#Ex (RCT) 21T\, BZDBEIIHL TR bFw
IVOLERS + AEREL LEMTo . Z0K
R, WHETHKERYD, KEHEORLSZDOLNIT:
A, AMKRNVIVEREBETIEA VR ViERTEOK
B TTARRIFVOBLEZHE RO L s
L7, %7z, Haukeland 5 iZINAFLD® £ #&48%
R LTT IR EREBE LAZRCTRAT, 24412
67 ABDANKVI VHEEEZITTo7. ZORKRT
A RV VIR E ST A HRIEEADS
nF, LDLa L A 51— VB X % B i,
HbAiDRBADBRONZ®,. ZhoDEERA5 &,
NAFLDIZX$ A X ALV I VORREFA R >~
BEHEOHFIIOVWTRBDONL OO, FFEE
WX AR E L TIIZFIRIH LS T B3RS
BREINTHEY, FORE, BHELICTTERRE

ARLICHIRIZIZEA LRV, 72720, INbORE
BIRTAHEBICE T oTEBY, SHBRORET

NAFLDDOREIZ L o TR RV HZRONLTTREHED
HbH. B, APEVIVOBRWERE LTHET >
F—YADHONT V525, FFHEMET TS L3
EEAEmMLRLT L, /2 BRETRAMRVIY
DERIHEZ B720, APFNVI VICLBABT ¥
F=YABRIDPLTNESRTVRAE. DD,
FAREREAMET L T2 BEICH LTI T ¥ F—
YAD) A7 B HERTRETId%{, NASH
R AIERE LTO RS RIFFHENET LT
ZVEBICBRONERETH A,

NASHOEERIIBIT B4 v ) vERABEREED
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LEELEFTHY, A VA VIEMRERER
NASHOEREL LTROAER SN TVE DD
DEDTHA. hTHEF ) ¥V VIZNASHE
BUIB T AFEZEORIMRGHER SN B W
KHTHDHH, REFHRICNTAHEICEL TS
BOREZETSH. Iz, €V 7F4 FFlIiZonT
1$F ZZNASHICH T 5 6RR L ToR Lz #E
R, SBROMROEEVILITNDLLIATH S
HRREDEHMELZEET S L, NASHOEEZ H—
BT T8 HETHD. KIS, 1 VA
) VRS EEORBERICEL TE, FEFT
A v A VEREOFELRBIIHT 55 %
BEHT L, TRERRO A A= X LIZBARAETHE
REBRZTo T ib i, BEMEOHE % 34
BHIERED DA, SHRITER - BRMEA, S L 0 iE
{NASHDJREER H = X L% fRBA L, fRREIZ& bt
TRBEDORERTRICT S EVEEIILR->TK
HEEbLIAE.
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Abstract We provide an update review on the prevalence,
gender, ethnic variations, and prognosis of nonalcoholic
steatohepatitis (NASH). According to annual health checks,
9-30% of Japanese adults have nonalcoholic fatty liver
disease (NAFLD) by ultrasonography (US) and prevalence
of NASH is estimated to be 1-3%. These conditions are
strongly associated with the presence of obesity and life-
style-related diseases. NAFLD and NASH exhibit age and
gender differences in both prevalence and severity. Among
younger patients, these conditions are more common in men
(2-3 times); however, after 60 years of age, the prevalence
of NASH is higher in women. According to a systemic
analysis of histological findings for NASH, 37.6% of
patients had progressive fibrosis, 20.8% improved, and
41.6% remained stable over a mean duration of follow-up of
5.3 years. Age and presence of inflammation on initial
biopsy were independent predictors of progression to
advanced fibrosis. The frequencies of development of cir-
rhosis in NASH are 5-25% during around 7-year follow-up
periods. Survival in NASH is lower than the expected
survival of the matched general population due to the higher
prevalence of cardiovascular and liver-related death. In
patients with cirrhotic NASH, hepatocellular carcinoma
(HCC) and liver failure are the main causes of morbidity
and mortality (5-year cumulative HCC development rate
11.3%, S-year survival rate 75.2%, respectively). The
cumulative rate of recurrence of HCC at 5 years was 72.5%.
Regular screening for complications of liver cirrhosis and
HCC is extremely important for cirrhotic NASH patients.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is now recog-
nized as the most common cause of chronic liver disease in
Asian and Western countries. NAFLD consists of a wide
spectrum of conditions, ranging from simple steatosis to
nonalcoholic steatohepatitis (NASH) which can progress to
cirrhosis and hepatocellular carcinoma (HCC). Since there
are no accurate noninvasive diagnostic methods for NASH,
such as biochemical markers or imaging techniques, liver
biopsy is needed to make a definite diagnosis. Unfortu-
nately, liver biopsy is associated with pain, risks, hospi-
talization, high cost, and sampling errors. Moreover, the
pathologic diagnosis of it is subjective and exhibits
pathologist-dependent bias and no clear consensus exists
regarding the definition of NASH. Therefore, in general
practice, NAFLD is a term convenient for the diagnosis and
management of these patients.

The diagnosis of NAFLD is based on the detection of
steatosis by liver histology or imaging modalities, and the
exclusion of other liver diseases, such as alcoholic liver
disease and viral hepatitis [1]. However, imaging modali-
ties have several limitations in this respect. The most
important limitation of ultrasonography (US) and com-
puted tomography (CT) is that they can detect only mod-
erate to severe steatosis, which affects more than one-third
of hepatocytes, and cannot detect mild steatosis [2].

As a result of the difficulties in diagnosis of NAFLD
and NASH and referral bias, it is difficult to determine
the true prevalence and prognosis of NAFLD and NASH.
This review provides an update on the prevalence,
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gender, ethnic variations, and prognosis of NAFLD and
NASH.

Epidemiology

Nonalcoholic fatty liver disease patients are usually
asymptomatic and transaminases are not helpful in making
the diagnosis of NAFLD, since 50-80% of patients with it
have normal transaminase levels. In addition to the diffi-
culties in diagnosis of steatosis, this has made study on the
epidemiology of NAFLD difficult in the general
population.

Prevalence in general population

According to Japanese annual health check reports, 9-30%
of Japanese adults demonstrate evidence of NAFLD by US
[3-5]. Since it is known that almost 10-20% of individuals
with NAFLD have NASH, the prevalence of NASH is
estimated to be 1-3% of the adult Japanese population,
an extremely large number of potential patients. These
prevalences are similar in Asian and Western countries.
Tominaga et al. [6] examined the prevalence of fatty liver
on US examination in 810 Japanese children, and found a
prevalence of NAFLD of 2.6% in the general pediatric
population, with NAFLD identified in children as young as
6 years of age. Tsuruta et al. [7] conducted a population-
based cross-sectional study in Nagano prefecture among
249 and 288 junior high school students in 2004 and 2007,
respectively. The prevalence of NAFLD was 4.4 and 4.5%
in 2004 and 2007. The presence of obesity and an alanine
transaminase (ALT) level of 30 U/L or more were inde-
pendent predictors of NAFLD (odds ratio 16.9, P = 0.001
and odds ratio 16.6, P = 0.001, respectively).

Recently, a nationwide survey of the etiology of liver
cirrhosis was performed in Japan [8]. Hepatitis C-related
cirrhosis accounted for 60.9% of cases, followed by hep-
atitis B at 13.9% and cirrhosis caused by NASH at 2.1%.
The incidence of cirrhotic NASH will increase soon given
the rising incidence of obesity. In the USA, among newly
diagnosed chronic liver diseases, NAFLD accounted for
9% of the cases [9].

NAFLD and NASH in high-risk populations

It is well known that NAFLD and NASH are strongly
associated with the presence of obesity and lifestyle-related
diseases, especially type 2 diabetes mellitus.

According to annual health check findings in Japan, the
prevalence of NAFLD by US increased with body mass
index (BMI); it was 10-20% in non-obese individuals,
around 50% in those with a BMI more than 25 kg/m* but

@ Springer

less than 30 kg/m?, and around 80% in those with a BMI
over 30 kg/m2 [3, 4, 10]. Jimba et al. [10] reported that the
crude prevalence of NAFLD increased with deterioration
of glucose homeostasis, from 27% in those with normal
fasting glucose, 43% in those with impaired fasting glu-
cose, and 62% in those with newly diagnosed and thus
untreated diabetes.

Wanless et al. [11] reported that the prevalence of
NAFLD was 70% in obese and 35% in lean patients and
prevalence of NASH was 18.5% in obese and 2.7% in lean
patients in a consecutive autopsy study. Dixon et al. [12]
assessed the relationship between presence of NASH and
complications of type 2 diabetes and hypertension among
obese patients undergoing bariatric surgery. If an obese
patient (BMI > 35 kg/m?) had neither condition, the
prevalence of NASH was 7%; with diabetes, it was 62%,
while with both of these conditions the prevalence was
75%. A synergistic effect of obesity and lifestyle-related
diseases is evident in relation to NASH incidence.

It is conceivable that the duration and severity of obesity
and lifestyle-related disease play a role in the development
of NAFLD. Further study is needed to fully understand the
risk factors for development of NAFLD.

Gender and ethnic variations

Concerning NAFLD and NASH, it is well known that these
diseases exhibit age and gender differences in both prev-
alence and severity. These age and gender differences are
caused by differences in prevalence of obesity and life-
style-related diseases [13]. According to annual health
check findings in Japan, prevalence of NAFLD in men was
around 27% for all ages above 30 years [4] (Fig. 1). In
contrast, in women it gradually increased from 7% in the
30s to 23% above 60 years of age. Among 492 biopsy-
proven NASH patients diagnosed at our university hospital,
male patents were significantly younger in age; however,
the number of NASH cases in women is higher than that in
men over 50 years of age (probably after menopause)
(Fig. 2). Concerning cirrhotic NASH patients, the preva-
lence in women was higher than that in men (57% in
women and 43% in men) [14]. In contrast, the prevalence
of HCC was higher in men (38% in women vs. 62% in
men) [15] (Fig. 3). This gender difference may be attrib-
utable to differences in exposure to risk factors for HCC,
such as cigarette smoking. However, it was recently
reported that estrogen-mediated inhibition of IL-6 pro-
duction in mouse models explains the gender disparity in
development of HCC [16]. Estrogen may play a role in the
pathogenesis of HCC. Further studies are needed to clear
the pathogenesis of gender differences.

Ethnic differences with respect to the prevalence and
severity of obesity and metabolic syndrome are well
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Fig. 1 The prevalence of NAFLD by age and sex. Among men, the
prevalence of NAFLD is around 27% in each age group. In women
the prevalence gradually increased with age. Updated data from
Kojima et al. [4]
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Fig. 2 Age and sex distribution of the patients with biopsy-proven
NASH. Female patients were significantly more common above
50 years of age

documented. The definition of obesity varies among ethnic
groups; for example, since Asians have been shown to have
more visceral fat than Caucasians, the definition of obesity
for Japanese is a BMI greater than 25, instead of greater
than 30 as it is for Caucasians. Concerning NAFLD,
among NAFLD patients who have undergone laparoscopic
Roux-en-Y gastric bypass surgery for severe obesity, it was
reported that the liver dysfunction in Japanese with severe
obesity tended to be more severe than that in non-Japanese
patients [17]. In the USA, it was reported that the fre-
quency of hepatic steatosis varied significantly with eth-
nicity (Hispanics > whites > blacks) [18]. The differences
in prevalence of hepatic steatosis were associated with
similar differences in visceral adiposity and metabolic
response. This accumulating evidence reveals that the
effects of age, gender, and ethnic differences need to be
considered when studying NAFLD and NASH.

men women men women

cirrhosis HCC

Fig. 3 The gender differences in prevalence of cirrhotic NASH and
NASH with HCC. Among cirrhotic NASH, the prevalence in women
was higher than that in men. In contrast the prevalence of HCC was
higher in men

Several case reports of familial clustering of NAFLD and
NASH have been reported [19], further suggesting that
genetic factors may play roles in the pathogenesis of NAFLD.
Recently, Romeo et al. [20] reported that genetic variation in
PNPLA3 confers susceptibility to NAFLD. We [21, 22]
reported that tumor necrosis factor gene single-nucleotide
polymorphisms (SNPs) were associated with the progression
to NASH from simple steatosis, and that adiponectin SNPs
were associated with progression to liver fibrosis and insulin
resistance, especially in females. These findings suggested
that genomic analyses as well as lifestyle surveys are needed
to clarify the pathogenesis and progression of NAFLD and
enable the development of appropriate treatments for it.

Prognosis

There are several studies on paired biopsy analyses of
simple steatosis, NAFLD and NASH, and the natural his-
tory of these diseases. In addition to the diagnostic short-
comings associated with NAFLD and NASH, there are
several limitations in evaluation of the natural history of
these slowly progressive liver diseases, including retro-
spective studies, referral bias (originating from tertiary
referral due to histological diagnosis), limited generality of
findings, short-term follow-up, and use of small samples.
Furthermore, in histological longitudinal studies, second
biopsies at study end are usually optional for ethical rea-
sons, resulting in selection biases.

Histological course of NAFLD and NASH

It has been reported in several papers that the clinical
course of simple steatosis is benign [23, 24]. However,
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some recent studies have shown that, among patients with
non-NASH (simple steatosis and steatosis with inflamma-
tion), around 40% progressed to fibrosis and over half
developed NASH after 4-13 years [25, 26]. Although
mortality significantly differs between NASH and non-
NASH, histologically a substantial number of cases of non-
NASH develop NASH.

The rates of progression of fibrosis in NAFLD among
previous reports are very similar; around 40% of patients
with  NAFLD will develop progressive fibrosis over
3-14 years, around 40% will remain stable, and less than
30% will regress (Table 1). Age, insulin resistance, severe
obesity, type 2 diabetes, high levels of aspartate transam-
inase (AST), and hypertriglyceridemia are risk factors for
progressive fibrosis in NAFLD. Importantly, Adams et al.
[25] revealed that changes in aminotransferase paralleled
those in steatosis and inflammatory features but not fibrosis
stage, indicating that it is important to reduce body weight
to within normal range. Argo et al. [27] reported a sys-
tematic analysis of 221 cases of biopsy-proven NASH. In
total, 38% had progressive fibrosis, 21% improved, and
41% remained stable over a mean duration of follow-up of
5.3 years. Age and presence of inflammation on the initial
biopsy were independent predictors of progression to
advanced fibrosis (bridging fibrosis or cirrhosis) in patients
with NASH.

Natural history of NAFLD and NASH

According to Japanese annual health checks, the incidence
and remission rates of NAFLD were 10 and 16%, respec-
tively for mean time of 1.1 years. The long-term prognoses
of NAFLD and NASH have been reported in population-
based studies as well as cohort studies of biopsy-proven
cases, with a maximum follow-up of 28 years [14, 23, 24,
26, 28-34] (Table 2). It is important to consider that
patients with NAFLD who underwent liver biopsy had a
significantly shorter survival compared with NAFLD
patients who did not [28]. This leads to referral bias.
Compared with individuals of the general population of the
same age and gender, those with NAFLD had lower than
expected survival, at a standardized mortality ratio from
1.34 to 1.69 according to American and Swedish studies
[26, 28, 30]. These studies also revealed that simple

steatosis or non-NASH has a benign clinical course without
excess mortality and that only the survival of patients with
NASH was reduced [23, 24, 26, 29, 30]. The most common
causes of death in NAFLD and NASH were coronary artery
disease and malignancy, followed by liver-related death. In
the general population of Minnesota, USA, liver-related
death is the 13th leading cause of death. These studies
confirmed increases in cardiovascular disease and liver-
related death in patients with NASH. In NASH, the inci-
dences of cirrhosis were 5-25% during around 7-year
follow-up periods.

Several findings have revealed that individuals with
NAFLD have a high risk of developing type 2 diabetes and
cardiovascular diseases, possibly due to possession of the
same risk factors for NAFLD and these other diseases, such
as obesity and insulin resistance. However, recent findings
have suggested that the association between NAFLD and
cardiovascular disease appears to be independent of clas-
sical risk factors like type 2 diabetes [35]. Further studies
are needed regarding this important evidence.

Natural history of cirrhotic NASH

To elucidate the natural history of cirrhotic NASH, we [14]
analyzed the natural history of 68 cases of biopsy proven
cirrhotic NASH and compared them with 69 cases of cir-
rhosis matched based on hepatitis C (LC-C). Mean NASH
patient age was 62.7 years (range 16-89 years), with a
median follow-up period of 41 months. Although the out-
come of cirrhotic NASH was better than that for LC-C,
cirrthotic NASH followed a similar course to that of LC-C
(5-year cumulative HCC development rate 11.3% for
cirrhotic NASH and 30.5% for LC-C, 5-year survival rates
of 75.2 and 73.8%, respectively). A total of 18 patients
with cirrhotic NASH died and 1 patient underwent liver
transplantation. HCC was the leading cause of death (9
patients), followed by liver failure (6 patients). Occurrence
of HCC and Child-Turcotte—Pugh score were significant
risk factors for mortality in cirrhotic NASH patients on
multivariate analysis. The survival of cirrhotic NASH
patients with or without HCC showed significant difference
(Fig. 4). Sanyal et al. [33] also compared 152 cirrhotic
NASH patients with a median age of 55 years with 150
matched LC-C. They reported that there were no significant

Table 1 Paired biopsy studies

on NAFLD and NASH References Number (n) Diagnosis Years of follow-up Changes in fibrosis stage
means (range)
Regressed No change Progressed
(%) (%) (%)
Adams et al. [25] 103 NAFLD 3.2 (0.7-21.3) 29 34 37
Ekstedt et al. [26] 70 NAFLD  13.8 (10.3-16.3) 16 43 41
Argo et al. [27] 221 NASH 5.3 (1.0-21.3) 21 42 38
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Table 2 Studies on long-term mortality in NAFLD and NASH

References Diagnosis Number Average Cirrhosis HCC Death

(n) follow-up prevalence n? )

(years) n (%)°* Overall Liver-related/
n (%) overall (%)

Adams et al. [28] NAFLD” 420 7.6 21 (5) 2(0) 53 (12.6) 13.2
Ekstedt et al. [26] NAFLD"® 129 13.7 10 (7.8) 3 (0) 26 (20.2) 7.7
Rafiq et al. [29] NAFLD* 131 18.5 NR 1 (0) 78 (59.5) 15.4
Soderberg et al. [30] NAFLD® 118 21 9 (7.6) 5(0) 47 (39.8) 19.1
Teli et al. [23] Simple steatosis® 40 9.6 0 0(0) 14 (35) 0.0
Dam-Larsen et al. [24] Simple steatosis® 170 204 2(1.2) 0 (0) 48 (28.2) 2.1
Evans et al. [31] NASH® 26 8.7 1 (4) 0 (0) 4 (15) 0.0
Hui et al. [32] Cirrhotic NAFLD® 23 7.0 100 0 (0) 6 (26) 833
Sanyal et al. [33) Cirrhotic NAFLD® 152 10 100 13 (3) 29 (19.1) 69.0
Yatsuji et al. [14] Cirrhotic NAFLD® 68 34 100 21 (14) 19 (27.9) 78.9
Soderberg et al. [30] Cirrhotic NAFLD® 9 21 100 3(0) 8 (88.9) 50.0
Ascha et al. [34] Cirrhotic NAFLD" 195 32 100 25 (0) NR NR

NR not reported

* Data are presented as the number at the end of the follow-up period with the number at baseline in parentheses

® The diagnosis was made by imaging or liver biopsy
¢ The diagnosis was made by liver biopsy

1.0 -t
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Fig. 4 The survival of cirrhotic NASH patients with or without HCC.
HCC was a significant risk factor for death of cirrhotic NASH patients

across-group differences in mortality in patients with Child
class B or C cirrhosis, except that cirrhotic NASH had a
significantly lower risk of development of HCC (10/149 vs.
25/147 patients at risk; P < 0.01). As expected, cardio-
vascular mortality was significantly higher in patients with

NASH. In contrast, of our cirrhotic NASH patients, only
one died of a cardiovascular event.

Recently, Ascha et al. [34] compared 195 cirrhotic
NASH patients with 315 LC-C patients. During follow-up
periods lasting on average 3.2 years, 25/195 (12.8%) of
cirrhotic NASH and 64/315 (20.3%) of LC-C patients
developed HCC (P = 0.03). The yearly cumulative inci-
dence of HCC was found to be 2.6% in patients with cir-
rhotic NASH, compared with 4.0% in patients with LC-C
(P = 0.09). The incidence of HCC in their study was
similar to our results.

All previous studies confirmed that cirrhotic NASH has
a similar course to LC-C [14, 32-34] (Table 2). In the
natural history of cirrhotic NASH, liver disease is the main
cause of morbidity and mortality. Regular screening for
complications of liver cirrhosis and HCC is thus extremely
important for cirrhotic NASH patients.

NASH and HCC

Concerning underlying liver disease in HCC, hepatitis C
accounts for 70% of all cases of HCC, followed by hepa-
titis B at 16% in Japan. The incidence of HCC of non-viral
cause has gradually increased. According to a nationwide
survey of the etiology of liver cirrhosis [8], HCC caused by
cirrhotic NAFLD accounted for 1.6%. Malik et al. [36]
reviewed the records of cirrhotic NASH patients who
underwent liver transplantation by using a prospectively
collected database from a single center. Of 98 NASH
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patients 17 (17.3%) were diagnosed as having HCC.
NASH-related HCC accounted for 3.8% of all cases of
HCC. Malik et al. concluded that patients with cirrhotic
NASH are at risk for developing HCC. The exact mecha-
nism of the development of HCC in NASH remains
unclear; however, the pathophysiological mechanisms
related to the development to NASH, such as insulin
resistance, oxidative stress, and inflammatory cytokines,
likely contribute to the carcinogenic potential of NASH
[37-39].

According to several case reports of HCC in NASH
patients, the median age of NASH patients with HCC was
around 70 years [15, 40, 41]. We [15] found that older age
and histological severe fibrosis were the most important
risk factors for the development of HCC in NASH. This is
true of any underlying liver disease, and fibrosis is the
single most important risk factor for HCC. It is known that
cirrhosis is present in about 80% of HCC patients with
NASH.

We also assessed the outcomes and disease recurrence in
34 NASH patients with HCC [42]. The 5-year survival rate
was 55.2% and the cumulative recurrence of HCC at
5 years was 69.8% in curatively treated cases of HCC in
NASH. Concerning high HCC recurrence, the HCC may be
of multicentric origin. Zen et al. [43] reported a NASH
patient with HCC for whom liver histology suggested a
multicentric origin. These features are similar to HCC
based on viral hepatitis. Regular screening for HCC is thus
needed for NASH patients with HCC even if they receive
curative treatment.

Burned-out NASH

End-stage cirrhotic NASH patients usually exhibit ‘burned-
out NASH’, in which steatosis disappears with necroin-
flammatory changes, leading to the diagnosis of end-stage
NASH as cryptogenic cirrhosis [44]. It has also been
acknowledged that a substantial proportion of patients with
cryptogenic cirrhosis have previously unrecognized NAFLD,
since patients with cryptogenic cirrhosis have high preva-
lences of obesity and/or type 2 diabetes and after liver
transplant some patients develop steatosis and steatohepatitis
in sequence. Prospective cohort studies of biopsy-proven
NASH will reveal the clinical features of end-stage cirrhotic
NASH.

Summary

The true prevalence and natural history of NAFLD and
NASH are still unclear. However, accumulating evidence
suggests that the prevalence of NAFLD in Japanese general
populations ranges from 9 to 30%, and those of cirrhotic

@ Springer

NASH and NASH-related HCC have been increasing.
Among premenopausal women, NASH is relatively
uncommon. The survival rate of patients with NASH may
be slightly less than that of the general population, because
cardiovascular mortality and liver-related mortality are
higher than those in the general population. In cirrhotic
NASH, HCC, and liver failure are the main causes of
morbidity and mortality. Regular screening for complica-
tions of liver cirrhosis and HCC is extremely important for
cirrthotic NASH patients.

The high prevalence of NAFLD indicates that it can
complicate other chronic liver diseases and contribute to
progression of these diseases. The effects of NAFLD on
other liver diseases and the association between NAFLD
and cardiovascular disease also need to be studied.
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Abstract

Background This study was performed to clarify the
outcomes and recurrence of hepatocellular carcinoma
(HCC) in nonalcoholic steatohepatitis (NASH) in com-
parison with the data for HCC caused by hepatitis C virus
(HCV) infection.

Methods Data for 34 NASH patients with HCC (NASH-
HCC) were analyzed prospectively, and data for 56 age-
and sex-matched patients with HCC due to HCV chronic
liver disease (HCV-HCC) were collected retrospectively.
After the initial treatment for HCC, patients were followed
regularly at least every 4 months by performing clinical
examinations, serum liver function tests, monitoring alpha-
fetoprotein and des-gamma-carboxy prothrombin, and uti-
lizing various imaging modalities.

Results The five-year survival rate was 55.2% and the
cumulative recurrence of HCC at 5 years was 69.8% in
treated cases of NASH-HCC. The NASH-HCC and HCV-
HCC groups showed similar survival and recurrence rates.
Of the 16 NASH-HCC patients curatively treated, recur-
rence was detected more than 2 years after the initial
treatment in 9. Three patients showed intrahepatic recur-
rences away from the initial HCC, and 3 patients showed a
change in tumor marker production after treatment of the
initial HCC. The size of the HCC and the stage of fibrosis
were significant risk factors for HCC recurrence in NASH-
HCC.
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Conclusions HCC recurrence was very high in NASH,
and the HCC may be of multicentric origin, similar to HCC
based on viral hepatitis. Regular screening for HCC is
extremely important for NASH patients with HCC, even
after curative treatment. This study confirmed that NASH-
HCC has a similar course to that of HCV-HCC.

Keywords Nonalcoholic steatohepatitis -
Hepatocellular carcinoma - Natural history - Recurrence

Abbreviations

HCC Hepatocellular carcinoma

NASH Nonalcoholic steatohepatitis

HCV Hepatitis C virus

NASH-HCC NASH patients with HCC

HCV-HCC HCC due to HCV chronic liver disease
Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide and the third most common cause of
cancer-related mortality [1]. According to the most recent
nationwide Japanese registration data, primary liver cancer
ranks third for men and fifth for women as causes of death
from malignant neoplasm [2]. The latest nationwide report
registered every two years by the Liver Cancer Study
Group of Japan showed that hepatitis C virus (HCV) is the
most common underlying liver disease in HCC [3]. HCV-
related HCC accounts for 70% of all cases of HCC, fol-
lowed by hepatitis B virus (HBV) at 16%. However, the
incidence of HCV-related HCC has gradually decreased in
recent years, and that of HCC in cases of nonviral liver
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disease has gradually increased. According to our hospital
database, increasing numbers of HCC cases arising from
nonalcoholic steatohepatitis (NASH) have been seen, and
such cases have accounted for 4% of all cases of HCC each
year since 2000. Because of the dramatic increase in cases
of NASH in Japan, it is logical that the incidence of HCC
in patients with NASH has also increased.

NASH shows a wide range of severities, from minimal
fibrosis to cirrhosis, so it is important to clarify the natural
history of each stage (especially cirrhotic NASH) in order
to assess the severity of liver disease and to determine how
to manage these patients. A prospective longitudinal study
of NASH patients with advanced fibrosis (bridging fibrosis
and cirrhosis) was started at Tokyo Women’s Medical
University Hospital in 1990. We have previously provided
case reports describing the characteristic features of HCC
in NASH and the natural history of NASH with advanced
fibrosis, as well as comparing the clinical features between
cirrhotic NASH and cirrhosis caused by HCV [4-6]. These
studies have shown that older age, low levels of AST, a
histologically low grade of activity, and advanced fibrosis
are significant risk factors for the development of HCC
based on multivariate logistic regression analysis. HCC is a
leading cause of mortality in NASH with cirrhosis. Several
other studies have provided data regarding the natural
history of NASH [7-9]. These data appear to confirm the
eventual development of HCC in significant numbers of
NASH patients.

Unfortunately, there have been no reports regarding
outcomes and recurrence of HCC in NASH patients.
Accordingly, the present study was performed to clarify the
outcomes and recurrence of HCC in NASH by comparing
the clinical features of HCC due to NASH with those of
HCC caused by HCV infection, as well as to define the risk
factors for the recurrence of HCC and the mortality of HCC
in NASH patients undergoing curative treatment.

Patients and methods
Subjects

From 1990 to 2007, 412 Japanese patients at Tokyo
Women's Medical University were diagnosed as having
biopsy-proven nonalcoholic fatty liver disease. Among
them, 34 NASH patients had HCC (NASH-HCC). All 34
patients gave informed consent to participate in a study
examining the natural history of HCC in NASH. Data on
age- and sex-matched patients with HCC due to HCV
(HCV-HCC) who had almost the same treatment modality
and were concurrently managed at our hospital were also
collected retrospectively as a control. Written informed
consent was obtained from each patient, and the study

protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki. The clinical data for the NASH
patients were collected prospectively.

Definition

Diagnosis of NASH was based on the following criteria:
[1] detection of steatohepatitis on liver biopsy [2], intake of
<100 g of ethanol per week (as confirmed by the attending
physician and family members in close contact with the
patient), and [3] appropriate exclusion of other liver dis-
eases [10-12]. All patients were negative for hepatitis B
(HB) surface antigen and antibody to HCV and/or HCV
RNA by polymerase chain reaction analysis. The serum
alpha fetoprotein (AFP) levels were determined by
enzyme-linked immunosorbent assay with a commercially
available kit (ELISA-AFP, International Reagents, Kobe,
Japan). The serum des-gamma-carboxy prothrombin (DCP)
levels were determined by sensitive enzyme-linked
immunoassay (Eitest PIVKA-II kit, Eisai Co., Tokyo,
Japan) according to the manufacturer’s instructions.

To evaluate the liver specimens, hematoxylin and eosin,
silver impregnation for reticulin fiber, Mallory stain for
collagen fiber, Victoria blue for copper-binding protein and
elastic fiber, and Perls’ Prussian blue stain for iron were
carried out. All liver biopsy specimens were examined for
fibrosis, and the NAFLD activity score (NAS) was calcu-
lated [13, 14]. An NAS of more than 4 resulted in a diagnosis
of NASH. Staging of fibrosis and grading were also asses-
sed. Patients in the HCV group were shown to be positive for
HCV RNA by a quantitative polymerase chain reaction
assay. They had either not been treated with interferon or
were virological nonresponders to interferon therapy.

HCC was diagnosed histologically or by the detection of
consistent findings using at least two imaging techniques:
ultrasonography (US), computed tomography (CT), mag-
netic resonance imaging (MRI), and selective hepatic
arteriography [15]. Vascular invasion was assessed by US,
dynamic CT, and angiography. The clinical stage (TNM
classification) was defined according to the Liver Cancer
Study Group of Japan [16]. HCC was pathologically gra-
ded based on Edmondson-Steiner criteria [17].

Obesity was defined as a body mass index of more than
25 according to the Japanese criteria. The diagnosis of type
Il diabetes mellitus was based on the WHO criteria, or
current treatment for type II diabetes. Hyperlipidemia was
diagnosed if the patient was being treated with lipid-low-
ering medications or had elevated levels of total cholesterol
(>220 mg/dL) and/or triglycerides (>150 mg/dL) on at
least three occasions. Hypertension was diagnosed if the
patient was undergoing antihypertensive therapy or had a
blood pressure of more than 140/90 mmHg on at least three
occasions.
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Management of the patients

A complete history was obtained, and a physical exami-
nation was carried out for all patients. None of the patients
were undergoing hormone replacement therapy for meno-
pause or had undergone liver transplantation. The follow-
ing laboratory parameters were measured at the time of
the diagnosis of HCC and during the follow-up period:
aspartate aminotransferase (AST), alanine aminotransfer-
ase (ALT), total bilirubin, alkaline phosphatase, gamma-
glutamyl transpeptidase, albumin, white blood cell count,
red blood cell count, hemoglobin, platelet count, pro-
thrombin time, hepaplastin test, AFP, and DCP.

The first choice for treatment is usually hepatectomy or
radiofrequency ablation (RFA). Surgical treatment was
decided upon by assessing resectability based on both
tumor progression and liver functional reserve. RFA was
generally performed for small tumors <3 cm in size and
<3 in number. Transcatheter arterial chemoembolization
(TACE) was selected for the other HCC patients. Curative
treatment was defined as complete macroscopic and/or
imaging modalities.

After the initial treatment for HCC, patients were
scheduled to be monitored regularly at least every
4 months via clinical examinations, serum liver function
tests, AFP, DCP, and US. CT, MRI, and/or selective
hepatic angiography were performed in patients with sus-
pected recurrence of HCC based on tumor markers and/or
US.

We did not perform any special therapy for NASH.
Advice regarding diet was given to the NASH patients who
were obese, and several drugs were given to the patients
with DM and/or HT and/or hyperlipidemia.

Statistical analysis

Analysis was performed with the SPSS statistical software
package (SPSS Inc., Chicago, IL, USA). The Mann-
Whitney test or the chi-square test was used to compare
baseline variables between the NASH-HCC and HCV-
HCC groups. The start date for analysis was the date of the
initial diagnosis of HCC. The patients in both groups were
followed until they died and were censored at the time of
their last clinic visit. The primary outcomes measured were
recurrence of HCC among patients after their initial cura-
tive treatments and overall survival. The time frame for
each outcome was defined as the time from the first diag-
nosis of HCC until the onset of the relevant event. Time to
failure analysis (Kaplan-Meier) was performed, and the
log-rank test was used for comparison between the NASH
and HCV groups. To clarify risk factors for the recurrence
of HCC among NASH patients with HCC who had curative
treatment, Cox’s proportional hazards analysis was used.
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Age, obesity, diabetes, hyperlipidemia, hypertension, lab-
oratory data, size of HCC, number of HCCs, and treatments
for HCC were examined in the Cox proportional hazards
model. A P value of 0.05 or less was considered statisti-
cally significant.

Results

Eleven NASH patients were diagnosed with HCC during
follow-up for NASH. The other 23 patients, who were
simultaneously diagnosed with NASH and HCC, were
referred to our hospital from local hospitals for diagnosis
and treatment of liver tumor. Baseline demographic, clin-
ical, and laboratory data for the patients with NASH-HCC
or HCV-HCC are shown in Table 1. The median age of the
patients with NASH-HCC was 70.14 years, with a range of
54-89 years. The mean age of the patients with HCV-HCC
was 71.69 years (range 51-85 years). The NASH-HCC
patients had a higher prevalence of obesity and lifestyle-
related diseases, and the between-group differences in the
prevalence of obesity, diabetes mellitus, and hyperlipid-
emia were significant. Three NASH-HCC patients had
complications of cardiovascular disease, including 1
patient with ischemic heart disease. Transaminases were
significantly higher in HCV-HCC patients, while the yGTP
level was significantly higher in NASH-HCC patients.
Histologically, noncancerous areas showed mild fibrosis in
4 patients (1 with F1, 3 with F2), bridging fibrosis in 6, and
cirrhosis in 24, but activity varied among the patients with
NASH-HCC.

Concerning tumor markers, 12 patients with NASH-
HCC (35.3%) exhibited elevated AFP levels, and 18
patients (56.3%) showed elevated DCP levels, including 8
who had elevated DCP levels with normal levels of AFP. In
NASH-HCC, the positive rate of DCP tended to be higher
than that of AFP. Altogether, 20 patients (58.8%) showed
elevations of at least one tumor marker. In contrast, 39
patients (69.6%) with HCV-HCC showed elevation of AFP
and 19 (41.3%) showed elevation of DCP. Twenty-four
NASH-HCC patients (70.6%) had a single nodule; there
were 2 nodules in 3 patients (8.8%) and more than 3 in 7
patients (20.6%). The median diameter was 24 (8-83) mm:
<20 mm in 17 patients, 20-50 mm in 11 patients, and
more than 50 mm in 6 patients. We had measured anti-HBc
antibody in 32 NASH-HCC patients and 41 HCV-HCC
patients. The prevalence of anti-HBc antibody was 28% in
NASH-HCC and 39% in HCV-HCC, and the difference
between the groups was not significant. In addition, none of
the NASH-HCC patients had a high HBc antibody titer.

Treatment for NASH-HCC consisted of surgery for 15
patients (48%), RFA for 3 (10%), and TACE for 13 (42%).
Three patients did not receive any treatment; this lack of
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Table 1 Patient profile

Data are expressed as
median + standard deviation
(SD) or number of patients.
Percentages are shown in
parentheses

S/R/T surgery/radiofrequency
ablation/transcatheter arterial
chemoembolization, Child

Child-Pugh classification

treatment was due to liver failure in 2 patients, and was
the patient’s decision in | patient. The difference in
TNM classifications between NASH-HCC and HCV-HCC
patients was not significant (TNM stage 1, 2, and 3 clas-
sifications comprised 38, 44, 18% of NASH-HCC, and 34,
33, 28% in HCV-HCC, respectively).

Liver specimens of NASH-HCC were obtained from
21 patients. Well-differentiated HCC was observed in
7 patients, moderately differentiated in 12, and poorly
differentiated in 2. The histological pattern of HCC was
evaluated in 16 patients, and the trabecular type was found
to be the most common (81.3%).

According to macroscopic findings and/or imaging
modalities, 16 NASH-HCC patients received curative
treatment: 13 received surgery, and 3 RFA. All patients
who had undergone curative treatment had HCC at an
earlier stage, such as TNM stage 1 or 2. The median fol-
low-up period was 35.4 (3-156) months after the initial
diagnosis of HCC in NASH patients. One patient was lost
to follow-up. Thirteen NASH-HCC patients died (12 due to
HCC or hepatic failure and 1 due to gastric cancer). By
contrast, 32 HCV-HCC patients received curative treat-
ment and 15 of these HCV patients died (14 due to HCC or
hepatic failure) during 2-151 months of follow-up. The
five-year survival rate of HCC was 55.2% in all NASH-
HCC versus 50.6% in all HCV-HCC patients (Fig. 1).

NASH-HCC HCV-HCC P value
No. 34 56
Gender (F/M) 13721 (38/62%) 23/33 (41/59%) NS
Age 70.14 £ 7.59 71.69 + 8.34 NS
HCC (single nodule) 23 (68%) 30 (55%) NS
Tumor size (mm) 21.37 £ 20.2 23.88 + 18.0 NS
TNM (1/2/3) 13/15/6 (38/44/18%) 19/21/16 (34/38/28%) NS
Therapy (S/R/T) 15/3/13 (48/10/42%) 26/6/24 (46/11/43%) NS
Child (A/B or C) 24/10 (71/29%) 40/16 (71/29%) NS
Obesity 22 (65%) 19 (34%) 0.004
Diabetes mellitus 25 (74%) 13 (23%) 0.000
Hyperlipidemia 10 (29%) 2 (8%) 0.008
Hypertension 14 (41%) 17 (30%) NS
BMI (kg/m?) 26.1 £ 38 242+ 4.1 0.001
Alb (g/dL) 38 £ 044 3.58 +£ 0.50 0.052
T-Bil (mg/dL) 0.825 + 0.50 0.627 + 0.38 NS
AST (IU/L) 42.0 £ 27.0 61.5 +£ 304 0.004
ALT (IU/L) 375 £ 254 61.5 + 30.8 0.008
ALP (IU/L) 242 + 233.6 338 £ 232.1 NS
y-GTP (IU/L) 102 + 158.8 55 £ 92,5 0.02
Platelet (x 10%uL) 117 £59 10.1 £55 0.09
Prothrombin time (%) 82.0 £ 16.1 829 £+ 154 NS
AFP (ng/mL) 7.0 £ 283 24 + 19626 0.007
DCP (mAU/mL) 50.5 + 4424 29.5 £ 2108 NS
1.0
8
— 6
Survival |
_rate _§ 7 “’L‘T
HCV-HCC|—
2 NASH-HCC |=—

0.0
0 20 40 60 80 100 120 140

[NASH-HCCatrisk 3427 23 8 3 |

[HCV-HCC atrisk 56 43 27 9 6 ]

Fig. 1 Survival curves for the 34 NASH-HCC patients and 56 HCV-
HCC patients. The survival rates at 1, 3, and 5 years were 93.5, 82.5,
55.2% in NASH-HCC and 83.0, 60.0, 50.6% in HCV-HCC,
respectively

Kaplan—-Meier analysis showed that there was no signifi-
cant difference between the two groups.

Recurrence among patients receiving curative treatment
Among the 16 NASH-HCC patients who underwent cura-

tive treatment, recurrence during the follow-up period was
detected in 14 (88%). Of these patients, recurrence was
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detected more than 2 years after the initial treatment in 9
(Fig. 2a). The median duration between initial HCC and
initial recurrence was 34.8 months (3-80 months). Eleven
patients had their recurrences in the liver and 3 patients in
other organs: brain in 1, bone in 1, and lymph nodes in 1.
The longest duration between the initial HCC development
and recurrence was 80 months. Figure 2b shows the
interval between the initial diagnosis of the HCC and the
diagnosis of the initial recurrence in the HCV-HCC cases.
Recurrence during the follow-up period was detected in 22
(69%) of the HCV-HCC cases. In 10 of the HCV-HCC
patients, recurrence was detected more than 2 years after
the initial treatment.

A ] W Recurrence in the liver

, Recurrence in the other organ

SRR
EEse———
Surgery -
(n=11) | B
RFA
(n=3)
0 12 24 36 48 60 72 84 96 108
B
Surgery
(n=21)
— RFA ,
M=1) | o 12 24 3 48 60 72 84 96 108

Fig. 2 The results for the interval between the initial diagnosis of
HCC and the diagnosis of the initial recurrence according to treatment
were as follows. a Sixteen NASH-HCC patients received curative
treatment and recurrence was detected in 14 of them. Recurrence
was detected more than 2 years after the initial treatment in 9 of
the NASH-HCC patients. b Thirty-two of the HCV-HCC patients
received curative treatment, and during the follow-up period recur-
rence was detected in 22 of them. Recurrence was detected more than
2 years after the initial treatment in 10 of the HCV-HCC patients.
RFA, radiofrequency ablation
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Concerning tumor marker data at the time of the initial
recurrence of NASH-HCC, 5 patients had elevated AFP
levels and 3 elevated DCP levels. Three patients showed
elevation of different tumor markers at the time of initial
HCC and at recurrence; i.e., they showed elevation of DCP
(or AFP) without elevation of AFP (or DCP) at the time of
initial HCC, and elevation of AFP (or DCP) without ele-
vation of DCP (or AFP) at the time of recurrence (Fig. 3).
With regard to the characteristic features of the 11 initial
liver recurrence cases of HCC, S5 patients had a single
nodule, 4 had 2 nodules, and the other 2 had more than 3.
The median diameter of the HCC was 20 (15-40) mm. The
recurrences were primarily located on the same side of the
liver as the initial HCC: i.e., right (left) lobe in the initial
HCC and right (left) lobe in the initial recurrence HCC.
However, 3 patients showed recurrence in the opposite
lobe.

The five-year recurrence rate for the 16 NASH-HCC
patients who underwent curative treatment was 69.8, versus
83.1% in the 32 HCV-HCC patients (Fig. 4). Kaplan-
Meier analysis showed that there was no significant dif-
ference between the two groups.

Risk factors for recurrence in HCC patients receiving
curative treatment for HCC

Cox’s proportional hazards analysis was used to identify
risk factors for recurrence in the 16 NASH-HCC patients
and the 32 HCV-HCC patients curatively treated by sur-
gery or RFA. Table 2A shows the results in the NASH-
HCC group, and tumor size (P = 0.006, HR 1.23) and
fibrosis grade (P = 0.002, HR 91.8) were identified as risk
factors for recurrence. Table 2B shows the results for
HCV-HCC. Since we did not perform liver biopsy in the
HCV-HCC cases, fibrosis grade was not included in the
analysis. Obesity, DM, and number of HCCs were identi-
fied as risk factors for recurrence.

Discussion

There have been few reports regarding the natural history
of NASH, and, as such, details related to progression of the
disease remain unclear [4-9]. Moreover, there has been
no prospective cohort study regarding the prognosis and
disease recurrence of NASH-HCC patients. This report
provides the first data from a prospective study of the
outcomes and disease recurrence of biopsy-proven NASH-
HCC patients who underwent follow-up using a predefined
screening protocol for HCC at a single tertiary-care hos-
pital. None of the patients underwent bariatric surgery or
liver transplantation. Only | patient was lost to follow-up.
Therefore, our study population was suitable for assessing
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Fig. 3 An obese female NASH
patient with diabetes and
hypertension developed HCC at
the age of 71 years. Curative
surgical resection was -
performed. At that time, the 160
DCP level was elevated. The 140 -
initial recurrence of HCC was
diagnosed three and a half years 120 [
later. At that time, the AFP level o
was elevated 100

80
60

HCC S6/7& 87
Curati\le operation

HCC S2 &S3
TACE
HCC S3 HCC S2 &S3
TACE TACE death
T i ;

T n e "

A A
v \ v
& & o» &
10
8 HCV-HCC] —
o [NASH-HCC | =
Recurrence
rate 4
2
00 o
0 20 40 60 80 100 [Months
[NASHHCC atrisk 16 14 11 8 5 bttt
[HCV-HCC atrisk 32 24 16 9 4 ]

Fig. 4 The cumulative recurrence of HCC among the 16 NASH-
HCC patients who received curative treatment. The cumulative
recurrences at 1, 3, and 5 years were 12.5, 50, 69.8% in NASH-HCC,
and 16.7, 54.9, 83.1% in HCV-HCC, respectively

the prognosis and disease recurrence of NASH-HCC
patients. Moreover, to clarify the outcomes and recurrence
of NASH-HCC, we also compared the clinical features of
NASH-HCC with retrospective data for HCV-HCC
patients.

Recurrences in the early period after curative treatment
were considered to be mostly attributable to intrahepatic
metastasis, whereas recurrences during the later follow-up
years after curative treatment can be presumed to have been
of multicentric origin. The long duration between the initial
HCC and the the initial recurrence, the location of the
intrahepatic recurrence away from the initial HCC, and the
change in tumor marker production after treatment of the
initial HCC are consistent with the hypothesis that the HCC
recurrence may have been, at least in some of our NASH
patients, a new primary HCC. HCC in NASH may be of
multicentric origin, similar to HCC based on viral hepatitis.

¢ & & FF
g * > N & NS

—e—AFP —=—DCP

Table 2 Risk factors for recurrence in the 16 NASH-HCC patients
and the 32 HCV-HCC patients curatively treated by surgery or RFA
(Cox’s proportional hazards model was used)

HR P value 95% Cl

(A) 16 NASH-HCC®

HCC size 1.23 0.006 1.07-1.51

Fibrosis grade 91.8 0.002 1.37-6160
(B) 32 HCV-HCC®

Number of HCCs 2.01 0.01 1.19-341

Obesity 3.77 0.009 1.38-10.3

DM 5.04 0.016 1.35-18.8

# Factors: gender, age, size of HCC, number of HCCs, fibrosis grade,
obesity, DM, hyperlipidemia, hypertension, ALT, platelet, pro-
thrombin time

® Factors: gender, age, size of HCC, number of HCCs, obesity, DM,
hyperlipidemia, hypertension, ALT, platelet, prothrombin time

Cox’s proportional hazards analysis of risk factors for
HCC recurrence selected the stage of fibrosis of noncan-
cerous areas and the size of the HCC as risk factors. The
factor responsible for the development of the primary
HCC, namely fibrosis stage, would affect de novo carci-
nogenesis, whereas the factor related to the severity of the
primary HCC (i.e., its size) would likely affect the possi-
bility of intrahepatic metastasis. It was thought that DM
and obesity were not identified as risk factors for recur-
rence in NASH-HCC because of the higher prevalence of
DM and obesity in NASH-HCC.

Zen et al. [18] have reported a NASH patient with HCC
for whom liver histology suggested a multicentric origin.
Their patient developed 4 nodules at different times after
the diagnosis of NASH. Liver biopsies were performed
from each nodule. The first nodule was pathologically
diagnosed as a pseudolymphoma, the second a moderately

@ Springer

-353 -



966

J Gastroenterol (2010) 45:960-967

differentiated HCC, the third a well-differentiated HCC,
and the fourth a dysplastic nodule. They provided histo-
logical data suggestive of multicentric carcinogenesis.

It has been reported that the recurrence rate of HCC at
5 years is 79% after hepatic surgery and 83% after per-
cutaneous ethanol injection [19, 20]. Sasaki et al. [21] has
attempted to clarify the difference in the risk of recurrence
after curative hepatic resection between patients with HB
and hepatitis C-related HCC. The five-year recurrence rate
of hepatitis C-related HCC was reported to be 76%, and
that of HB 66%. The risk of recurrence of the initial HCC
was 1.93 times (95% confidence interval 1.27-2.97) greater
in hepatitis C-related HCC than in HB-related HCC. Our
NASH-HCC data suggest that the recurrence rate of
NASH-HCC is similar to that of HCV-HCC, based on our
retrospective data for HCV-HCC and Sasaki’s reports of
HCV.

The prognosis of HCC remains poor, due to the fact that
HCC is often presented at an advanced stage, is associated
with multicentric carcinogenesis, and usually arises in
conjunction with advanced liver disease. According to the
Liver Cancer Study Group of Japan, the overall survival
rate after initial HCC diagnosis at 5 years is 35.4%, and the
rates for those undergoing surgery and TACE are 53.4 and
22.6%, respectively [3]. Toyoda et al. [22] have reported
that the survival rate for patients with viral marker-negative
HCC is significantly lower than that for patients with viral
HCC. Our studies of NASH-HCC showed a more favorable
survival rate than theirs. However, histological diagnosis is
required for the diagnosis of NASH; as such, our NASH
patients with HCC consisted only of those with sufficient
liver function for them to be able to undergo liver biopsy or
surgery. In other words, these patients were in a relatively
good condition. Further study is therefore required to
clarify the survival of all patients with NASH-HCC. A
study that includes only patients who have developed HCC
during follow-up after a diagnosis of NASH would help to
elucidate the natural history of NASH-HCC.

Taura et al. [23] have analyzed the reasons for the recent
significant improvement in the survival of patients with
HCC who have undergone hepatectomy. They found that the
management of solitary intrahepatic recurrence is consid-
ered to be a major contributory factor to the improvement in
survival after recurrence, as well as overall survival. The
results of our present study clearly show that recurrence of
HCC in NASH is very high, and that after curative HCC
treatment, regular follow-up based on monitoring tumor
markers of AFP and DCP and imaging is extremely impor-
tant, since advances in HCC management can only come
from treatment of small tumors that are diagnosed early.

It has been reported that the detection rate of elevated
serum DCP for small liver cancer is approximately 44.3%,
and that DCP appears to be a more useful tumor marker
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than AFP [24, 25]. In our study, the positive rate of DCP
tended to be higher than that of AFP. This suggests that
DCP is a more useful tumor marker in the management of
NASH-HCC. However, there is no correlation between
AFP and DCP. This finding indicates that the markers are
complementary and would be useful for the diagnosis and
evaluation of NASH-HCC when measured simultaneously.

Yatsuji et al. [6] reported a five-year HCC rate of 11.3%
in NASH liver cirrhosis. This carcinoma incidence is not as
high as the 8% rate in alcoholic cirrhosis [26]. Since we
followed many cirrhotic NASH patients, the fact that 11
patients developed HCC was consistent with the report by
Yatsuji et al. In addition, Caldwell reported that the inci-
dence of HCC in various liver diseases was higher in Japan.
These differences may be associated with ethnic differ-
ences. We measured anti-HBc antibody to investigate the
influence of HBV on the carcinogenesis of NASH-HCC.
The difference between the NASH-HCC group and HCV-
HCC group was not significant, and none of the NASH-
HCC patients had high HBc antibody titers which would
have led us to suspect that they were HBV carriers. These
findings suggest that if HBV does influence carcinogenesis
in NASH, its influence is minimal.

The chief limitation of this study is that it was restricted
to biopsy-proven NASH patients and thus does not reflect
the entire population of patients with NASH-HCC. Our
findings were thus affected by a certain degree of patient
selection bias.

HCC recurrence was very high in patients with NASH.
Regular screening for HCC is extremely important for
NASH patients with HCC, even when they have received
curative treatment. The risk factors for HCC recurrence are
size of HCC and stage of liver fibrosis. HCC in NASH may
be of multicentric origin, similar to HCC based on viral
hepatitis. These findings should aid treatment selection for
NASH patients and their daily management.
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