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Oplouol

e NAFLD : Non Alcoholic Liver Disease

* NAFL

* NASH

: Non Alcoholic Fatty Liver (steatosis)

Yuoowpevon Aurtouc oto Hrap ( >5%)

: 2TEATWON

+ BAAPN nmatokuTTApWVY
(aepoodatpoeldbne ekpuAion)
+PAgypovn

+lvwon

Seminars in Liver Disease 2010;30(4):391-401




NASH :Quolkn Lotopia

Obesity Hepatic NASH Cirrhosis HCC
steatosis

g- -

30-80% 10-20% 3-5 % &7 %o
in 20 years

Liver International 2007




1/3 American adults have fatty livers

US adult population

* ~ prevalence of “cryptogenic” ALT elevation in the general population



NAFL vs NASH
Different severities of liver damage




NAFL vs NASH
Differential Prognosis
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Putting things In perspective

US adult population
(300 million)

Type 2 Diabetes 8%

HCV infection 2%
HCV cirrhosis 0.5%

Colorectal cancer 0.3%

Cirrhosis
2%

6 million people with
NASH-cirrhosis*

*incidence of liver cancer may be as high as 0.5-1%/year in cirrhotics



Nonalcoholic Fatty Liver Disease Increases Risk
of Death Among Patients With Diabetes:
A Community-Based Cohort Study

Leon A. Adams, MBBS, PhD'?, Scott Harmsen, BS?, Jennifer L. St. Sauver, PhD®*, Phunchai Charatcharocenwitthayva, MBBSS,
Felicity B. Enders, PhD?, Terry Therneau, PhD? and Paul Angulo, MD®

Table 2. Causes of death

Total cohort DM +NAFLD DM - NAFLD

(n=2337) (n=116) (n=221)
Crvarall a9 27 72
Heaart disease 31 (21%) 5 (19%) 26 (36%)
Carebrovascular 5 (5%) 0 5 (7%)
Malignancy 23 (23%) 9 (33%) 13 (18%)
Infection 15 (15%) 3(11%) 12 (17%)
Liver related 5 (5% 5 (19%) 0
Othars 18 (18%) 4 (15%) 14 (20%)
Unknown 2 (2%:) 1{3%) 1 (2%)

Am J Gastroenterology 2010;105:1567-1573



Chronic Non-alcoholic
Liver Disease and Diabetes

Diabetes
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Figure 1. The cumulative risk (Kaplan-Meier) of chronic nonalcoholic
liver disease including cirthosis among veteran patients hospitalized
during 1985 to 1990 and a follow-up period that ended in October
2002, No patient had acute or chronic liver disease recorded before,
during, or 1 year after their index hospitalization. The maximum
follow-up duration was 12 years and 8 months. The upper fne repre-
sents chronic nonalcoholic liver disease recorded after the first year
of index hospitalization in patients with diabetes, whereas the lower
line represents the same outcome in patients without diabetes.
Chronic nonalcoholic liver disease was significantly higher in patients
with diabetes (P < 0.0001).

Diabetes
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Figure 2. The cumulative risk (Kaplan-Meier sunival analysis) of
hepatocellular carcinoma among veteran patients hospitalized dunng
1985 to 1990, Mo patient had acute or chronic liver disease recorded
before, during, or 1 year after their index hospitalization. The maxk
mum follow-up duration was 12 years and 8 months. The upper line
represents hepatocellular carcinoma recorded after the first year of
index hospitalization in patients with diabetes, whereas the lower line
represents the same outcome in patients without diabetes. Hepato-
cellular carcinoma was significantly higher in patients with diabetes
(P == 0.0001).

824,263 VVeterans hospitalized between 1985-90; follow-up to October 2002
Case-control study (diabetes:non-diabetes= 1:3)

troenterolc




MaBoyevela tnc NASH



Mpwtoyevnc NAFLD

Qawoturnikn ekdbNAwon avtiotaong otnv lveoulivn (IR)
o€

YriépBapa /Maxvoapko Atopo

2tAaxvikn Mayvoapkio

12D

YrieptplyAukepLdatpia

Aptnplokn Yeptaon

J Hepatology 2010;53:372-384




Ta&wounon A
American Diabetes Association
Diabetes Care 2009;32(Suppl 1) :S13-S61

Turoc 1 : kataotpodn B-kuttapwv.MMANPNGS EANEWPN
lvoouAivng

Tumnoc 2: og utoBaBpo avtiotaong otnv IvoouAivn(IR)
npoodeuTikn Melwon €kkplong IvoouAivng

ELOLKOL TUTTOL : YEVETIKEC SLATOPAXEC B-KUTTAPWV,VEVETLKEC
dtatapaxec otn dpaon tn¢ lvoouAivng,madnoelg
e&wyevouc poipac Maykpeatoc(m.x KUOTIKNA
lvwon),

Qappaka(m.xAlIDS,ueTapooXEVCN OPYAVWV)

Awapntnc Kunonc




Moapayovtec KivOUvou
yla avtiotaon otnv lvoouAivn (IR)

HALKLOL

EVETLKEC AVWHAALEC

KANPOVOULKEC SlatapaxeCc otn AsLtoupyla TwV
Mtoxovoplwv

Moxvoopkila

12D ——

6t World Annual Congress on the IRS

— |R




60 YriépBapol pe BMI:45+1.3 Kg/m?

OL LOXUPOTEPOL TIPOYVWOTLKOL TIOLPAYOVTEC
yla evatcOnoia (IS) N avtiotaon otnv Ivooulivn(IR)

Mitochondrial Function Visceral Fat Area
(Adiponectin levels ng/ml) cm?

IS 6.913.4 138+27

IR 3.4+1.7 316191

Am J Physiol Endocrinol Metab 2010;299:E506-E515



Mnxaviopoi cucwppevong Almoug otn NASH

Obesity:low grade chronic ATMs
—

, _ Insulin
inflammmmation

resistance

Decreased glucose uptake

JNK-1
Critical trigger
of hepatic sreatosis

Decreased Insulin clearance
Increased Hepatic IR, GNG
and VLDL secretion.

Increased lipolysis

T FFA, glycerol, GNG
precursor

Y Adiponectin

4 Insulin

High fat diet

Trends in Molecular Medicine 2008:14:72-81 TRENDS in Molecular Medicine




Figure 1 Changes in adipose tissue in obesity influences hepatic lipid loading and development of hepatic steatosis. During
the development of cbesity, expansion of adipose tissue results in activation of cell death signaling including death receptor and
mitochondrial pathways. These cytotoxic signaling pathways result in activation of effector caspases and adipocyte cell death.
Pathologic increase in cell death results in recruitment of macrophages to adipose tissue, with subsequent development of
insulin resistance, and hepatic steatosis. Antiapoptotic therapy target at inhibiting either the Fas- or mitochondrig-mediated
pathways may be a new therapeutic strategy for treatment of cbesity-associated metabolic complications.

Seminars in Liver Disease 2010;30(4):391-401



H cucowpeuon Autidlwv 0To NMATOKUTTAPO
-0 pOAOC TOoUG oTN €€€ALEN o NASH-

Hepalocyie

&1 :_“__J..T;/-

Acetyl-Co

Seminars in Liver Disease 2010;30(4):391-401




Apoptosis Pathways in NASH

Seminars in Liver Disease 2010;30(4):391-401



0&elOWTLKO stress-NASH

Insulin resistance

— Hepatic steatosis — MASH — Cirrhosis

TFA<

s Peroxisomal
oxidation

Mitochondrial
oxidation

Microsomal

oxidation

—_—

Hydrogen
peroxide

—* Superoxide

~+ | NADPH

- >

Muclear damage T steatosis

Protein denaturation 1 oxidative
damage

Lipid peroxidation T inflammation

MDA, HNE production T fibrosis

=

I Reactive oxygen species

Liver International 2007



Mnxaviopol pAeypovng otn NASH

FFA
‘ Adipokines

Fat, oxidative
l ’—* ( stress, ER stress
TNF and oth TFNF'KB‘"‘*S o
and other | _
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Trends in Molecular Medicine 2008:14:72-81 TRENDS in Molecular Medicine




A Sequence Variation (1148M) in PNPLA3 Associated with
Nonalcoholic Fatty Liver Disease Disrupts Triglyceride
Hydrolysis™

Recalved for publication, September 9, 2009, and In revised form, Decernber 1, 2009 Published, JBC Papers in Press, December 23, 2009, DO 10.1074/jbcM109.064501

Shaoging He', Christopher McPhaul’, John Zhong Li', Rita Garuti’, Lisa Kinch’, Nick V. Grishin’,
Jonathan C. Cohen'', and Helen H. Hobbs**"

The Journal of Biochemistry 2010;285(9);6706-6715



Characterization of liver and serum lipids and enzymes in mice infected with recombinant adenoviruses expressing wild type or mutant

PNPLA3
PNPLA3 adenovirus
Empty adenovirus —
Wwild type [148M 54531 S7A
Body weight (g) hHxdh 2+10 Niltlh L ol Wi B1+24
Liver/body weight { x 100] 5.2 =02 5404 563 £0.3 5.4 £ 0.1 549 £0.3
Vel
Triglyceride (mg/g) 127 £56 135 £ 29 4£4+113 135 £ 20 425 £ 10.1
Fhosphotidylcholng [mg!g) 153 TS I3.L T Us 142 T LY I35 T L2 143 T UM
Free fatty acids (mol/g] 93=15 85+ 19 BT+ 09 BE+12 10.7 + 1.8
Cholesterol esters (mg/g) 0.2 =00 0.3 =001 05*01 0.1 =00 0502
Free cholesterol img/g) 21 =01 1.9 +0l 0x01 21+02 2101
Cholesterol {mg/g) 23+0.1 2.2 + 0.1 24+ 02 23 +02 26+ 0.2
Blood
Alanine aminotransferase (units/liter) 533 =130 102.8 = 425 922 +294 128.7 = 3.1 B5.5 * 30.8
Aspartate aminotransferase (units/liter) 0h3 = 156 1420 x &6l.5 1152 £ 285 1465 + 5ok 119.0 = 308
Cholesterol {mg/dl} 1038 =120 M3+ 175 985 + 10.1 101.2 + 83 1010+ 105
Trigylceride (mg/dl) 1230 =139 1193 + 24.4 1077+ 128 1080 + 149 10+ 192
Glucose (mg/dl} 1908 = 30,7 128.8 = 4.5 13432 +129 1202 + 4.8 1605 £ 45.7

The Journal of Biochemistry 2010;285(9);6706-6715




Oepamevtikn Avtipetwriton tne NAFLD/NASH

e Y€ TOLOUC ?
e Nwc?
e [loloc elvall 0 0TOXOG ?



Oepamevtikn Avtipetwriton tne NAFLD/NASH

e >€ TIOLOUC ?
e Nwc?
e [loloc elval o otoxoC ?



Oeparmevtikn Avtipetwriton tng NAFLD/NASH

2€ tolouC ?

Mn EmepPBatikol Aegiktec¢ Ilvwoncg otn NASH

AUC for Advanced
Tast Staging System n Fibrosis Components

BAAT score!® Metavir 93 0.84 (CL: N/S) Age, BMI, ALT, serum triglycerides

FibroTest!é Modified Brunt 267 0.86 (C: 0.77,091) it 2-macroglobulin, apolipoprotein A1, haptoglobulin,
0.75(Cl: 0.61, 0.83)* total hilinubin, GGT

NAFLD fibrosis score!” Modified Brunt [t} 0.88 (Cl: 0.85,092) Age, BMI, platelet count, albumin, AST/ALT ratio,
(.82 (Cl: 0.76, 0.88)" |FG/ diabetes

(ELF# Scheuer il 0.87(Cl: 0.66, 1.0) Age, HA, PUINP, TIMP-1

FLF Modified Brunt 192 0.90/(CL: 0.84, 0.96) HA, PIINP, TIMP-1

CK-188 Modified Brunt 139 cases 0.83 (CL: 0.75, 0.91) CK-18 fragments

150 controls

Hepatology 2009:50;1000-1003




Oepamevtikn Avtipetwriton tne NAFLD/NASH

e Y€ TOLOUC ?
e NMwcg?
e [loloc elval o otoxoC ?



2TPATNYLKEC OeparmevuTikng Avtipetwritong tng NASH

1" Itpatnylkn

e Amnokataotaon tnc IR Kot TnNg YmepLvoouAvatpiog
-nelwon tou omAayvikou Almouc-
»  oAAayn tou tpomou {wng,olatta,doknon , anwAsLla BApouc
»  TOPAYOVTEC IOV auéAvouv Tnv svooBnoia otnv IvoouAivn
dappuaka: 1. YArtalovec, petdopuivn
XELPOUPVYLKNA TNC Ttaxvooapkiac(bariatric surgery)

J Hepatology 2010;53:372-384




2TPATNYLKEC OeparmevuTikng Avtipetwritong tng NASH

2" JTpATNYLKN

e Mapeumnodion /mpoAndn Hratokuttapknc BAAPNC

»  ovOoToAn uttepoteidwonc Autdiwv kat oEeldwTIKOU stress

» AvtipAeypovwdn(avti-TNF-a),avtiotedwtika (Vit E),
QVTLATIOTITWTLKOL TIOPAYOVTEC

J Hepatology 2010;53:372-384




Oepareia 1" ypappunc: Mn pappokoAoyLka peTpa

e Y& OAouc touc aoBeveic pe NAFLD/NASH, aveéaptitwc tng
coBapotntac tne nratonabelog
v And)ela Bapouc, aoknon,eiwon tn¢ kablotknN e {wng

dLaLtnNTKEC aAAAYEC O€ pakpoxpovia Baon kol
ETIAVEKTLMNON O€ 6 MAVEC

v 3g a0Beveic pe otedtwon Hovo A véouc pe NASH ,0ANG pe
KaBOAou ) eAdxLotn ivwon ,auTa Ta LETPO OLPKOUV

v’ 3e amnotuyio ,mpoodnkn aAAwv pHETPpWV.

J Hepatology 2010;53:372-384



AntwAegLa fapouc —ALaLTNTKA LETPA

H Wbavikn anwAewa Bapouc yia tnv BeAtiwon tng
NAFLD/NASH &¢ev €xeL mpoodloplotetl

AntwAela 5-10% tou 2B emapkel yia opadomnoinon twv ALT

ArtwAela 9% tou 2B PBeAtwvel:
ONUOVTIKA TNV OTEATWON

opLaka tnv pAeypovn
KaBoAou thn lvwon

Mpoteivetal anwAela Bapouc > 7% Ttou 2B

Hepatology 2009:49:80-86



AntwAegLa fapouc —ALaLTNTKA LETPA

Ornoloodnmote TUmo¢ diattac eivol WhEALUOC

Movo 15% twv aoBevwv retBapyxolv Kat EAAOTWVOUV KT
10% to 2B

YuumnepldopLkn Bepareia

Na arnodpevyovtal ta soft-drinks(dpouktoln),
npornopackevaopeva paynta(trans- fats)

EpmAoutiopoc tneg dlowtoc pe omega-3 cupnmAnpwpaTa

1 motnpL Kpaol tnv pEpa BeATwVEL BLOXNMULKA, LOTOAOYLKA KoL
tnv IR

J Hepatology 2010;53:372-384



Quokn Apaotnplotnta

Movo 20-33% twv aacBevwv pe NAFLD/NASH €xouv tnv
artovpevn puolkn dpaoctnplotnta
NpoBAnuata :Wuxoloyka, KapdloavamveuoTtikd, ApBpwoswv

Yuotaon ywa:  HETPLOC Evtaong aocknon 150 min /eB6. kaul
gvtatikn aocknon(jogging) 75 min/gpo.

H Quokn dpaoctnplotnta PEATLWVEL TO EVOONTIATIKO ALTTOG,
eANatwveLl TNV IR, petwvel To oAy VLKO ALrtog

H doknon auvéavel tnv evoloBnoia otnv IvoouAivn Kot
opaAoTtoLel TG ALT ,akopa Kol Xwpig amwAegLla fapouc

J Hepatology 2010;53:372-384



Bariatric Surgery

e Euepyetikn enibpaon otn NASH kal tnv ivwon

e AudLAeyopuEVA ATIOTEAECHOTA YLOL LOKPOXPOVLO LOTOAOYLKN
BeAtiwon

e Na edpoppoletol EMAEKTIKA LOVO OTNV VOonpr taxvoapkio
Kol 0€ a0BeVelC HE MPOXWPNUEVN lvwon META armo Bloyia

ATOTOC



Dappakoloyikn Beparmneia

e H NAFLD 6gv avéavel

TNV NMOTOTOELKOTNTA 1 AAAEC TIOPEVEPYELEC TWV
vTtoAuTtLd ok wv(oTtativec)

avtdloBnNTikwy
QVTIWTIEPTAOLKWY POPUAKWV
apa
TPETIEL VO YOpNnyouVTaL OTIOU Kall OTav xpeLtadovtal

yla tnv avtipetwriton  AY, T2D, YmepAuuwdouuiog

EASL 2009 Special Conference on
NAFLD/NASH JHepatol 2010;53:372-384



Qappokoloyikn Beparmeio

. 2TEATWON

>  Dev SdikaitoAoyeital Ok Beparmeia

»  AVTIHETWTILON CUVUTIAPXOVTWYV EEWNTIOTIKWY EKONAWOCEWV
»  Etnola mopakoAolBOnon tng NmATIKAC AEToupyLaC
»  Mn enepPatiko follow up tng ivwonc

opoAoyikol SelKTEC

e\ooTopETpla

ALT

deiktec IR(HOMA test, lIvoouAivn vnoteiag)
» enovainyn Boyioag,5 xp amo tnv mponyou eV , AV OL 1N

enepBatikol deiktec cuvnyopouv yla auTo

EASL 2009 Special Conference on NAFLD/NASH
JHepatol 2010;53:372-384



Dappakoloyikn Beparmneia

Yteatonmatitida (NASH)
Ytoxoc¢ :MpoAndn e€EAMENC TNC NTTATIKAC (vwoncg o€ kKippwon/HKK
NASH pe eAaxiotn i kaBoAouv ivwon(otadto 0 kat 1) dev xpeldletal eOLIKA
Bepareia yLo to AMap
Eldwkn Bepareia pe oto)o To Nrap evoeikvuTal :
NASH kat petplov Babuou ivwon (otadio 2)
Yy nAn totoloyikn dpaotnplotnta kot Mapayovteg kivduvou yla
npoxwpnuevn ivwon (nA: >50,2A, AY, coBopn IR)
NASH pe yepupidikn ivwon (otadio 3) ka/n kippwon va
avTlpLeTwiovtol w¢ xpoviol HrtatomaBeig
>to otddlo 2 kal 3 va ermavoAapBavetal Bloia wote otnv Kippwon va
yivetal tpoAnyn yia HKK

EASL 2009 Special Conference on NAFLD/NASH
JHepatol 2010;53:372-384



Specific liver-directed therapy

Aev utapyxouv eyKekpLUpEVa dappoka yia tn NASH
A. EvaloBntomolntég lvoouAivng

[Attalovec : 5 RCTs .OpaAomoinon ALT,otedtwonc Ko
dAeypovig
oxL BeAtiwon otnv ivwon

H napatoaon tng Beparmeiac pexpt 3 xpovia 6ev cuvodelTnKe
aro LotoAoylkn BeAtiwon

Metdoppivn: BeAtiwon ota entineda twv ALT,aAAd 0L oTa
LOTOAOYLKA EVPripOTO

B. Avtlo&elOWTLKEC OUOLEC
Bitapivn E : 800 IU/nu. BeAtlwoav tnv LOTOAOYLKA ELKOVOL
£KTOC TNC lvwong

EASL 2009 Special Conference on
NAFLD/NASH JHepatol 2010;53:372-384



Specific liver-directed therapy

. AvtipAeypovwodn
e [levtotldlAAivn (anti-TNF-a) : avamoteAeopATIKNA

A. AN\
. URSO 30 mg/Kg opaAomotet ALT
. Q — 3 moAvakopeota ALopd o€€a Kol ZOPTAVEG : LKPEC

LLEAETEC

EASL 2009 Special Conference on
NAFLD/NASH JHepatol 2010;53:372-384




KAtvikec ueAetec ue QapuakoAoytkouc napoyovteq
otn NAFLD/NASH

Intervention Outcome
Ursodeoxycholic acid Not effective
Pentoxyphilline Not effective
Antioxidants {i.e. vitamin E or C) Mot effective
Orlistat Overall not effective
Lipid-lowering agents: (statins, Overall not effectve

fibrates, omega-3 FA)
Glucose-lowering agents

Metformin Moderate efficacy
Intensified insulin therapy (NAFLD) Moderate efficacy
Exenatide added to insulin (NAFLD) Moderate efficacy
Rosiglitazone Moderate efficacy
Pioglitazone Efficacy shown in

short-term studies

K. Cusi Curr Opin Endocrinol Diabetes Obes 2009;16:141-149



Meta-analysis: insulin sensitizers for the treatment of
non-alcoholic steatohepatitis

M. O. Rakoski®, A. G. Singal®, M. A. M. Rogers’ & H. Conjesvaram®

AL PHARM& THER;2010;32;1211-1221



Ot Mtalovec ot N Mn AAkooAwkn Zteatonmatitida
Juunepaopata Metaavaiuonc

e Aafntikol :

OTEATWON , AEPOCPaLPOELONC
SLOYKWON TWV NMOTOKUTIOPWVY : BeAtiwon

dAeyuovn,ivwon . o)L

° Mn AtaBntikol : BeAtiwon OAwv TwV
LOTOAOYLKWV TTOPALETP WV

Al Pharm& Ther;2010;32;1211-1221



A Inflammation B Ballooning Necrosis

P=0.008 P=0.019
| | |
P=0.31 P=0.001 -
3 0 P<0.001
4 [ ] -
1.5+ o]d - [
1.04 . 4 A B
0.5+ [ ] 2R
Before  After Before  After ' Before After Before After
Placebo Pioglitazone Placebo Pioglitazone
C Steatosis D Fibrosis
P=0.003
! ] P=0.08
P<0.001 -
|
2.5 P=0.002
: —
2.09
1.5+
Before  After Before After ' Before After Before Afrer
Placebo Pioglitazone Placebo Pioglitazone
Figure 3. Mean Scores for Inflammation (Panel A), Ballooning Necrosis (Panel B), Steatosis [Panel C), and Fibrosis
(Panel D) in Liver Biopsy Specimens,
©One subject in the pioglitazone group declined to undergo the end-of-study liver biopsy (for that subject, only
HelTorn el g JUB

metabolic data were included). Between-group differences were compared by means of the Wilcaxon rank-sum test.
Within-group differences (before vs. after treatment) were compared by means of the Wilcoxon signed-rank test.



A Meta-Analysis of Randomized Trials for the
Treatment of Nonalcoholic Fatty
Liver Disease

Giovanni Musso,' Roberto Gambino,” Maurizo Cassader,” and Gianfranco Pagano”

Hepatology 2010;52;79-104



Yupmepaopata tnc Metaavaluvonc
Hepatology 2010;52;79-104

49 RCTs (30 RCTs NASH)

23 RCTs (22 NASH , 1 NAFLD) :Blolisc
Nmotoc peta Bepaneia
Owmeprocotepec RCTs UIKpEC o€ aplBuo
acBevwyv kat pkpng otapketog (~ 1 xpovo)
MeAetnBnkav mepPLOCOTEPO: N AMWAELDL

Bapouc, ot OstaloAtdivediovec(MoyAttalovn)
KOlL AVTLOEELOWTLKEC OUOLEC



YUUTIEPACOTOL
Hepatology 2010,52;79-104

e HamwAela 2B : acdaAnc kat SocoeCapTwUEVN
BeAtlwon TNC LOTOAOYLKNC
dpaotnprotntag otn NASH

aAAd > 50% ammoTtuyXAvouv vo TIETUXOUV TO OTOXO

e OelaloALOLVEDLOVEC : BeEATIWVOUV TN OTEATWON KOL TN
dAeypovn, aAka T ZB

° AVTLOSELOWTLKEC OUOLEC : apudLlAeyOpEVa
amoteAEopaTa



AAN\eC BepameuTikeC nopeUBaoceLg

e MevtoéldpuAAivn, TeApoaptavn, L-Kapvitivn :
BeAtiwon NnmAtiknc LotoAoyilag
oe 1 RCT pe NASH

e PUFA (polyunsaturated Fatty Acids):
BloxnuLKn Kot akTtvoAoyikn BeAtiwon



NEJM 2010;362:1675-1685

The HEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Pioglitazone, Vitamin E, or Placebo
for Nonalcoholic Steatohepatitis

Arun ). Sanyal, M.D., Naga Chalasani, M.B., B.S., Kris V. Kowdley, M.D.,
Arthur McCullough, M.D., Anna Mae Diehl, M.D., Nathan M. Bass, M.D., Ph.D.,
Brent A. Neuschwander-Tetri, M.D., Joel E. Lavine, M.D., Ph.D.,

James Tonascia, Ph.D., Aynur Unalp, M.D., Ph.D., Mark Van Natta, M.H.5.,
Jeanne Clark, M.D., M.P.H., Elizabeth M. Brunt, M.D.,

David E. Kleiner, M.D., Ph.D., Jay H. Hoofnagle, M.D.,
and Patricia R. Robuck, Ph.D., M.P.H., for the NASH CRMN=*



Table 1. Baseline Characteristics of the Study Subjects.*

Characteristic Placebo (M=283) Witamin E [MN=384) Pioglitazone [M=280) Total (M= 247)
Demographic factors
Age (yr) 45.4+11.2 45.6+£12.1 47.0£12.6 46.3x11.9
Female sex (%) 58 52 59 h]
Race or ethnic group (26) T
Hispanic 7 19 19 15
Momehite 11 15 k] 12
Quality of life]
SF-36, physical component 4711 49+10 45+ 4810
SF-36, mental component 4712 459+ 10 45+8 4810
Serum bicchemical levels
Alanine aminotransferase (LU /liter) Ble4s 26+52 832+45 B23=49
Aspartate aminotransferase (U liter) 5530 59+33 54126 5630
y-Glutamyltransferase (U liter) 6970 56+42 G0+63 61+63
Alkaline phosphatase (U/liter) B2+25 FF+25 26+30 81=30
Total bilirubin {mg/dl) 0.76x+0.35 QLF5+0.38 Q.F7F+0. 38 0. 760.37
Lipids
Triglycerides (mg/dl) 16589 166+104 162+84 16593
Cholesteral (mg/dl)
Total 19940 195 +40 195437 19639
High-density lipoprotein 4311 44+173 45512 4412
Low-density lipoprotein 12535 119+35 120+31 12234
Metabolic factors
Fasting serum glucose (mg/dl) O5=14 95+14 92412 o413
Insulin resistance§ 5.5£5.1 5.2+4.0 5.0+3.8 5.2:43
weight (kg) 99:71 94174 97+23 9723
Body-mass index" 357 3447 34x6 347
Waist circurmnference (cm) 109£14 107 +15 108+14 108+14
Body composition (%6 fat) A0=0 39+9 40+8 399
Liver histologic findings||
Total NAFLD activity score 4.8+1.4 51+1. 4 50+1.4 4.9+1.4
Steatosis 1.9+0.8 1.9+0.9 2008 1.9=0.8
Lobular inflammation 1.6+.0.F 1.8+0.7 1.8+0.7 1707
Hepatocellular ballooning 1.3=0.7 1.3+0.8 1.1+0.8 1.3:0.8
Fibrosis stage®* 1.6+1.1 1.5+1.0 1. 4+0.9 1.5£1.0
Absence of ballooning on central review (35) 17 18 28 21

A Sanval at al NEIM 2010:355:2297-2307




Pioglitazone or Vitamine E in NASH

Table 2. Primary Outcome and Changes in Histologic Features of the Liver after 96 Weeks of Treatment.

Variable Placebo Vitamin E Pioglitazone P Value®

Vitamin E Pioglitazone
vs. Placebo  ws. Placebo

Primary outcomeyj
MNo. of subjects randomly assigned 33 g4 B0
Subjects with improvement [26) 19 43 34 0.001 0.04
Changes from baseline in histologic features
Mo. of subjects with biopsy specimens at baseline 72 80 70
and 96 wk
Steatosis
Subjects with improvement (25) 31 54 69 0.005 <0.001
Mean change in score -0.1 -0.7 -0.8 =0.001 =0.001
Lobular inflammation
Subjects with improvement (%) 35 54 60 0.02 0.004
Mean change in score -0.2 -0.6 -0.7 0008 <0001
Hepatocellular ballooning
Subjects with improvement (25) 29 50 24 0.01 0.08
Mean change in score -0.2 0.5 -0.4 0.03 0.01
Total NAFLD activity score (mean change) -0.5 -1.9 -19 <0.001 <0.001
Fibrosisi
Subjects with improvement (24) 31 41 24 0.24 0.12
Mean change in score -0.1 -0.3 -0.4 0.19 0.10
Resolution of definite nonalcoholic steatohe patitis 21 36 47 0.05 0.001
(2 of subjects)

A.Sanyal at al NEJM 2010;355:2297-2307




Pioglitazone or Vitamine E in NASH

A Alanine Aminotransferase

B Aspartate Aminotransferase
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Figure 2. Changes from Baseline in Aminotransferase Levels, Insulin Resistance, and Weight, According to Study Group.
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REVENS

Therapeutic Trials in Nonalcoholic Steatohepatitis:
Insulin Sensitizers and Related Methodological Issues

Vlad Ratziu,’ Stephen {IIJ[lWE",E and Brent A. Neuschwander-Tetri’

Hepatology 2010;52:2206-2215



Table 1. Glitazone Trials with Available End-of-Treatment Histology

End of Treatment
Histology, Percent Nomal  Professlonal
Treatmant n [ Drug’ with ALT et Rundn
Drug (dose,/day), n Comparator, n Duration Comparator) Dlabetes  Incduded  Counsellng®  Perdod
Randomized controlled trials

Sanyal, 2004 Pioglitazone (30 mg) 4 Vitamin E, N=10 & months 18 (9/9) 0 Yes Yes Yes**
Vit E, N=10

Beffort, 2006 Pioglitazone (45 mg) Placebo N=24 & months 47 (26/21) 100 No Yes Yes
N= 29

Ratdu, 2008~ Rosigitazone (8 mg), Macebo, N=32 1 year 63 (32/31) a3 No Mo Mo
N=32

Aithal, 2008% Pioglitazone (30 mg), Placebo, N=37 1 year 61 (31/30) 0 Yes MNo Yes®*
N=37

Samyal, 2010 Pioglitazone (30 mg), Placebo, N=84 2 years 142 (70/72) 0 Yes MNo No
N=80

Open label trials

Caldwell, 2001% Troglitazone (400 mg), Nong & months 7 10 No Mo Mo
N=10

Neuscwander-Tetr, 2003°"  Rosigltazone (8 mg), None 12 months 22 24 Yes No No
N=25

Prommt, 2004 Pioglitazone (30 mg), None 1 year 18 0 No Mo Yes
N=18

Hepatology 2010;52:2206-2215



Table 2. Outcomes of Glitazone Studies for Inflammation, Liver Cell Injury, and Fibrosis

Lobular Inflamm atlon Balkooning Flberosls
Intragroup Change vs. Intragroup Change vs. Intragroup Change vs.
Change Comparator Change Comparator Change Comparator
Aurthor Drug Dose,/duration [Trend, P) (Trend, P) (Trend, P) [Trend, P) [Trend, P) [Trend, P)
Caldwell, 2001% Troglitazone 400 mg/& mo = - - - NC -
NeuscwanderTeti, 2003°®  Rosigltazone 8 mg/12mo - - |, 0.003 - NC* -
Promat, 2004™ Pioglitazone 45 mg/ 12 mo |, <0.001 - |, 0.001 - |, 0.04 -
Samyal, 2004 “° Pioglitazone 30 mg/ 6 mo - - |, 0.01 NC NC NC
Beffott, 2006 * Pioglitazone 45 mg/6 mo |, <0.001 |, 0.008 |, 0.001 |, <0.02 |, 0.002 NC, 0.08
Ratdu, 2008 *! Rosigltzone 8 mg/12 mo NC NC NC NC NC NC
Aithal, 2008 *" Pioglitazone 30 mg/ 12 mo |, 0.04 NC NC, 0.09 |, 0.005 |, 0.006 |, 0.05
Sanyal, 2010 Pioglitazone 30 mg/'2 years - |, <0.001 |- |, 0.01 NC NC

|, improved; NC, no change; =, not available; PSF, Zone 3 perisinusoidal fibrosis. *Improvement in persinusoidal fibrosis only, P < 002

Hepatology 2010;52:2206-2215
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