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HARTRE, WA FRER

[l JB5 S 6 T B D s, P B AR A I E SRR 1 9 S A RER E 90 S H o b
B ARG I ESEUAR JG 67 O TR N R (B 1,2) .

100

MST 1.6 M Stage I (n=33)
- ——= Stagell (n=134)

Un - Treated =-—-= Stagell(n=62)

% Survival
(9,1
S

Stage I (n=115)

100 1
= ——= Stagell (n=42)

MST21.6 M

Treated

0r I T~

% Survival

246 9 1218 24 30 36 4
Months

E1 REMBAFEEELT5RIETNETESE(MST 9 Months)

(Okuda. Natural History of HCC; 850 cases Cancer 1985,56:918 - )

1 F~ Survival by TAE
a0 4
08} lyr 78% (a;;?sz) 5298 sessions
° 2 yrs 63% (989)
s 06
s MST 40
T 04T Months
7 5yrs 36% (356) e
02F e
6 yrs 30% (215)
0r 7 yrs 25% (104)
0 2 4 6 8 10
Obi S, etal 2008.8.31  year
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OS - Primary Endpoint
(ITT Population)

— Sunitinib
Median 7.9 months (95% CI: 7.4-9.2)

Sorafenib
Median 10.2 months (95% CI: 8.9-11.4

HR 1.30 (95% CI: 1.13-1.50)
P=0.0010

£
>
=
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<
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[
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20 25 30
Months
Patients at risk

Sunitinib 530 354 208 112 41 8 0
Sorafenib 544 388 245 139 61 12 1

P value based on stratified log-rank test; Cl: confidence interval; HR: hazard ratio
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Somatic mutation in coding regions
Blue: substitution

Red: small deletion

Orange: small insertion

Copy number changes
Red: copy number loss
Green: copy number gain

Inner circle: chromosomal rearrangements
Green: inversion

Red: deletion

Purple: translocation

B4 BHARKTRENFESERALZLEA

[ Permission obtained from Nature Publishing Group© Totoki et al. Nat Genet 43, 464—469 (2011) |
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1979 2012

region pre-S (163 aa)

gl

region X (154 aa)
3000 nt 3000000000 nt

6 1979 R 2012 £ LURIBHZERF 5 #

2% U

[1] Tateishi R, Omata M. Genomics in hepatocellular carcinoma-a big step forward. Nat Rev Gastroenterol Hepatol

2012969 - 70.

Masao Omata, M D
B M m A TAE, R AHAR
LWARB S P RER,BARTAY

Masao Omata #3% B 3] 4 ( Hepatology International ) ¢ £ 89 % F £ 4 ., 1970 5
HYFERAFTHRE, BLEHRTTHRXFE—AHAFTEZ, EBREZ3 F32
NE, LEEEBHRER G MM K FH LG, F48 2 T Gerald Klatskin #
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#R AR AL CCC AR AN RARBEETRGBAGXES T,

1992 4 Omata HKXFNARXKFF _AHRFEAREREIL ZTRZEAFTREL
PE-RBFEARFELEAPIEICHESRZAG A TA, EH TR ZIALE,
Omata 4% T 1997 SFRREARXKF R MR T 2 245,

2009 4 Omata 4 M AL R E TP R Exfe Kita ERBHHTERG K, £
ARALINGG 19 518, Omata I A B Mk A= BT IR 9% 5 7 @ 28 )6 A & K # A= l6 K
FXAL 4] FHo RZZB AT 40 BIFIERF 2L KIFHFELF2(2006—
2007) % 50 /& B A B M 32X (2008) 45 K & £ K. B 7 b 2 ( Hepatology
International ) (. KB F MBS L E) L EHEH, ERTHRFLE AP L
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Timothy Block

Hepatitis B Foundation, Pennsylvania Biotechnology Center,
Doylestown , PA ;18902 , USA
Department of Microbiology and Immunology, Drexel University

College of Medicine, Pennsylvania Biotechnology Center,

Doylestown, PA ;18902 , USA

T8 1) SR ST A T AT R P P e AR L 22 o AN SRR I 9 AR 1R 2R PR 1
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BT 41 f 9% ( Hepatocellular cellular carcinoma, HCC) £ i %L Jig AiF 2 5E K &+ HE
755 = B AE S BOR T — 1 5 ASET: A rp A S X R AR R T
BOMEGER E T A AL E B R W ILA R R R T
Z—threm

LA A T LI K M S T AR TR S R AR X R R
AIPPAL , B AT AR D A A R PR — e o R RAR N Honl e T I, EATTRY
SO B RE A A 25 AOSUR B2 W AR AE VR T o 3 B9 AR 4R 28 1L 1 A= WA



it AFP FH A SRR AL 20 L3, B 2 — 263 09 2R W ki, i 4n DCP, K I 4 (4
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M ARA M BULE R0 TL A ST A 08 58 M I AE T 3R AT A 45 R, #E
NN GP73 s A I ) — A R A AR

BB A5 B, B i — WA 5 4000 A (i 800 A K T4 A A, 600
DK FREARIR O BB W, R GPT3 [ AFP ELA5 O 88 1 i Jse b e S 22

SCPR b, BAR GPT3 AR B AR S AR N RS B P g s SR i A
5 R PR M A N LS PP g v L L, R — S R, GPT3 5T
88 T 9 22 JR KR 5, {EL I 35 rb RS 0 B 3 R e AFP RESR AL Z i (0 . ok
HRATLI S LT TSR T — 2 7, MIXE T AFP, 75 X 40 JF 4 1k T 968 4
A e RS BL T, GPT3 Rl B AL i 2 M ) 8 (1 R B 4 e M oL T
FHILB L, BT b,
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Fricd’
il /HCV/HBV/ f-kin’ &
,  AFP’ GP73° f-hem’ EESd N
Cirr/HCC(n) f— AIAT
BF5% 1 23/0/23/0/8 N/A 0.98’ N/A N/A 12
W32 56/0/0/152/144 0.6l 0.79 N/A N/A 13
383 20/0/20/20/20  N/A 0.80 0.95 27
3T 4 00/00/00/113/164 0.83 0.89 N/A 0.79 24
Ref set/with IF failure
3% 5 0/0/0/200/100  0.80 0.64 0.62 0.70/.55
samples , unpublished
WFgt 6 20/133/33/32/72  0.82 0.90°/0.89 0.95°/0.87 0.80 25

' Marker utilized in study. AFP, Alpha-feto protein; GP73, Golgi Protein 73 ; f-hem, fucosylated hemopexin ; f-kin, fucosylated
kininogen. Assays as in grant text and citations.

> Number of individuals in the given study with the following clinical characteristics: Controls ( no evidence of liver disease) ;
HCV ,infection with HCV but no evidence of liver cirrhosis or HCC ; HBV ,HBV infection but no evidence of liver cirrhosis or HCC;
Cirr( cirrhosis) ;HCC, hepatocellular carcinoma. Diagnosis and distribution of viral etiologies comprising HCC and cirrhosis as in
grant text or citation.

* For each marker the AUROC at differentiating HCC from cirrhosis is given , excepting superscript(5) ;kininogen(kin) , Alpha 1
antitrypsin (A1AT).

* Citation of publication of study.

* Ref sets including with rebetron failures.

* AUROC for HCC against all other disease categories in study.
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X I A AEL T TR 1 3233, 0 f — BRS04 4 3l 7 i o A ) I
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TE T H 98 A B 25 15 A 060 12 T 20 TR AR 1 1) 5 R R B B, A S B e
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AT, XoF P R e 2 0 b 1 B0 MR R A T G DA R A9 T RS ARG 00 3k 4 A S M 5 A
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2t (Block et al, %) o
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BUGF BT 78 0k BRI 2 T R AR ) A 8% O /N AR TR TR AT A
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WF5E , AUROC f{HIEE] 0. 75 Al , R4S X B AR T 5ol 1] AFP JIrik 3119 0. 81



O fEL, SR M0, & A e fE T Ak A T GP73 TR 14 0. 65 B (BFFE 5,38 1) .

R2 ®IGPI3KFEMIEKEE'

Affect upon serum GP73

Increased age Increases
Increased ALK PHOS® Increases
Increased MELD’ Increases
IFN failure’ Increases
Liver cirrhosis Increases

' The affects of the patient information shown in the first column upon serum GP73 levels is indicated in the second column. This
is based upon our analysis of data from studies 4 and 5 Table 1). The indicated patient variable, alone ,was associated with increases
in serum GP73 even in the absence of HCC

> ALK PHOS is serum alkaline phosphatase , which may be elevated as a result of bile elements in the circulation

* MELD, Model for end stage liver disease

* IFN, interferon. This is based on HCV patients who have been treated within and failed to reach efficacious clinical milestones,

with TFN and ribavirin

W 3 2 R R CTE — 2 25 B, R [l 1 43 A T A S o R SRR, AT R A AR AT Il R
FRE R TX GPT3 A1k, B 38R T — AR R U6LEH GP73 K
S ) B 45 A 2 R A I PR IR 22, LA A3 B — A N 1 988 A B B o xR T
FIFH GP73 (g 7K SF-PF Ay & o i B 1) ol ot M A 22 5

Decision Tree
For relative risks of HCC as a function of serum GP73

Elevated GP73 Elevated GP73
IFN Experience
IFN Failure  IFN Success Younger, Older, normal

Higherrisk ~ Lower risk elevated AlkPhos
AlkPhos Lower risk
Higher risk

3 fER GP73 fE 3k &5 47 A B XUBR 2= 1Y R SR ¢

AMRSE TR RIGIT W AE TR 4321, SR 5 380 2o 4 0% R 1 98 2 g oA i — 20 IX
gro FERBJLE [:l:fﬁ%ﬂmli’ﬁ\%f)‘lﬁﬂiﬁﬁﬁJ%%E%"J (1) 7 #2186 (Evan et al il
Devarajan et al, {5 ¥ ff ) o
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LA B2 AP LR G PR AR A IR N O T AR R (1) B
J7FH A0 PR 5 DB T R Y R B R o TR A —E R IR ST T E
WAL o A0 Z 2o 00 o i A AR A Bl BT TR 55 A B K (Wang 4. Hepatology
2000) , I 22l PR BEAL X BB T L 52 , Hy7 Ak B AR B2 Ik . 1180 il JiF Ja AR i 1k
BTGS2 R W], & F T PR TR W J0 Ak 2 4F A A7 3R 35. 4% (Shen 4.
J Hepatol 2010) o A i KA TG IF KN 5 TR MEIEIR T BRIUIAT i 3 4
HEA7 31K 44% (Kasai 45 Cancer 2011) o (2) &I LB AR - SAE BH B3 fie i
B BN IR AE I 5 7 S FF AR (Mantovani. Nature 2009 ) o S4E X AE 19 A 2E VK
J& RZ% RS YL E MR T, B Al AL 1Y G FIR 36 5 1 SO ( Grivennikov
%5 Cell 2010) ; 3 dy s H B ul RIVRE M B A% — 28 90 a] T8 A8 40 R 36 7 771, Q]
) DT PR A 2K [ A 4T 8 500 0 4 B DR 336 07 BEL BT 8 4 /N 20 1 /N A M R TR
(Dinarello. Cell 2010) o FRA'T A 52 36 1o % BT v ok JBlE 2 05 o 5 e &40 S, 3l o 940 7
e Mo AN I A8 2B B, 7T 3 5 2 3 5 (Sorafenib ) i Iy JIF 48 19 97 24 ( Zhang 2%. Clin
Cancer Res 2010) . (3) IR 2> THEHIIAYY - 2 75 R E PO N 23R 7 BT
T WA S , A G A L B HE AR Y 22 55 SE 0 A TR R 5 S R B A% (Feng 55
Hepatology 2011) o T 4F ¥ & 2 7 52 5 Hofh 70 1 4 1l 25 ) sl Ak )T & T, i 2 3%
RS ZH G T Z R 2 M (Abou-Alfa 5. JAMA 2010) . (4) &4



Sy VET 100 T A R A B R R AT A, R I R 2R P G A R A E 1 18 v N 3 AT 42
9o A ORI I A8 A2 B ( Thaker 45, Nat Med 2006) o iy it 4> B P T Fil{E 45 B 4L, &
GPE TR A e A ISR 2 s HITRAM TR B A 2 1
Ho& w5t W, Ju R e AR TS KR 5 G 90 I DA i . 5 IR IR T
{ELAS A 500 5 1 , A7 41 R & SR #2 ALl ( ASPH) 671 i 1 A 2 4R 40 i ( DC) 1,
WAt ASPH J B0 A= Bt I Re 5 CD4 + T 40 il , v sk 2D i 9 &2 & ( Shimoda 4.
J Hepatol 2012) , it Je7 Z& figk 4y il Y 1) % 9 IR 200 B AR 2ok 4k B 8 3 07, A 2 AL %%
FPRHEENTEM y TR 1 (Palmer 5. Hepatology 2009) . f% #7 i it
B e R 52 U AT A0 T % 7% (Ma %5 Hepatology 2012) , FUR iR 8 R 52 14 7T
A T e 7% (Liao 55, Hepatology 2012) 25, ¥y 52 78 N 70 W T B I g . K&K
3 520 56 0. S IR T 87 e 9 e 5 175 A2 ( Yang 4§ Br J Cancer 2010) 55, 1 Jy A%, 35
TR R, (5) B I B 25 . v I op 25 34 2B i 75 o] B4 59, imi < Bk
1 B VE R AT Re A He b A7, DT 2 BI04 e A0 I AR VA O R AR AT . W R TR
T 2553 7, LB b AT REALFE P A 0 BRI PR P I0E A  B  fE AE  2E A 1E
Mo HEFER AR AT A IR R LA MR IR IT o FRATE A 5% & B
5 MR RN AR AT R 4 AR i 2 (MMP2) A E N AR KR
(VEGF) i P8 T2, % g AR KA — i 30 i 4 O 28 4 Aip 98 AR A7 300 5 38 ] 3]
R - B5 5 1 (E-cadherin) () il th B V0 R B4 Y7 15 00 5% B8 O A8 KB AF
(Xiong 4. BMC-Cancer 2010) . (6) & IfFIBTEMIGIT B F M T — RIVH A
ST HE R ANZR R, A/ RNA R AH OC 73 (OO0 L& {5 5 38 2 A T 48 i AH OC 43
T) ORBEFNN 43 WA 1 43 PR P R A I IE H AL B 2250 2R AR DL ] —
TG . WA YT A R I R AR S R VE Sy S0 I A AR B IR 25
(Shichiri 4. Cancer Res 2009) , XS 7E IG YT H, 7 RNA fH75 7, 4 miR -
139 38 3 F 18 Rho-kinase2 1141 JIT 9 5 % ( Wong 5. Gastroenterology 2011) , miR —
7 F4 P13K/AKT il %41 1 T 9 55 %% ( Fang 2. Hepatology 2012) , miR — 135 N i
PENT R 56 7% (Liu 2. ] Hepatol 2012) 4%, S ARG ST E I

HRET R ERE

FATT SR B8 5 1% 5 FH T 88 19 98 K IR0 T 2 39 A e B0 e e A 1) 0 o ) 2L - IS
P VD BR AT L MMP2/VEGF 1 fie 7F 5% 98 5% 78 ; )7 198 TMPRSS4 g ik iz 1]
¥ % (Li 2. Cancer Gene Ther 2011) ; YD M AHAL T T i 3R S — 45 3 8 F M fie ok
BER s HF 30 Bk 45 FL I = B B-catenin, 375 & b Bz — [8) J5 5% 4k 1 42 7 # % (Liu
5. Clin Cancer Res 2010) ; 23 3¢t [ A¢ fle £ 50 (9 1R 2R B 1. L I SCHRE A A

[FEENEE
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DAL AR TE « FELUST 96 I A4 A i R o e 9 4% 1 ( Hayden. Nature 2009) 5 70 100 % 2E
OG0 il i A K, LR 1E %% 82 (Loges 4. Cancer Cell 2009) o Sy i, %t H Aif #
(1 78 I TR 9 32 OB 5 E T 288, A 5 T R 0 v i A i A X R T 4R v B
AIFIEIT RN — 258 A . AT STERMT TR A A B, 45 F DL — 285 25 ) Al Dk
B A O AR, AR A 25N T AR AR I 22 58 K IR R TR | el ] DT
SR TS5

FERBEX MmN

SCHR AN T BT GBI 7R, I 45 Bl 7 ik 1 5 AR AR AE R (TR 4E 60% ~80%
/NIFREVIER 50% ~60% , KIFFEVIER 30% ~40% /N8 18 b7 % 30% ~40% ,
S FEHPKNAITRTE 20% ~30% ) HERIT H e IR A ERREEBE K. &
Fie/NTFIRE DD B 40 4F R T B B0 4 5, B 10 4R 5 AR AR A7 RAKIR O 57. 9%
57.9% \55.5% M1 58. 1% , [ J&: X e o S A WA T Inidk o B AR AE e e ¥
Jrifn, BT — 28 AR (1) IR R A2 AN S MR S B R < AT 5T 82 s, I e 76 1%
REE T D K 0, B /0N T o mT A AR e A e A2 BE ( Ye 2. Nat Med 2003 ) .
(2) FREHERE 5 S B RAE PO 58 5 28 4 U0« 6 B JR T 17 A4 4 88 8 A 5% 3 I
AL A% (Budhu 25, Cancer Cell 2006) o it i 4% 8% 0F 58 AN i S &1 Xt 98 41 it
Uner e S (RO IE) "R KA AT Do (3) IR % A% s 8 vl L XL 1k) 42 < Bf ] A7
SRR AT AZGE o AR b KR T I AT AR He A% e 2, R B — SR T R AR B
M fe . (4) BhR T 4076 i 55 A% bl S SR A o T 20 i 15 fol 30 J5 26 Jo 40 A
G AR A RETE 10U # 4: (Malanchi 4. Nature 2012) o (5) % #5172 Ji 41 it 2 [N 22
g &84k ( Clifford. Nature 2012) o FU BT A X 2045 BOHU A ST ik 4R I ER R

2, g e PRATE FEATS A T T G2, 91 K Al R A7 S8 S 6 A 1 T 18 3 ik e A BTL A
YU 2 B Y D T, OO AR W) 2R e it — A R R R A A A G B R



7SIk Bt
AARFHBARITK LELRFWE P L ERN
G I AT H A%

BRELFBEALTFH FETTTEEEA, PEAIRRESZAIRY
HEaMRE, ZBFRAANHFZFLALELR, AELLXFHF BRI K AL
BXEREFDERFBIIAHE HEEFT, CEEFRERAEE b EK
BHATEELERS IR FHEFQNAK LBEEAXRERK,

AREEBRFRERFAARR R TG RFE A, 24 3FE LRI G K
I 9% ) £ 2, B FRIF 9% 57 32 X A Hans Popper #8 “ 13X — #E & Z A RN RFo 08 57 I %
HERBRE”, CHITERFRMIGBRES FARAERSG B, AT BKRREGZE
By THZIE H, EFRIBATEEBILGHR ,EBHRLERT
EREESBEAITBERA e m R, FFR DA THBERSGAR ., 2 RAEE FRE
HERAEFBENER,90 2 REBRFRANAEFEES, 57 K LB FRFREF
RKaWFEER ., 1 AAGREERHRE2ARRXREELT R, EHEFF9 K,
A BEREEE 16 A, &k SCI & AT 2 % X 288 % , 4 5] A 6759 K, £ I 5 AR
BAERBELFEI(KRES 1), 1979 FREBBEARZTTETER &M, bk
BT RBEENBATAARG BIRRAL, AFH—HFRBARARRT —F L2 R,
ZER2F ATRMAHAK TR PAEFHASZL FPEAIEHARAL ZHTE
FR,OAGHORELF AR A" FHRFT LETHEASEF RRAET,
BAFCHELIEEAES9OA4AR LR EFH LB,
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&
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Al P 58 5 A e R I T K 2k

F 4B

FoRERFRFIIAEREDES P

P38 s 1 55 T R UL IR, LA T AR A R R R e B = i Tk =
SRIARIA YRR T B S R BN RS W 5 ik e R PR s . FAT TR A
e e T 5 0 A e A% Y ML 1 O T B

JFF 98 2 JEF 400 I g i 8 DL #0075 % o AR T B R I
AL S R TR IR 22 i TP £ 44 I BE AL, 22 7 7 A= g0 Ak 5 R B0 T A0 L, fe 6 5] R
IV 440 6 1) A AR o JRUAE T 0 R e B0 R S R A AR S A el R WL AL o AR EE
— 5 WY S T B A 14 18 1k SR AE 55 I A B R R AR ARG E e WA . R AT
ST JFHEAR AT 5 1k B0 98 AE -5 T 200 I Jf 1) A Ak S A 0%, L B R E RO B A
JFT 200 0 9 14 2 e v e HAE T SR A T o A0 Pk R M ) 952 T R e A A Y sl R
YE/ TR A S o S0 200 i o 8 B9 45 b A I DR 1 B A DR T L A A i
5 JFF e 200 i 2 1T 2 19 TA) 9 4 Mk A ) GBI
RALWIGI . MIEIRSEIN T 5 BN R EMRE M S PR RZNE TS T X
S IR F RE S TG 22 Al B SR I F, W NF — «B STAT3 (AP -1 % il £
Fof T Y R DR 0 R R P R A A R A SR A . AT R U R RE i AR
AT SEAE (BT SRS, A AT BE G0 TR 19 A0 R T B

BIFFE A i TR O R — /INBE AR D il Jed A e 200 G 5 8 T A0 M A A0 . X s
240 2 R b — R ER R BT 3R R RE T 0 AE RE ) AR P SO A
D= A TERE, 2 5 R AR I S R R . RS ST S v Yk s B
7 BT 9 A7 AR I DS T A, T G2 A g B A R R RS o RO B T 4 e
A T AR A L RO B AT T B 52 45 I R A )2 3G B B RE ), O ELAE AR E A%
PF R RER Ak o AR AN o DRI, JiT A0 M A i 25 ) P 58 b ml e 2l i 25 70 e
FeA o JTF 8 T 20N, Ja sl I A0 M8 1 A 2B o T T A0 I 8 53 — b T B 114 240 it R D
S VAP T RN/ A A . FRAT R R AT S UE W] T HBx RE {2 7 AT AT 1A 20



>.

958 I 3 EOR i T AR 7= 2 5 i an p28 X AR EE A AT 22 T ORI S R
e 2R e AR M B TR

— BB R, OB PR IR TR (N 5 R A R R A, S AR T AT e A
JFT 440 JE 9 A P 0 T ) 5% 2R R AR B I SRR . IR ZE AR (MS) J2 H
A5 e B A S A R — 2 B2 R . MS iz 48 FLIA & A A 5
A R AT B4 R TR AE R | R R LA W RO R L o [R] P MS B A AR
W7 R i SR ARPLER G AL, I B 5 1 P ST IR S U AR DG o e oh, IE o AR Bk
T3 B W 2 HCC WA B FE I N o feill — e 2R3 R GE 00 A 1 13 4> 491 %o B
WS, Her 11 A9 B F 58I 55 1 B R Al HCC e 2R 22 [] 1R SR 7 3 28 4]
SO DR BT S0 RO BT 5, ORI ) A AR B TR T 2 A G
A JES PR 114 5 25 5 5 5 A SRORS P 105 T (NAFLD) A5G . NAFLD 2 947
[l 525 | RS M BT 09 B i DL LI 2 — o NAFLD 40 5% — R GR35, IS i
DUBR RAE KA REREE S 1 B A TR R JIF R (NASH) | Ji5 38 2 23 W0 10 JiT 6 4k &
I R AR IR Z— o

55 RS2 B A A 25 A AR AH 8L, NAFLD/NASH J2 HCC i = fE [ &R, iX — R i
PRI TG K . — AT TS K W] NAFLD J& HCC fir EE MG K N R . 8ok M2 1
T3t 2 BA A B U 2 200 I8 00 P9 B2 2R R P (VEGE) |, R I 4 St 5 A2 il
AE T BUIL I B EH B2 I R TS o 72 sh R B b RS 1k T HCC g i £
fe T E %, a0 INK (PKB VAKT S i M5 5 1 3 Al G0 35, K L6 38 % 2 ] g 22F fi
Je A R o TS A P S ke RN BT R A 0 K P B i HCC /Y S AR AU, 1 $3%
MR ABLF- o] LSRG G045 HOC FE N A9 BFRE B o H AT E A — 2B T LR B X
— PG BRI T B4R i A0 A 3 T A O B IS IR IR TR AR PR
o R DR I, H N T R S TR TR 0 RO, R R o

JFF 88 e — b iR PR R 3K A A R SR S Rl RS B2 28 B o BRESR T 8 2 T 88
8 T 2 R, R 50 I B B9 36 7 X JHH 88 1 TR A 7 T 2 s AL I 210 57 Tl
PEAE H AT 0006 T AR BEAR . G, R 4 201 0 TR SR D R R 9 A IR I 9T
PRI o XF 45 b AN [R] 1 DR 3R A 8 5 545 20 M % Bt T8 93 7 AR 22
INGY R 1) 2590 5 8 AR ST B IR S N AT LB R R IR T ROR o B X TR A
[ 48 i 19 22 8 25 W 0B FH AT JBCAS e A R 3R T ROR o RV AT e A B o 1 %R R
R AR T T TS A AT 5 04 JSCR 1) i PR S 5% AL, BT, TR 1297 B F ST AR
K T i B A, AT B T SO

5
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F4aM KL
FoRERFRFMESIHERENZ T HF P
ERES

BRE SFADFER, KARKLFELB X HEHE, PELAE
Rt ZAEFTRARAYRIRE, EB S R4EKFH L, 5 E Max-Planck #F £ A7
AW EEF Pl AEF _FERFHAFALFT S EIE ADNETHFHL T
S EAE, LERFTITRRINARA TSR, RERRARAFELEASE
FHEIEE FRELFLANZEFL,

KN E TGRS 6 RATR, I B e915 5 M&RE TR 5T
HEWERZBLERNFEHEZ AN, £ Cancer Cell, ]J. E. M. | Gastroenterology .
Hepatology % R A X BAR B ;KB ASLAEAKZRI0OA, FARX A RAF=
R AT RATH AT L F



WPk SRUNE 5 i A BB AN R AR IR Y
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B E A K E B

18 4k £ T 98 s 75 S e 7 4 St 31 LA 2 — 1 T K i B X, o [ I B
Wbt , B4R 50 0 i E SE T LR SR 2 97 KAE , 1 1 EL B B2 9 2% T
FLE B AL 2 207 048 o 18 L RUIF 236G 7 B H Ao e it 1k 99 B 2 9 1 T 1k L2
AIBIIT S JHT 40 T 9 B ST 0 JR Ok % 1 2B 9% o MU A AR A ] o A SR
YL 259, 0 0l 2 TR (Bl F IR MMM R 2 BT ER) M
Bt () eI (BRI GE Bl A 45 iR U R 85 VB EE R E FBR i 6 ) o

WREE R A 0 B0 IO 28 WU 45 A , FATT LAY £ TAE 2 — B4R R v 357
ROMTE A H T8 A BT B 5 I L2 AN LTI s 8 F) o 5 T 25 o G Ak B0 5 SR
P18 5K B A ) S TR i 8 T B 25 00T B 0 T 3 00 M 003 o I 250 S oz A Sk
TIRIT BB ARG, 25 BN A SE o 24 88 B 4 75— F B InG AL 259

18 2 BT 5 g N DA BT B 50 W £ 4 2 T LA 4 = (RGT) 19 TR A
J7 B TR AU 1367 [ 18 e R AT 28 A% 2SI SRR T, e
TR 25 23 (CANREK R E VB B 2 ) sl RS B 5 A T (Bl 2848 55 ) i B 2R )
YyIFEaa )7, SR J5 AR N1 D0 IR B3R I Sms (B2 B ) | o

EFTHERESZ(RCT)(THEFIRT

TEH BT 7 — 305 2 An A i ] RCT b R & R TR o« - 2a JAJT
e BURMHMERF k. PP AR BIR 261 LEFLEMT 24 AR T
R o -2a BIRYT, HAF 25% (66/261) {8 FH IR ] T H WA M bs e (3R 2 e+
M EIRIT 24 JHJ5 HBV DNA <35 Log copies/mL, 3 H HBsAg < 1500 IU/mL) , 7F
WA RN A6 B S8 R ,26% (17/66) 19 & FEIR YT 24 JAIN A4 T e DU LS
Fede i AR SN A B KA e PURMLTG A 55 B 0 BBl A 6% o FHII N & 1 5%
PR/ e PUIEE M HBV DNA B AR T A R W0 24 2 . D) 24 3 1 3%

S B - 30 T R N
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T HBV DNA Hil e $t 55 FEZAH LE Y T FEKF (43 5102 — 1. 48 log 1U/mL,
-4.78 log copies/mL, —1.57 PEIU) th7EAE I N & & (430510 - 0. 41 log TU/
mL, —2.47 log copies/mL, —0.82 PEIU) B HIHA g o 3X T AF 7 K5 X 1% Z i A 4n
] AL ZR A Bn RV 25 45 5 1936 07 PR a5 4R A1 M (LAY 5 B, L R A5 B A Ak 6 7 i 22
IfIA] o XTI e A 45 2R AT o

Migiafr BE B ZE XU

R A 5 MR v AR R HA R A AR 25 I S S, B 28 G T e R
1 —2 254 (AASLD 2010 il EASL 2012) , 5% 3 5 0 W0 86 16 97 58 & 0948 Je ik #%
(P [E 451 2010 FI APASL 2012, {H2 i T—Z 258 & s, LA 13% Witk
)7 A R R AR B M PUR R )T 2, ik 70% (9 58 E U 1 ik
PRI E BT8R = s H R € IR T, S B0 T R A HE BN AN A e B
i 24

ET&HE (8) KUY E/ EZ Rk

ISR B R 25 254, QN HK 98 RN L R EAE N R BRIR YT 25 W, i
TR OISR R B 24, R AR i e N N B DL R IR T T & I TS
— R ICAE UM 25 A R 2580 o IR S A0IRIT g, K2y 2/3 1Y i3 7 2 m H H
Az (BR) KU . TR, 2 8 1Y S 00 25 SR RN B 47 19 9 AR DA 4 02 36 7
Dy oG, HET, — D OCHE By b ML B 58 (EFFORT study ) 1E7E H E 17, #: %
PEARIB YT 7 S8 0 fR 3 5 I Se 4 52 bR ME VR YT 1Y SR S AH T, E 2 Y R 3 38 B HBY
DNA <300 copies/mL[71.7% (215/300) 1 58.5% (175/299) ,P =0.001 ] , J5 &%
2egs i HAR [ 1. 7% (5/300) Fl 12. 0% (36/299) , P < 0. 001 ], 3 [F 7 fiif 24 5 %
[1.3% (4/300) 1 10.7% (32/299) ,P <0.001 ], HRIEIATT 24 J& i B o 25 1 i
MR 24536 97 (add-on ) 1 % 2 UL A& 9 B2 A 8500, B R bR HESR T 7 28 M
b, SR X RN 253697 W BB FETR YT 76 SR ARAS 1S B B 0 P wE ROR b

KB ELE (EASL 1 APASL $57)

FEARR , 2T [ R BT R AE 58 L R R 30, 8 2 09 6 T dim
BEZY W7 RN B R 7 A BEE AT R B MR IT R AR UCE A1
T B 97 AR BOR B SEAT R G4 [ G 1 1k O R TR B 2 PUW TR 25 A
J7, B At o fil 5 2 o [ IR A m] R B R e S A 2E T 9 R A R DL T
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ZEH T
Ay ERXFEH T ERREANA T

GHIEABWMAFTEEFARERFSABREIE AT ERRFREHT E
RBEEAFMIE, GREOEZZHAR T QA RFETELGEREER LT RF
Bt T &% b2, 4k (Hepatology ), ( Science) , ( Journal of
Hepatology ) % Z¢ & L & % i 3 200 & % .
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Ji€ AR PE SR 5 BT iR Iy Ui ik

Michael Roggendorf Z£

AR IR - AKX E R R

5 T AR H U B A 20 {2 st Z RUIF 45 7 (HBV) o H T B 1
Z TR 48 8 1 e BE e R 3t 170 AN [E KB LASK , ZRIF R A6 T B B e R E R4 T
W o R TR VRS BUS T R, (EA8 P 2 TR F 58 B0 R R — A A ER b i
HEM AL, 2ERA 3.6 ¢ N AbTF HBV f#8 Yeik 4, HP 44 100 77 AT
HBV 5G9 A4k ST o B T BOA 5 25 A FUE , A S8 B K 2 RIIT R 5% 1
) G e R AR AN TG o TR 90 15 B 0 45 SR IR AT 52, AR 2 AR .
AEMREE K Z T DL R L 5% ~ 10% & JERR M 2 BT %, KR,
40% ~90% i} BALAE 1) B Y & 25 e B N R T

AR A8k 2 B3R T BUS T 5 38 1 W S 25 W i v T I R L 3 K
T % (PEG - IFN«) U FF 2 (PT84 5 BB R ok ke Bk
FESERRE) 77 0 SR, LR 25 W 5 T By T B8 Ak A0 TR 98 1 Ak SR B i B 5 4%
RIS I, K2k T3 R WAL RETE 2 = 50 2 — W IR i SRR L I B0 2
SR YT T AR AT LA S R R R A I A 48 L (R
BEMIR T B 15 o 2 R4 3 1015 25 )5 45 B 2 S . K I R 25 T LA 3 3
Mt 25 , & SEQRIT RIS o I, B 18 2 IR T R R R AR U

3T (1938 7 iﬁfﬁﬁ%mﬁﬂfﬁlﬂﬂxﬁbﬁ% fift e S e 1) S

BT A S0 R R I B R T . LR S T R SRk g CD8
T 2 il AT LAGE &3 43 3 Thl Y4095 75 09 40 K-, 75 40 TFNs \TNFa \Fas — Fas — L, 3k

TR 2T BRI SR A (IR 1) o BE X TR A AR A T 2 TR
YR S P 20 L 38 IS 2 S F) SR 0TI R 2 B T T 0 o AR R TE R B RS
SR B RN R IR T — 3 Pk o A R TE AR I B B CD8 T T 4A L
TR RS U O i R B I A 1 A PR A B 1k 2R R TR
R R 11 JUF 240 M TG 4 9 ER A 0



Step 1 Step 2
NON-CYTOPATHIC CYTOPATHIC
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Clearance of HBV by Clearance by lysis
cytokines of infected cells
IFN-y/TNF-a

E1 @it CTL =% HBV B, @iT M E F (IFN - o« 1 IFN — ) # ] HBV S,
T HBV $5 5% 1% CD8 T 40 il i 40 i 5 i 1% 75 PR X L 40 B [ Desigse, A. Bertoletti]

TS R B OB AR S T i e R et 2, — R 51
L o = R EE R B B AR B R S M e B g e . R EE R 2
i, S BOR F R T 107 copies/mL, 518 M 2 I B #% 48 0k CD8 T 41 )X
R B E AR MR B K R 8 T TS0 BT 40t v T
2,5 T (K 2) . BFMILT %K 1(PD - 1) 5H A PD - L1(JRE) BT -
H1) 9 H HAE FITE B 11 50 2R 585 B 1 vh R ¥ T AR Y O I F 58 38 # 7
TSy F4n PD — 1 A1 CTLA -4 W DIfER s R b T 4 il g B, S 80X
@Qmﬂ@ﬁﬁ%(ﬁﬂﬁEFﬁIFNv Kiﬁﬁﬂ” [F) B, 32 AL ] 340 B 38 Ao 405 A7 30 B i

07 48 0 TR A 2 R, X — R R TR R 0T CHIVEE T R R
mEMMV@%“”$@Uﬁ*E§%HBV@%$mWﬁ*”“oﬁ S
UL B, U Ik 2 AN M, e e SR A i SR RE L SRR TR E SR R BB E 1
T 40 S BB 40 IARAN S G R B, e 2 R I 1 8 2 SR TR P B
(9 DC 41 2 B 7 A B AR K P B0 S AN IR 7, 0 o T30 R 5 i SR SE 1A 7
&”%oﬁﬁDC%w%&ﬁmﬁwT%wﬁm&T%wwﬁ””4‘:%%%m

AR, ok [ 18 M 2T S 6 9 DC 40 208 w5 K SF B3l PD - L1 47,
@ﬁaﬁﬁaﬁ P T ani o e T R

*wﬁnﬁﬂTCM CD25 35 1 T 41 M 7e 17 S vk I g 22 99 ML il Hh i1
PR fE HOV K HIV YL S R g, 835 Pk T 418 w7 LR 98 HCV 55 HIV
STk ) CD8 ™ 41, AT 2 MG B AR 2 JE M T 4R IR AEAR Mk 2 e
HRBR P I S 3 A . AR T, A T A8 M 2T R 9 IF M 5 i PG I F) CD4
CD25 " PR VE T 40Ma 73 Tk o /0N BRI 06 I W 985 0 T 290 o sk R ) 40 i 1A
RIS, T VRO T 40 B BTRG TSR o A, B4R g — i B A Tt A2 5

\
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Immune escape

Cytotoxic T-Cell

T-cell
receptor_|

o..‘“q

Ll T

B

Hepatocyte

2 GEREEALE . CD8” T Ak AE

PD1 and CTLA-4 pathway

CTLA- 4PPZA ﬂ

B7-1,B7-2
D28 - ~=..><

ﬁ /

T cell

Treg cells

( Nature Immunol 3,2201 —2205)

1. Therapeutic Vaccination
T cell vaccines

2. HBV specific siRNA: 3. TLR2 (Pam3C SK4)
suppression of viral of TLR7/8 (GS9620):
protein expression Suppression of HBV
replication

Signal-

Treg cells I ~
=~ .
transduction
Immune HBV 4( {I}
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Michael P. Manns

PEINELS VLNV LS LT Y
& B AT RE 4 4 2 Hep-Net

B E T AT T — A 2 = RIS, R 25 o H R EESE 1 A S
VERIZE o B A0 28 DL/ i BEAE BB 7 I B T 2, LA RO E b HE BT 200697 7 %
AIPEAL  BIFTE A S AL AR (TIT) FIF 9 32 5 A PR (IST) J2 e AN AT

1 [5] 55 4 S1 UME R 28 Hep-Net (www. kompetenznetz-hepatitis. de) T 2002 4= 4]
A, PEE BN (BMBF) 7Efc 9] 8 4E P2t 1 1250 J7 Mooy %5 By, H Hil Hep-Net
185 ] A L 4 2 (www. german-liverfoundation. com ; www. deutscheleberstiftung. de)
FH IR, Hep-Net FJ@uiH 2z — Hep-Net Study House =2 & IIT I R ik
5, [F)INf-t I & IST s PRI , X 261050 45 2 BUR 8 AT S 45 25 B il 2547 M A 5%
Wy. 18 Hep-Net S MEN AT R P50 Horb —IUkss . JATd S T —1 70 £
A TP ZH R M D 2%, 6 P AR B — I VR R T IO R A8 M A AR AT ST

M) G ds TR R CHTEE DU NI R T RIS (8 1.2)

BRI, X fof T P 3R B — ik 7 B P e AU B35 7 T 74 W 79 e S e 2R AT i

Competence Networks: | www.kompetenznetze-medizin.de |
. —_Leberstiftung

......

500.000 chronic hepatitis B

500.000 with chronic hepatitis C

10-50.000 with chronic hepatitis D

ﬁﬁﬁﬁ

B1 EEMNZRINEE



Structure of Hep-Net 2002-2010 “eberstiftung
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/Kumpc[t'nlnt:lt - Telematikplattform e.V. for Olﬁ’}ﬁw \
Hepatitis Medical Research Networks

Pathogenesis
Genetics - Immunology

Quality control: Tele-

i ey Vi
e Mo CORE

FACILITIES

Serum-DNA Business
Bank Unit
Tissue- \
Bank ITUnit
HCC-
Registry

Interactions with other competence networks: M l | o r
Rheuma — Lymphoma — HIV/AIDS odel regions

www.kompetenznetz-hepatitis.de

Mechanisms of

Epidemiology disease progression

VIR(&IL

Public Health Viral resistence

< Horizontal networking 2

Patient self-help groups In vitro systems

Study House Animal models

Liver transplantation Start-up-funds Il

& Vertical networking =

Networking of the project fields within Hep-Net
and integration into other (inter-)national networks

02.07.2012 /]

2 MKZHLEH
WETEFLHL ) Hep Net IIPIHFRE 2580 At Z ih0idEax) PEG - IFN BG4
BB AR A AALTE T A SR 5 7 0903 5 30 1 s AR R IR 7 R 22 it 1] AT 1 0152
Horp— L8P T A5 R E WS R DL EPRIGTF IR R R o LAk, JA 1 5 25 4k 51
PEATHAL IR AR IR, Al ] PEG - IFN 05 A 5403697 2 B 3 B HCV &L,
_Ei& REDD2,3 B 58 55— 45 f8 E B R 2% [ Prfe iy Hep Net A58 (LK 3)

Studies to Individualize HCV Therapy

INDIV-I Study

2 Iog‘gdecline

OPTEX 2/3

;‘LeBel"$1iftung

24

-@- Fast responder (TW4: HCV-RNA < 50 |U/ml)

- Responder (TW12: HCV-RNA < 50 1U/ml)

A Slow responder (TW12: > 2 log,, decline but HCV-RNA > 50 1U/ml)
~® Nonresponder (TW12: < 2 log,, decline or > 30,000 |U/ml)

T
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REDD 2/3 Study - SVR by Treatment Regimen

B A: PEG 1.5/R (24 weeks) 67.1% completers
100 - B: PEG 1.0R (24 weeks) VS 85.7% in clinical setting

O C: PEG 1.5/R (16 weeks)

751 865 643

60.0
56.6° 58.6

50

SVR, %

25 +

All Patients HepNet Cohort International
(n =682) (n = 347) Cohort (n = 335)

All Randomized and Treated Patients

Treatment differences (one-sided 96% Cl):
*Grp A - Grp B: -0.02 (-0.10); P = .041.

"Grp A-Grp C: 0.10 (-0.17); P = .496. Manns et al, J Hepatol 2010
Noninferiority not achieved for all patients and individual coherts. ’ p

REDD 2/3 Study - SVR: Completers Analysis

M A: PEG 1.5/R (24 weeks)
B: PEG 1.0/R (24 weeks)
O C: PEG 1.5/R (16 weeks)

100 -
81.5 79,90 0.0 80.5 825 79 4
74.5
67.6
75 1 59.3
R
¢ 50 -
>
w
25 - z|e
= | = § ] S| 3
a & & & e
0 =

All Patients HepNet Cohort International
(n = 520) (n =233) Cohort (n = 287)
Completers

Treatment differences (one-sided 95% CI):
°Grp A - Grp B: -0.02 (-0.09); P=.024.

*Grp A - Grp C: -0.14 (-0.21); P=.798. Manns et al, J Hepatol 2010
Noninferiority not achieved for all patients and individual cohorts. ! P
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Genotype 2 and 3 Results: THE REDD 2/3 STUDY

= SVR for Asians as good as for Caucasians

= We should distinguish G 2 from G 3

= PEG - IFN alfa 2 b 1.0 pg/kg practically as good as 1.5 ug/kg in
combination with Ribavirin, weight based dosing

= Real Life may differ from clinical trials

Manns et al, J Hepatol, 2010

E3C WERX2E53IEFRMBTER

)5 ,Hep Net i7E#AT T RUFR QBT Z E 2 .ok, His 41K
5 HIDIT 11042 1 48 Ji PEG — IFN (B #4555 & PEG - IFN BR 4 Bl 8 48 55 1R 7 197
MK 4-6), 18E T HHEMAENZ D025 7%, Hep Net HIDIT [1ix{
55K Lb 32 96 J§] PEG — IFNa-2a B2—J35 97 Fil PEG — IFN/ &1 f8 35 16 G 18 97 197 3%
Hif HIDIT %0 & 5¢ A, 78+ HH Al % 5 Je AR = [F] B #£ 17 . Hep Net
WEFEE A F R R Z oL i e £ 48 IF 48 B Hep Net BHUF A 51 1Y %l 58 55 4% RE
T Z2AFI H ST 3G 3E T X s I R 0 BOm LT FaR T 5 AR

The Hep-Net/International Delta Hepatitis Intervention Trial
(HIDIT-1)

Kompetenznetz!
Hepatitis

PEG-IFNo-2a (180 pg oiw)

secsevenensvscnsene

n=32*

Adefovir dipivoxil 10 mg daily

n=91 n=29 PEG-'FN(I-Z& (180 “g Oiw) sevesescssscscsnes
Placebo

Screening

n=30

TWO TW24

TWA48 F24

Wedemeyer, Yurdaydin.....Manns, NEJM 2011
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Treatment of Hepatitis Delta with PEG-IFNa-2a:
~25% Sustained HDV RNA clearance

A HDV-RNA B Median HDV-RNA Levels over Time
1 m Peginterferon alfa-2a [ Peginterferon alfa-2a [l Adefovir 7
+ adefovir + placebo =E_ Adefovir
50 - 64
2
8 54
40 < Peginterferon alfa-2a
% g o + adefovir
5 3 —F
2 e 3
& 5o 3 Peginterferon alfa-2a
I 24 + placebe
c
10 :§ }——— Treatment ————
=
0- 0
HDV-RNA HDV-RNA HDV-RNA HDV-RNA Baseline 24 48 72
negative  >2 log,q decline, negative  >2 log), decline, Week
copies/ml copies/ml b
Week 48, End of Treatment Week 72, End of Follow-up
Figure 1. Virologic Resp to Ti t as Determined by Serum Level of HDV RNA, According to Treatment Group.

Clearance of HBs-Ag in 3 patients treated with PEG-IFN & ADV

I PEG T EIGIT THUAT R , 29 25% R HDV RNA

Hepatitis B Register: HBsAg loss

Wedemeyer, Yurdaydin

M PEG THE I ADV,3 8 i Bk T HBsAg,

4 RAAYTRTERROARAR

{

p

& 5

*~ 30 centers will participate
*HBV-patients will be included
*Follow-Up 4 years

*Documentation of baseline factors
*EDTA blood will be sent every 3
months to Hannover
*HBV-Genotype (first visit)
*qHBsAg every 3 months

«Data privacy concept of Hep-Net
allows storage of Plasma for further
testing (i.e. cytokines, other assays)

BEX ZHFEE M HBsAg iH KK KB T

(30 NepvSin, BT 4 )8 3 AN —X HBsAg

;‘Le‘bershhung

Manns, NEJM 2011
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S PR T 5 6 0 38 00 DN rh b AT 45 P, (X 26 3t 5 9 N e 3k A5 1 4 5
PRI S BE R 2 20 (22 90 AE AT, e B A PR A 3k DR TR % W ] AR I
Ja BN A S A 2 MR M SR o TR AT A PR IR, 2 8z
T ik DX PR ST o BRG JTF H Fop R e F BT I M I A ARRT S RE . 2002 4, T
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Areas for Discussion:
Toolkits to Enhance Learning

® Toolkits or toolboxes are designed to provide
step-by-step guidance and other resources to
support consistent, timely and appropriate
investigations of public health objectives by
physicians, scientists and public health
professionals in better understanding and
managing liver disease.

® Differ from textbooks by their detailed roadmaps
and extensive explanations
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Areas for Discussion:
Toolkits to Enhance Learning

® Toolkits increase statistical power for data
harmonization resultingin the ability to
detect moderate associations.

®PhenX Toolkit for relating phenotypesto
specific genetic variations

» Provides a core set of well-established,
high quality measures for use in large-
scale genome-wide association studies
(GWAS)
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Areas for Discussion:
Lecture Halls Without Lectures®

® Overhaul outdated methods of classroom teaching

» Develop online video presentations with quizzes
to engage learners outside the classroom, then
use the classroom to stimulate their curiosity
through case-based, problem-based and team-
based exercises that activate prior knowledge

® (linically, there is a need to exploit and embrace
the wireless digital technologies that are reshaping
the future of our profession

Prober CG etal, 2012
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Areas for Discussion:
Digital Tools, Mobile Sensors and Advanced Processors

® Smart phones and iPads (tablet computers) will
be used to check vital signs, EKGs and glucose
levels on patients

® Cloud computing will allow physicians to receive
and analyze information digitally

® Finally, pharmacogenetics will become a
dominant playerin the clinical arena and will
alter the approach to treatment

HBIR BHELSMTHNLES
B Bl T UL SOT B L IR0 B P 00052 2 i A GE oo 0 KT
VTS BV AR R AR
S5 J5 200 TR AL 2 I W RS T 1 i R

3

&

&

S

=

S 3

73



S

= mF >~ i R R S R

74

AN I B AR R R TR B A Bl 5 B M S R B Ak B AR, AT 58
SR AT AR T AF o B BT HUR T T I0 % AR fiy AL , 1 A O JOE Y A 2 1l bl
IRAPS5 5 I A R A AT LR A BORSE T A, O I DO W 4 AL 5 2 AW
fR 55 55 AT LB 5, Al DUAE I 98 P R R A i . i T A X BB (5 B R 4045,
A BRE A — R E MR SRR R . AW A ORI IR TAE PR H
TERIVE T o N 25 Aol 24 49 B b 0 A8 Sk DR 7 AT RE A A 110 X 25 90 19 1) B Y,
Je B IL - 28B (14 22 25T B T 2 5 R 90000 9 T S8 B X A B B . R R B
FARLAF AR O T B TR A R R R — B85 9T & AR A, A Sam Waksal Ji o 2
ImClone 23 H] ) CEO, i8 [N NHR 3 55 AR 5 4F , BE7EJE Kadmon 22 F] 1) CEO, 42 i
A X A AR B AR B U A 25 A R R A BT At
WA N7 — S PUI JE 75 SONE B 5k T DL OROR AT 2 PR 7 B o 3k 4 ] g AR W 4L
ARIARR EASTE R ZEN L E . B2, AR T FUEE )36 S7 5 28 B2 AR X
A WIRIT I ik

A SO B R R 8 A% 27 55 A2 W) 2 1) 0 2 500 Jhc BRURE S A ox = 2 77 2R o i 1k 1Y
SR LB e PR 5 9047 = T S 1) T = 5 Al ) P G 285 e W o AT 8 32 B
BRI TR 097775 X Z2 T GORE A R0t o B, DT RE BE 4 3 0 A 55

Summary: Future Global Trends in the Clinical
and Epidemiological Aspects of Liver Disease

® Leveraging scarce healthcare resources
through outreach to underserved areas

® Enhance learning through the use of
toolkits and an overhaul of outdated
teaching methods

® Embrace innovative wireless technology to
reinforce good clinical practices
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Viral Hepatitis and Liver Cancer—Two Decades
Ahead

Yumei Wen

Shanghai Medical College, Fudan University, PR China

1. Background

Viral hepatitis, liver cirrhosis and liver cancer are a group of diseases that rank the most
important medical and health problems for Chinese people. To date, viral hepatitis can
be caused by hepatitis A, B, C, D and E viruses. Hepatitis A and E are transmitted by
fecal-oral route through contaminated food or water, and usually do not progress to
chronic hepatitis, liver cirrhosis or liver cancer. Although hepatitis A caused a huge
outbreak in Shanghai back in 1988, since the use of preventive vaccine, the incidence
of hepatitis A has significantly decreased. Recently, individual chronic hepatitis E cases
have been reported in patients who are immuno-compromised. However, no liver
cancer has been associated with hepatitis E infections. Hepatitis B and C are
transmitted by contaminated blood or blood products, and also by mother-to-infant
transmission or sexual transmission. Liver cirrhosis and liver cancer is serious sequelae
of these infections. Hepatitis D virus can only replicate with hepatitis B virus, and co-
infections of these two viruses are rarely found in China. According to the published
data from Chinese Ministry of Health in 2011, the incidence of viral hepatitis in mainland
China was 102.34/100,000; and the number of cases was 1,372,344, both listed as
the top among all 28 mandatory reporting infectious diseases. Furthermore, viral
hepatitis B was the first among all viral hepatitis cases. Liver cancer ranked the second
high among all cancers in males, and the third in females. Thus, basic and applied
studies to control hepatitis B, C and liver cancer are urgent needs.

As early as 1992, hepatitis B vaccination was recommended among newborns and
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in 2002, hepatitis B vaccination was included in the expanded program of immunization
in China, and since 2005 a universal vaccination of newborns with hepatitis B vaccine
has been free of charge in China. These have brought significant success in decreasing
the carrier rate of hepatitis B surface antigen (HBsAg) in the population, which was
announced as 7. 18% in a recent nation-wide survey. However, there are still around
3% of the vaccinees who are low or non-responders to the vaccine. Currently, it is
estimated that there are 93 millions of HBsAg carriers in China, and 10 millions of
hepatitis C infected persons. These two viruses can cause chronic infections and liver
cancer, and there is still no effective method to cure HBV infections. In the national key
scientific programs of the 11" five —year plan, and the 12" five year plan, research and
control of viral hepatitis B and liver cancer have been listed as important projects,
especially the reduction of their incidences and morbilities.

“Science and technology are primary productive forces.” This top-level forum was
organized to mobilize the wisdom from scientists home and abroad to review the
problems of viral hepatitis, liver diseases and liver cancer from a highly strategic point of
view. It was hoped that by presentations, free discussion and exchange of experiences,
some important directions and strategies on research of viral hepatitis and liver cancer

will be made, leading to more effective control or even eradication of viral hepatitis B.

2. General overview of the forum

This forum was held on June 22, 2012 at the Shanghai International Convention Center.
The date and place was chosen to coincide with the International Symposium of Viral
Hepatitis and Liver Diseases, which has been a triennial symposium started in 1972.
Around 1500 participants including renowned scientists and clinical experts in the field of
viral hepatitis, liver diseases and liver cancer attended this symposium, which gives the
forum the unique opportunity to invite a number of top experts home and abroad to
discuss important issues covering different fields, as well as from highly strategic levels
to provide outstanding advice directing the future of research for viral hepatitis and liver
cancer and make new solutions for controlling these diseases.

This forum was organized by the Chinese Academy of Engineering ( CAE), in
collaboration with Fudan University Shanghai Medical College, Shanghai Consulting and
Academic Activities Center of CAE and the Medical Division of CAE. The forum was

presided by Prof. Daiming Fan, the Vice President of CAE, and Prof. Ji Zhou,
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President of CAE, gave the opening address. Ten staffs from different departments of
CAE attended the forum. Prof. Zhou commented that “top-level forums organized for
development of applied sciences are sponsored by CAE to provide platforms for
international exchange among top scientists to discuss important issues or problems.
This forum is an excellent platform for exchanging new ideas and strategies as well as
new solutions on viral hepatitis and liver cancer from integrated, strategic and
perspective views. The solutions to these issues will not only result in control of diseases
for human beings, but also are beneficial for economic development, social stability,
and improvement of the livelihood of all peoples. Rapid developments in biotechnology
are providing new opportunities and challenges for solving the problems in viral
hepatitis, liver diseases and liver cancer. This forum is organized at this critical time to
foresee the future directions for research and application of prevention and therapies to
control these diseases.” He hoped that this forum will be instructive and successful.

According to the theme of the forum, the following core topics were discussed:
Future trends and new implications for prevention and treatment of viral hepatitis and
liver cancer; Directions for basic and applied research; Individualized treatment;
Measures for moving the focus forward to control viral hepatitis and liver cancer. These
topics were first presented by speakers, including Prof. Blain Hollinger from Baylor
College of Medicine, USA; Prof. Masoa Omata from Tokyo University, Japan; Prof.
Michael Houghton from Alberta University, Canada; Prof. Michael P. Manns from
Hanover University, Germany; Prof. Timothy Block from Drexel University Medical
School, USA and Prof. Zhaoyou Tang from Fudan University Zhongshan Hospital,
China; Prof. Hongyang Wang from the Second Military Medical University, East Liver
Surgery Hospital, China; Prof. Jinlin Hou from Nanfang Hospital, and Dr. Yu Wang,
Dr. Li Ruan from China CDC.

After the keynote presentation, active discussion was followed. Academicians from
CAE, Dr. Shengli Yang, Prof. Shusen Zheng, Prof. Hui Zhuang and other experts
participated in the discussion. Altogether 12 scientists from 5 countries and 14 scientists
from China took parts in the forum. President Ji Zhou of CAE presented certificates for

the speakers at the forum, and a group photo was taken at the end of the forum.

3. Summary of advices and suggestions

(1) Research and development of vaccines is of priority in the future for the control of
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viral hepatitis and liver cancer

Though inactivated and live attenuated vaccines against hepatitis A have been
widely used in China, and have shown good efficacy in prevention of viral hepatitis A,
research on molecular attenuation of the virus, as well as development of vaccines
based on virus-like particles and multivalent attenuated or subunit vaccines are future
directions for more effective and less expensive new hepatitis A vaccines. In a recent
country-wide survey, the HBsAg carrier rate in the general population in China has
decreased from 9. 75% to 7. 18% , and among children between 1-4 years old, the
HBsAQ carrier rate was only 0. 96% . However, it is estimated that there are 3% of
infants born to HBsAg and HBeAg carrier mothers unprotected by the current hepatitis B
vaccine plus hepatitis B immunoglobulin immunization. Since persistent infections are
predominantly caused from infant and perinatal infections of hepatitis B virus, it is urgent
to develop hepatitis B vaccines targeting these low responders and non-responders. To
date, combination therapy with antiviral drugs plus interferon have shown good efficacy
among hepatitis C infected patients; however, the difficulty of early identification of
patients without clinical symptoms, and the cost and side effects of the treatment
indicate the necessity of development of preventive vaccine against hepatitis C.
Collaboration and exchange of information with some ongoing clinical trials of hepatitis C
preventive vaccines outside China will be helpful for Chinese scientists. A preventive
vaccine of hepatitis E virus has been developed and licensed in China. The next step is
to identify the target vaccinees and detailed analysis and studies of its efficacy in mass
immunization.
(2) Integrated basic and applied research on liver cancer will be of utmost importance in
the coming years
Due to the effort of combination therapy, the five-year survival rate of liver cancer has
increased from 7.4% to 44% . It is expected that in the coming years, liver cancer due
to HBV and HCV infections will still be of immense importance for Chinese. The critical
point is to discover and treat liver cancer as early as possible. Facing the multiple
reported biomarkers for prediction of liver cancer, it is important to identify how the
combination of certain biomarkers or a group of biomarkers can be really of use for early
diagnosis and treatment of individual liver cancer patient. The use of GP73 and its
fucosylated glycoform as biomarkers should be studied in different stages among

different liver cancer patients and all biomarker studies should be done with appropriate
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controls and proper analysis. Inflammatory microenvironment plays an essential role in
the initiation and proliferation of liver cancer. Infiltration of inflammatory cells, necrosis or
apoptosis and various cytokines and chemokines secreted by immune cells can remodel
preneoplastic microenvironment in the liver, and can promote genetic mutations and
proliferations of cancer cells and should be studied in details in liver cancer. The
implications between metabolic factors, liver cirrhosis and liver cancer have also been
brought up at the forum. Japanese scientist introduced their approach of using the
second generation sequencing technology to do full genome analysis of liver cancer
tissues, by which they predict that it will lead to clarification of the intra-individual and
intra-tumoral genomic diversity of liver cancers, which, in turn, may lead to the
development of new molecular targets and anti-cancer drugs. Another important
viewpoint on treatment of liver cancer was presented, i. e., “ Elimination plus
Modification” strategy. It was also advised that research on metastasis and recurrence
should be the focus for treatment of liver cancer in the future, and cancer stem cells are
important targets to be investigated.

(3) Individualized treatment is the direction for viral hepatitis therapy

Currently, treatment of hepatitis B and C mainly include antiviral drugs and interferon. To
further improve the efficacy and decrease the cost, individualized treatment should be
considered in the future. Appropriate animal models to mimic the different stages of the
disease are necessary to serve this purpose. Different therapeutic approaches and
strategies should be encouraged, such as employment of various immuno-therapeutic/
immuno-modulatory tools, which may either trigger innate immune responses ( toll-like
receptors) or specific therapeutic vaccines targeting specific genes or proteins. Gene
therapy using adenovirus or other viruses as vectors, or development of reagents that
can decrease HBsAQ levels are to be considered. When working on these approaches,
it is advised to foresee the prospects of translation to bedside, rather than only sit at the
bench. In addition, it was advised that the cost of these approaches should not be
neglected. Overuse of various therapies should be avoided. Since individual response
will be different, methods to monitor early responsiveness to these therapies are
necessary requirements prior to design individualized treatment.

(4) Establish networks for sharing resources and improving the quality of service
German scientist introduced their experience in building up the German network on viral

hepatitis in collaboration with other European countries, which covered 500,000 patients
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with chronic hepatitis B and 500,000 with chronic hepatitis C. The network of hep-net
2000- 1012 was linked and integrated with other national webs. They described the
funding sources and academic input from different universities and hospitals. Several
clinical trials were successfully carried out through this web and data collected were
useful for many purposes. It was advised that evidence-based and multiple center
studies should be established, while studies in monosite should be discarded. Only
by this means, the mechanisms of diseases, efficacies of therapeutics, reliability of
diagnostic methods can be well studied and properly analyzed. In addition, the social
and economical benefit and services to patients will thus be significantly improved.
(5) Reforms in medical education and medical system will influence diagnosis and
therapy in viral hepatitis and liver diseases
The scientist from the US predicted that in the future two decades, there will be
important reforms in medical education and medical systems which will bring new
directions for hepatologists: (i) Hepatologists will co-manage patients with family
doctors, physician assistants or nurse practitioners. Tool kits ( simple directions for
diagnosis and treatment for hepatitis patients) will be printed and distributed to them as
continuous education, so patients can be early discovered, diagnosed and treated.
This will save much money, otherwise those patients would be at the later stage with
severe complications. (ii) Outdated methods of teaching will give way to new
technology, such as online video presentations with embedded quizzes. These will help
the students to learn outside the classroom, and gain practical knowledge for better
service in prevention and treatment of hepatitis and liver diseases. (i) Medical
sciences will proceed hand in hand with information technology. In the future,
physicians will utilize powerful digital tools, including mobile sensors, and advanced
processors, which will transform our understanding of an individual. Smart phones
handheld, pocket-sized visualization tool powered by ultrasound technology may be
used to visually inspect the inside of a patient’ s body. There will be a shift to the doctor-
patient relationship with the physician establishing a partnership with the patient in order
to guide the patient, and hepatologists should be prepared to change.

At the forum, new ideas, new strategies and new solutions were generated at the
top and strategic level, and thus the forum was a success. It was suggested that a
similar forum will be organized after 3-5 years, which may check on the progress of viral

hepatitis and liver cancer studies and make changes in the predictions accordingly. It is
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hoped that the spirit of this forum will continue and bring genuine benefit to patients and

healthy people.

Yumei Wen MD

Professor of Institute of Medical Microbiology, Fudan University,
Professor of Key Laboratory of Medical Molecular Virology, Ministry
of Education/Ministry of Health,Shanghai, P R China

Her interests are in research of molecular virology and immunology of hepatitis B virus, and in
microbial functional genomic studies. She is one of the pioneers in basic and applied studies on
therapeutic vaccine for chronic hepatitis B patients. Prof Wen graduated from Shanghai Medical
University and has been a WHO fellow at London School of Hygiene and Tropical Medicine, and
Fogarty visiting scholar at NIAID, National Institutes of Health, USA.

She has published 240 articles home and abroad, and has edited and co — edited 8 books,
including Viral Hepatitis in China—Problems and Control Strategies ( Vol 19, Mongraphs in
Virology, Karger publisher, 1992), Recent works on microbes and infections ( World Scientific
publisher, 2009).

She was elected member of the Chinese Academy of Engineering in 1999 ;was member of the
Editorial Board of Archives on Virology (2008—2010), was awarded Honorary Doctorate by
University of Duisburg and Essen, Germany (2009 ) and Award in recognition of outstanding
contribution in Medical Virology by Asian Pacific Society for Medical Microbiology. She is the co-
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Masao Omata

Yamanashi Central Hospitals and University of Tokyo,Japan

Looking back at the history of hepatocellular carcinoma (HCC) treatment and the medium

survival time (MST) , it has been prolonged from 9 months to initial RFA (radio frequency

ablation) treatment to 90 months.

The local regional therapy by RFA and surgical

interventions has been very successful and prolonged the patient’s life (Fig.1 and 2).
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HBV virus general vaccination program drastically decreases the infection and
subsequently prevents the occurrence of cancer in most countries. But until then,
antiviral treatment can contribute to the reductions of HCC ( Hepatocellular carcinoma)
infected by the viruses. Entecavir and Tenofovir are very powerful tools to suppress the
HBV infections. Recent data indicates that reduction of hepatic fibrosis is the reality.
Fibrosis regression by the antivirus for HBV is estimated as 0.26 metavir score per year,
which is comparable to the regression rate of 0. 28 reported in the HCV eradicated
patient. Regression of hepatic fibrosis is certainly helpful to treatment of HCC. However,
further to drastically improve the prognosis of the patients, the addition of the antiviral
treatment may reduce recurrence rate from the cirrhotic background. There is certainly
limitation for application of this antiviral treatment for HBV and HCV patients because
interferon in particular often has side effects. The introduction of the oral preparation of
the antiviral drugs for HCV infection may totally change the paradigms. Many of drugs
reported so far have very slight side effects and can be used even in the patients with
high Child-pugh scores. They change the paradigm of the areas in that we have the
difficulty to treat HCC.

Finally, the treatment of HCC by itself has been depending on the development of
the anticancer drugs; recently molecular targeting drug in particular. However, so far

the overall survival benefit by Sorafenib is only 3 months (Fig.3).
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To further advance this area, the cancer cells should be explored more by the
analysis of genetic structures and expression profile ( Ref). We have studied the
genomics in HCC, and the application of next generation sequencing will start to clarify
the intraindividual and intratumoral diversity in genomic alterations in HCC. A new

sequencing era in HCC has begun (Fig.4 and 5).

/ Outer ring: chromosome ideograms

Somatic mutation in coding regions
Blue: substitution

Red: small deletion

Orange: small insertion

Copy number changes
Red: copy number loss
Green: copy number gain

Inner circle: chromosomal rearrangements
Green: inversion

Red: deletion

Purple: translocation

Fig.5 Sequencing of HCC genome.
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By these studies, it might be able to identify the promoter mutation which might end

up in the development of the new molecular targeting drugs (Fig.6).

1979 2012

region pre-S (163 aa)

3000 nt 3000000000 nt

Fig.6 The numbers of nucleotide sequences that can be sequenced in 1979 and 2012
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Asian Pacific Association for the Study of the Liver) with Prof. Sarin. He graduated from Chiba
University in 1970, and joined the First Department of Internal Medicine of Chiba University
chaired by Prof. Kunio Okuda. After three years’ training in Japan, he went to the United States
(3 years at Yale and 3 years at USC-University of Southern California, Liver Unit) where he was
trained by Prof. Gerald Klatskin at Yale and Robert L. Peters at USC. The publication in
Gastroenterology in 1979 on the etiology of hepatocellular carcinoma (one of the first papers
documenting the virus etiology in USA where alcoholic liver disease was predominant) was quoted
in the Textbook of Harrison for several editions. He was also a co-author of first documentation on
“Fibrolamellar carcinoma” with Edmondson and Peters.

In 1979, he returned to Dr. Okuda’ s department, and started to introduce molecular
biological techniques in clinical gastroenterology in 1982 and published approximately 90 papers
including 2 N Engl J Med original articles (1985 and 1991 ) on molecular biological aspect of
hepatitis viruses, especially on human and duck hepatitis B viruses until his move to University of
Tokyo in 1992. He first reported the correlation of pre-core mutant and fulminant hepatitis, and
extremely high eradication rate of acute hepatitis C by interferon, later confirmed by other groups.
He first documented that the supercoiled or CCC ( Covalently Closed Circular) DNA of HBV was
the key molecule for the resistance of anti-viral treatment in human samples ( Yokosuka, Omata,
Summers, Hepatology 1985).

In 1992 (13 years after Chiba era) , he was promoted to the chairman of Second Department
of Internal Medicine at University of Tokyo. This was an unprecedented event in the history of
Japanese medical society since the medical faculty at the University of Tokyo had never chosen the
chairman of the major clinical departments from outside of University of Tokyo graduates until his
appointment. Because of the re-organization of the departments in University of Tokyo, he became
the chairman of Department of Gastroenterology in 1997, and has established a large and very
strong department of Gastroenterology with over 100 young gastroenterologists and hepatologists.

In 2009, he was promoted to become the president of two hospitals; Yamanashi Central (691
beds) and Kita (200 beds) Hospitals to upgrade the medical care system in Yamanashi
Prefecture, west of Tokyo, where, although scenic place with Mt. Fuji, hepatitis virus infection is
endemic. The governor of Yamanashi has asked Prof. Omata to combat with the liver diseases of
his homeland under his expertise, and also run the two hospitals as a president.

Number of publications in English peer reviewed journals in the last 19 years after he moved
to University of Tokyo, is 941 in all disciplines ( both basic and clinical) of Gastroenterology and

Hepatology.
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He was a president of the 40th Annual Meeting of Japan Society of Hepatology (10 000
members) , a president of the APASL ( Asian Pacific Association for the Study of the Liver)
(2006 — 2007 ), and a president of the 50th JSGE ( Japanese Society of Gastroenterology )
(28 000 members) 2008 meeting.

Currently, he is an Editor-in-Chief of Hepatology International ( the Official Journal of
APASL) , and is in charge of APASL-Tokyo-Secretariat.
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Timothy Block

Hepatitis B Foundation, Pennsylvania Biotechnology Center, Doylestown,
PA, 18902, USA

Department of Microbiology and Immunology, Drexel University College

of Medicine, Pennsylvania Biotechnology Center, Doylestown, PA, 18902,
USA

Early detection of hepatocellular carcinoma ( HCC ) offers the best chance for a
favorable outcome. Unfortunately, noninvasive serological markers of liver cancer have
been of limited value, and the commonly used marker, alpha fetoprotein ( AFP) is
“positive” in fewer than 50% of the cancers. We, and others, have been using
glycoproteomic approaches to discover new markers. We have reported that a resident
Golgi protein, GP73 (also called “Golph 2”7, “GOLM1”), is elevated in the circulation
of patients with a diagnosis of liver cancer. GP73 has been shown in numerous studies
to have a significant ability, far superior to that of AFP, in discriminating between a
diagnosis of liver cirrhosis and liver cancer. However, other studies have found that
GP73 is inferior to AFP. This review describes recent advances that may explain the
disparate performances of GP73 and other biomarkers in discriminating between control
and disease subjects. Briefly, we have found that specific glycoforms of GP73 are far
more selective for cancer than is total GP73, alone. Moreover, although GP73 is rarely
elevated in people without liver disease, it is often elevated in patients with liver
cirrhosis. Hence, the predictive usefulness of GP73, and other biomarkers, is
enormously improved by consideration of certain clinical characteristics.

HCC is the world’ s 3" leading cause of cancer death, and is responsible for nearly

]

1 million deaths annually''™®". In some regions in China, it is among the most common
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[1,2,4-6]

causes of death amongst young men . It is now one of the few cancers increasing

in incidence in the USH" 247!,

Outcome is greatly improved by early detection'®*’

. Serum proteins that can help in
risk stratification or can become part of early detection procedures could be of enormous
significance, bringing patients to diagnostic imaging and cancer management when
tumors are small and treatable. The current, noninvasive marker, AFP and its
fucosylated glycoform, L3, and even the newer markers, such as DCP, are of limited

value, detecting cancer in roughly, only between 30%—-70% in all cases'"™

. Of course,
AFP and L3 are of no value in detecting AFP negative HCC, which accounts for between
25%-50% of all HCC'"",

We have discovered and reported that a normally resident Golgi membrane protein,
called GP73, is found in the circulation of patients with a diagnosis of liver cirrhosis and

12,13]

HCC, and serum levels of the protein may be useful in HCC detection' . There are

now several independent reports that generally confirm our results regarding GP73 as a
possible biomarker of HCC'* "™ or of liver disease''**".

Most remarkably, a recent “blinded” study of more than 4000 people, ~800 of
whom had HCC and 600 had cirrhosis, showed that GP73 was much more sensitive and
specific for HCC than AFP'?/.

Indeed, although GP73 is elevated in kidney cancer'®®’ and prostate cancer derived

19,24]

seminal fluid' , its secretion into the blood appears to be very liver cancer

[25]

selective However, there are also reports which, although are consistent with

findings that GP73 is associated with HCC and liver disease, do not conclude that its

detection in the serum offers any better performance than AFP'*%

. Along these lines,
several studies from our laboratory have provided examples where GP73 and the
fucosylated acute phase proteins perform better, and others in which they perform less
well, than does AFP in discriminating between cirrhosis and liver cancer samples, and
this is summarized in Table 1.

If and how these promising markers should be used is a significant question. Since
some studies show they are accurate, should they be used? Since some studies show

they are inferior to AFP, should they be dropped?
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Table 1 Summary of biomarker performance in distinguishing between liver cirrhosis and HCC from our

studies
Marker'
Controls/HCV/HBV/ f-kin® &
AFP® GP73° f-hem® Reference’
Cirr/HCC (n)2 f —AIAT
Study 1 23/0/23/0/8 N/A 0.98° N/A N/A 12
Study 2 56/0/0/152/144 0.61 0.79 N/A N/A 13
Study 3 20/0/20/20/20 N/A 0.80 0.95 27
Study 4 00/00/00/113/164 0.83 0.89 N/A 0.79 24
0.70/ Ref set/with IFN failure
Study 5 0/0/0/200/100 0.80 0.64 0.62
0.55 samples, unpublished
0.90°%/ 0.95°%/
Study 6 20/133/33/32/72 0.82 0.80 25

0.89 0.87

' Marker utilized in study. AFP’ Alpha-feto protein; GP73, Golgi Protein 73 ; f-hem, fucosylated hemopexin; f-kin, fucosylated kininogen.
Assays as in grant text and citations.

* Number of individuals in the given study with the following clinical characteristics: Controls, no evidence of liver disease; HCV, infection with
HCV but no evidence of liver cirrhosis or HCC; HBV, HBV infection but no evidence of liver cirrhosis or HCC; Cirr ( cirrhosis); HCC,
hepatocellular carcinoma. Diagnosis and distribution of viral etiologies comprising HCC and cirrhosis as in grant text or citation.

* For each marker the AUROC at differentiating HCC from cirrhosis is given, excepting superscript * ; kininogen (kin), Alpha 1 antitrypsin
(AIAT) .

* Citation of publication of study.

’ Ref sets including with rebetron failures.

> AUROC for HCC against all other disease categories in study.

This review will consider the physical properties of GP73 and compare the clinical
characteristics of people in a study in which GP73 performed well, as a biomarker of

HCC, and a study in which it did poorly.

GP73 is elevated in people with a diagnosis of liver cirrhosis

Study after study has confirmed that GP73 levels in the blood are higher in patients with

a diagnosis of liver cancer, as compared to healthy subjects and those with
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10.18-18.20.221 - However, as we observed in our initial report of GP73 as a

hepatitis'
biomarker of disease, it is often elevated in patients with liver cirrhosis, and no evidence
of HCC''*™**) " Consistent with these reports, as shown in the scattergram (Fig. 1) that
combines data from age and gender matched samples from studies 4 and 5 (Table 1)
from our group, GP73 levels tend, as a general rule, to be highest in patients with
HCC, individuals with liver cirrhosis are indeed more likely than those with hepatitis and
no cirrhosis, to have high levels of GP73, although these levels are usually less than that
in liver cancer. This, suggests, that although GP73 levels, alone, may indicate a
pathological situation, they must be combined with other information to be reliable in

making a risk assessment of HCC.
10.0
7.51

5.0

251 73

Healthy  Fibrosis  Cirr HCC

Fig.1 GP73 is elevated in liver cirrhosis as well as HCC.

The serum levels of GP73 were determined as in"*’', by an ELISA method. The data
is based on samples from two studies of ~ 250 individuals with liver cirrhosis and no
HCC and 150 with cirrhosis and HCC, of which approximately 100 with cirrhosis and 50
with HCC had been treated with interferon alpha and ribavirin ( manuscript in
preparation). Levels of GP73 in people as a function of liver disease status. Mean value

for each group indicated in red, relative to reference control healthy subject serum.

Glycoforms and specific fucose linkages correlate with HCC

Our observation of a correlation between serum levels of GP73 and a diagnosis of HCC
was originally based on identifying GP73 as a fucosylated (f) glycoform associated with
HCC'™'. Briefly, we and others, discovered that fucosylated N-glycans, derived from
all proteins in the blood, are significantly elevated in patients with HCCs' > Wwe
then identified sets of specific fucosylated glycoproteins that were elevated in the serum

of patients with HCC, compared to those with cirrhosis, and called the set the HCC/liver
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cancer “fucome. ” %"

The leading candidate proteins are GP73 and its fucosylated glycoform ( although
distinguishing fucosylated from un-fucosylated glycoforms forms is not routinely done).
We believe these proteins are produced and over-secreted into the blood by, or
because of, the cancer cells. Assays that do not distinguish between these glycoforms
may lead to under performance of the biomarkers.

Thus, our work suggests that the glycoforms of the biomarkers may vary the most
with disease status, and explain false positivity (cases where GP73 and f-acute phase
proteins are elevated in the absence of HCC). For example, serum levels of f-GP73 (f-
GP73) and a number of f-acute phase glycoproteins (i. e. f-kin, f-A1AT) are much
better biomarkers of HCC than are total levels of those glycoproteins'®*’.

However, fucose is attached to the N-glycan at different sites and with different
linkages. Following a detailed analysis of the glycoforms of A1AT, we have recently
found (Fig.2) that it is the a1,6 “core” fucosylated glycoform of f-A1AT that is most

HCC selective, and only one of the isoforms is specifically core fucosylated'**’ .

18 Core Outer Arm
16 - fucose fucose
(white bar) (grey bar)

14
12-?
10|
B
\

Healthy Cirrhosis False ~ Cirrhosis Negatives HCC
Positives

S N A O
| B —

Fig.2 Levels of core, not outer arm, fucosylated A1AT correlate with a diagnosis of HCC.
Inset: N linked glycans with dark triangle illustrating either core ( structure on the left) or outer arm ( structure on the right) .
Bars indicate relative amounts of either core (white) or outer arm ( grey) fucosylated A1AT levels in the circulation of age and
gender matched healthy, cirrhotic individuals who had high levels of total f-A1AT ( were false positive for HCC) , or low levels

of total f-A1AT or had a diagnosis of HCC. See"™’.

Briefly, the amounts of core F(1,6) A2G2 and outer arm A3F (1G3) fucose
structures from A1AT from 20 HCC and 20 cirrhosis pts who were “false positives” (had
elevated total f-A1AT compared to healthy subjects) was determined by this method

[34

with scatter plots reported in'**’. Cirrhosis derived A1AT had elevated outer arm, but not

core structures. Both core and outer arm was elevated in HCC A1AT. Thus, core was
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only elevated in the HCC A1AT.

The reasons that core f-glycoforms appear to selectively rise in the blood of people
with HCC, as compared to those with cirrhosis and no HCC, is under investigation
(data not shown). It has been hypothesized that core fucose is a mechanism whereby
liver glycoproteins are sorted to the bile in polarized hepatocytes'®’. We have

’

hypothesized that, since cancer cells “depolarize,” and tight junctions that establish
hepatocytes’ polarity become damaged in the diseased liver, core fucosylated
glycoproteins become mis-sorted and are misdirected to the blood. Regardless of the
reason, we speculate that knowledge of cancer specific glycoforms of the biomarkers
and the ability to detect those specific glycoforms, such as core fucosylated ATAT, will

result in significantly improved cancer detection (Block et al, in preparation).

Use of patient demographics and clinical information in interpreting a

biomarker levels’ significance

In addition to, and probably related to, a biomarker’s glycan profile, we believe that
incorporation of the patient’ s clinical profile associated with each sample can be useful
in improving the performance of a biomarker.

Unfortunately, biomarker discovery and development is usually carried out with
specimens far removed from the many demographic and clinical factors with which it is
associated. However, these factors can be extremely relevant and useful in placing a
biomarker’ s level into context. For example, consider the differing clinical features
associated with the populations in two studies. In one study, GP73 performed well in
distinguishing between cirrhosis and HCC, and in the other, GP73 did poorly (Table 1,
studies 4 and 5, respectively). There are a number of factors that stand out and
highlight differences between the mean clinical values of those in the controls ( cirrhosis,
no HCC) and those in the cases (cirrhosis, HCC).

First, compared to the patients in the study where GP73 performed poorly, the
“controls” (those with no detectable HCC) in the study in which the biomarkers
distinguished well between the cases and controls, age was lower, they were interferon
treatment naive, and otherwise presented with a much better compensated liver disease
profile (lower baseline ALTs, ASTs, Alk phosphatase). The affect of clinical factors

upon GP73 levels is summarized in Table 2.
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Table 2 Clinical factors affecting GP73 levels'

Affect upon serum GP73

Increased age Increases
Increased ALK PHOS? Increases
Increased MELD® Increases
IFN failure* Increases

Liver cirrhosis Increases

' The affects of the patient information shown in the first column upon serum GP73 levels is indicated in the second column. This is based upon
our analysis of data from studies 4 and 5 Table 1). The indicated patient variable, alone, was associated with increases in serum GP73 even in the
absence of HCC.

> ALK PHOS is serum alkaline phosphatase, which may be elevated as a result of bile elements in the circulation.

* MELD, Model for end stage liver disease.

“ IFN, interferon. This is based on HCV patients who have been treated within and failed to reach efficacious clinical milestones, with IFN and
ribavirin.

Since these differences might reflect or be a function of the different clinical
compositions of the populations, the possibility that including clinical factors along with
the GP73 and f-hem values could improve biomarker performance in the population in
which the biomarkers on their own did so poorly. Therefore, looking at the age and
gender matched samples from the poor performing groups in studies 4 and 5
(Table 1), the ability of combinations of values of the biomarkers was used with logistic
regression analysis using GP73, f-hem and clinical variables, to determine which, if
any, clinical variables contributed to discrimination between a diagnosis of cirrhosis and
HCC. The results suggested that, if age and gender are accounted for, significantly
improved discriminators can be achieved. For example, in distinguishing between liver
cancer and liver cirrhosis, using GP73 and f-hem values, with age and gender, an
AUROC of 0. 75 was achieved. Thus, although this is significantly less than the 0. 81
value achieved using AFP alone, it is much better than the 0. 65 value of using GP73
alone (Study 5, Table 1).

Taking these factors together, regression analysis was used to construct a decision
tree, which provides instruction as to how to interpret GP73 levels, in the context of
clinical information. Fig. 3 shows a “ Decision Tree” to illustrate how GP73 levels,
considered with other clinical factors, can be used to assign a patient’ s risk of liver
cancer. The risk factor value of GP73 levels for liver cancer becomes extremely

impressive.
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Decision Tree
For relative risks of HCC as a function of serum GP73

Elevated GP73 Elevated GP73
IFN Experience
IFN Failure = IFN Success Younger, Older, normal

Higherrisk ~ Lower risk elevated AlkPhos
AlkPhos Lower risk
Higher risk

Fig.3 Decision Tree for use of GP73 values in assigning an individual’s risk of HCC.

Individuals are sub-grouped as a function of IFN treatment, and then by age and
alkaline phosphatase. Specific odds ratios and risk rates are currently being calculated

and will be reported elsewhere (Evan et al, and Devarajan et al, in preparation) .

Conclusions

Despite previous reports, some from our group, in which elevated GP73 distinguished
between HCC and cirrhosis, the present study alerts us to the reality that GP73, alone,
may not be sufficient to achieve this discrimination in every population. This is because
many other clinical factors may be influencing the levels of this biomarker. This review
attempts to identify some of these clinical variables, and help provide a means of using
these clinical values, in combination with GP73, to achieve the best use of the entire

clinical biomarker family.
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Research Interests

Dr. Block’s lab is studying chronic viral diseases. The molecular mechanisms of herpes simplex
virus latency continue to be an important area. However, most of the work is in the area of
hepatitis B and C and liver cancer. With a glycobiology research theme, his lab searches for
antiviral agents and their mechanism of action (two of the discoveries have led to therapies now in
human clinical trials) ; for biomarkers of disease, using glycoproteomics (two of the discoveries
have led to biomarkers being tested in people for the early detection of liver and colorectal
disease ) ; and to understand disease by examining the role of protein folding in antigen

presentation and how the viruses antagonize and oppose the host innate immune system.
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Perspectives of Clinical Study of Hepatocellular
Carcinoma

Zhaoyou Tang

Liver Cancer Institute & Zhongshan Hospital of Fudan University, PR China

The last half-century witnessed the exciting progress of clinical study of hepatocellular
carcinoma (HCC). Based on the pathology, several kinds of therapeutic methods for
eradication of HCC have been developed and have improved survival rates of pat ients.
Data collected in the Department of Surgery, Liver Cancer Institute, Fudan University,
showed that 5-year survival rate was increased every decade (7.4% in 1968-1974) ,
validating the achievements earned in clinical treatment and research of liver cancer.
However, statistical analysis of the whole population of HCC (e. g. in the last three
decades in USA, 5-year survival rates were 4% in 1975-1977, 6% in 1884-1986, and
14% 1999-2005 (Jernal et al. CA-Cancer J Clin2010) , showing that though the 5-year
survival rate was improved there still is a huge gap to achieve conquering HCC. By
looking ahead in the future, clinical studies of liver cancer still confront with several

challenges especially in the several fields as below.

Early diagnosis and early therapy are still of importance and serve as the
major strategy to improve the therapeutic efficacy of liver cancer

As | mentioned above, improvement of 10-year survival rate has been ascribed to early
diagnosis and early therapy, because the mean diameter of cancer tissues at each
stage of liver cancer is 11 cm, 9 cm, 7 cam, and 5 cm respectively. Altekruse et al
(Altekruse et al. Hepatology 2012) reported that 5-year survival rate of cases of liver
cancer in 1975-1977 was 3% and was increased to 18% in 1998 — 2007, which was
considered to benefit from early diagnosis and early therapy of more patients.

Therefore, it could be inferred that survival rate could be further improved by
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continuously strengthening the survey of high-risk population. Recently, some new
markers, such as Golgi protein 73, for early diagnosis of liver cancer were reported, but
their accuracy was showed comparable to alpha fetoprotein (AFP) (Zhou et al. BMC-
Cancer 2012). Shang et al reported that osteopontin was more sensitive than AFP for
early diagnosis of liver cancer (Shang et al. Hepatology 2012). Tomimaru et al claimed
that miRNA-21 in plasma is better than AFP for the early diagnosis ( Tomimaru et al. J
Hepatol 2012 ), but its application in surveillance of high-risk population is yet to be
investigated. Giannini et al still insisted on the use of AFP for surveillance of liver cancer
(Giannini et al. Hepatology 2011). In my opinion, currently, periodical surveillance of
high-risk population by AFP combined with ultrasonic imaging still serve as the practical
methods. The ratio of early-stage patients, who were received in our institute and
diagnosed during physical examination, increased. However, the positive diagnosis
rate of AFP only accounts for 50%-60% of liver cancer patients, so it remains a critical
issue to search for new and easy-to-manipulate markers for early diagnosis. Taken
together, early diagnosis and early therapy is an efficient way and perspective with long-

term significance to improve the therapeutic efficacy of liver cancer.

Combined treatment is the long-term strategy

Integration of “eradication + modulation” warrants attention. Achievement of various
therapeutic methods to eradicate cancers, especially for the early-stage patients has
been well recognized. Five-year survival rate of HCC patients with small tumor in our
institute was; 57.9% for patients with resection (totally 5767 cases) , twice that for HCC
patients with larger tumor (31.5% , 5345 cases) ; survival rate was 47.9% for patients
with radio-frequency ablation (482 cases); 76. 9% for the patients with liver
transplantation according to Milan Criteria (193 cases). However, since HCC could not
be completely resolved, how to control the residual HCC after these radical treatments
remains to be investigated. Cancer is a complicated disease, which is developed
through multiple stages, involving multiple genes and processes, and keeps on
changing, so it is impossible to find specific effective drugs, similar to that as for
treating bacterial infections. Preliminary results showed that the therapeutic efficacy of
molecular targeting against one or several limited number of molecules is far less than
expectation. Therefore, combined treatment is a long-term strategy. The combined

treatment employed in the latter part of last century was “eradication +eradication” (e.
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g. surgery and radio/chemotherapy), which was mainly based on the idea that cancer
is a local lesion. This strategy is still being used and remains to be further explored. For
example, it was reported that the efficacy of radio-frequency ablation (RFA) combined
with transcatheter arterial chemoembolization (TACE) to treat small HCC was better than
that of single use of RFA (Morimoto. Cancer 2010) , but the outcome was not as good
as expected. In the future, investigations focusing on modulation of residual cancer, by
modulating the micro-environment, and responses of the patients will be indispensable.
Combined application of these investigations and therapeutic methods for eradicating
HCC represents an important direction. This can be achieved not only by focusing on
the local tumor, but also taking the whole body of patients into account.

Recently, a number of combined therapeutic approaches have emerged, including
eradication methods combined with modulation: (1) Combined with cellular factors.
Post-resection or post-RFA followed by administration of «-interferon improved the
therapeutic efficacy to certain extent. It was firstly discovered by our institute that
combined with a-IFN, the recurrence of HCC metastasis was decreased by inhibition of
angiogenesis (Wang et al. Hepatology 2000). The therapeutic efficacy was confirmed
by randomized-controlled clinical study. Meta-analysis of radical treatments of 1180
HCC cases showed that 2-year survival rate without recurrence was improved to 35.4%
by combined treatment with IFN ( Shen et al. J Hepatol 2010). It was reported that
3-year survival rate of late-stage HCC patients by combination therapy with intra-arterial
5-fluorouracil and pegulated IFN reached 44% ( Kasai et al. Cancer 2011).
(2) Combined application of anti-inflammatory agents. Inflammatory micro-environment
promotes tumorigenesis and is regarded as the 7" characteristic of tumor ( Mantovani.
Nature 2009 ). Inflammatory responses play decisive roles at different stages of tumor
development, including initiation, promotion, invasion, and metastasis. Inflammation
also affects immune surveillance and responses to therapies ( Grivennikov et al. Cell
2010). A number of anti-inflammatory agents are available for treatment or are under
development, including aspirin and other nonsteroid anti-inflammatories, anticytokine
therapies and small molecules that block the activity of kinases, and small RNAs
(Dinarello. Cell 2010). Our study found that combination of zoledronic acid ( ZA)
depleting macrophages by inhibiting tumor angiogenesis and metastasis improved the
antitumor effect of sorafenib ( Zhang et al. Clin Cancer Res 2010). (3) Combined

application of molecular targeted therapy. Sorafenib was approved for use in advanced
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HCC patients. Sorafenib suppressed the development of postsurgical intrahepatic
recurrence and metastasis by using an orthotopic xenograft model of HCC (Feng et al.
Hepatology 2011). The recent trend is combined use of Sorafenib and other molecular
targeting drugs or chemotherapy. For example, efficacy of treatment with sorafenib plus
doxorubicin was better than that of doxorubicin monotherapy ( Abou-Alfa et al. JAMA
2010). (4) Combined systemic intervention. Tumor is a systemic disease. Chronic
stress altering immunological, neurochemical and endocrinological functions enhanced
tumor angiogenesis and promoted malignant cell growth ( Thaker et al. Nat Med 2006) .
Therefore, systemic intervention deserves attention and could be fulfilled via treating
nervous, immune, endocrine, and metabolic systems. Although it is still immature in the
field of systemic intervention, the perspective of its development is promising, especially
in controlling residual tumor by combination therapy after tumors were removed.
Combined immunotherapy warrants special attention. It was reported that ASPH-loaded
DCs reduced HCC recurrence by activating antigen specific CD4 " T cells ( Shimoda et
al. J Hepatol 2012). In some patients treated with adoptive immunotherapy using
dendritic cells pulsed with tumor lysate, decrease of AFP and release of y-IFN were
observed ( Palmer et al. Hepatology 2009 ). Two most recent reports showed that
androgen receptor (AR) inhibited HCC metastasis (Ma et al. Hepatology 2012) and
thyroid hormone receptor suppressed HCC metastasis efficiently, which suggested that
intervention of endocrine system could be possible. Pegylated arginine deiminase ( ADI-
PEG 20) can keep the late stage of advanced HCC at a stable status (Yang et al. BrJ
Cancer 2010), which provides a clue for the efficacy of intervention of metabolism in
HCC patients. (5) Combination therapy of traditional Chinese medicine (TCM). The
efficacy of TCM to eradicate tumors may be low, but TCM could be possible to modulate
tumor cells and achieve survival with tumor in HCC patients. In fact, combined
prescription of TCM frequently used for treatment of HCC showing comprehensive
effects including anti-inflammation, improvement of microcirculation, anti-angiogenesis,
and improvement of immune responses, etc. TCM treatment emphasizes to prescribe
on individualized basis, which may possibly help personalized therapy based on a
systemic level. Our study found that Chinese herbal extract Songyou Yin (composed of
five herbs) downregulated expression of MMP-2 and VEGF, induced apoptosis,
suppressed tumor growth to some degree, and prolonged the survival time of mice with

tumor. In addition, Songyou Yin upregulated E-cadherin, inhibited tumor metastasis
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induced by oxaliplatin treatment, and extended mouse survival ( Xiong et al. BMC-
Cancer 2010). (6) Other combined therapy with potential efficacy. Recently, a panel
of new therapeutic targets and clues such as microRNAs, molecules associated with
HCC (especially the molecules related with signaling pathway and HCC stem cells),
molecular regulation of immune and endocrine systems, and normalization of endothelial
cells, anti-mitosis pathways have been presented. For example, rifampicin for treatment
of tuberculosis could be used as an oral angiogenesis inhibitor targeting hepatic cancers
( Shichiri. Cancer Res 2009). Among all these, microRNAs deserve attention. miR-139
inhibited HCC metastasis by downregulating Rho-kinase 2 ( Wong. Gastroenterology
2011). miR-7 also inhibited HCC metastasis by interfering with the p13K/AKT pathway
(Fang. Hepatology 2012). Whereas, miR-135 was found to promote HCC metastasis
(Liu. J Hepatol2012). Some of the miRNAs seemed to show the therapeutic potentials.
Furthermore, some therapeutic methods for eradicating HCC promoted metastasis of
residual cancer. Our study suggested that eradication of HCC had certain negative
effects on promoting metastasis of residual cancer. Palliative resection of HCC
upregulated expression of matrix metalloproteinases (MMPs) and vascular endothelial
growth factor (VEGF) and promoted metastasis of residual HCC (Li. Cancer Gene Ther
2011). Chemotherapy by oxaliplatin downregulated expression of E-cadherin and
promoted metastasis (Liu. Clin Cancer Res 2010). Nexavar also promoted invasion and
spread of residual HCC. Similarly, some recent publications showed that the spread of
cancer was actually accelerated by choking off a tumors’ blood supply ( Hayden.
Nature 2009 ). Anti-angiogenesis inhibitors reduced primary tumor growth but promoted
tumor invasiveness and metastasis (Loges. Cancer Cell 2009) .

Therefore, efficacies of frequently used therapeutic methods to eradicate tumors
should be acknowledged, but negative effects of these methods also need to be noticed
and studied. The current therapeutic methods are “shortcuts” to treat, which need to
be improved. Our preliminary results showed that combined administration of some
routine used drugs or biologics, such as IFNs, TCM compound prescription of

’”

“Songyou Yin,” tyroserleutide, zoledronic acid, aspirin, oxymatrine, and tanshinone

could alleviate these negative effects.
The bottleneck of HCC metastasis and recurrence
The data we have and other reports suggested that 5-year survival rate of HCC (60% —
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80% for liver transplantation, 50% - 60% for small HCC resection, 30% —40% for big
HCC resection, 30% — 40% for RFA of small HCC, 20% - 30% for TACE) by all
therapeutic methods seemed to have reached the top limit. The bottlenecks are mainly
metastasis and recurrence. In our institute, therapeutic efficacy of resection of small
HCC in last 4 decades has not been improved; the 5-year survival rates of each decade
were 57.9% , 57.9% , 55.5% , and 58.1% , respectively. These data showed that there
have been no new methods to solve the issues of metastasis and recurrence.
Fortunately, in the field of HCC metastasis, some new knowledge recently
emerged: (1) HCC metastasis is not a phenomenon of advanced period. One study
showed that metastasis progression was initiated in the primary tumors and even small
HCC could have a high potential of metastasis ( Ye. Nat Med 2003). (2) HCC
metastasis is closely correlated with immune-inflammation micro-environment. A refined
17 genes of noncancerous hepatic tissues could be used for prediction of HCC
metastasis (Budhu. Cancer Cell 2006). Hence, study on HCC metastasis should not
only focus on cancer cells, while it is hopeful to understand how to modulate the “soil

”

(micro-environment).” (3) Metastasis potential of HCC is a double-edged sword
(either to be better or to be worse). Eradication methods of HCC mentioned above
either can promote HCC metastasis or compromise the potentials of metastasis. (4)
Cancer stem cells are critical for HCC metastasis. Interactions between cancer stem
cells and matrix cells in the micro-environment promote the formation of metastasis niche
(Malanchi. Nature 2012). (5) Gene profiles during metastasis of cancer cells are
kinetically changed ( Clifford. Nature 2012). These information will provide clues for
designing novel therapeutic methods to combat HCC metastasis.

Taken together, it is a long-term task to do clinical study of HCC. The core task is
still to extinguish tumor; however, modulation of the tumor and the body as a whole is an
indispensible supplement. Studies on liver and tumor biology are key factors to further

improve the survival life span of HCC patients.
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Prof. Zhaoyou Tang
The chairman, professor of surgical oncology, and PhD supervisor of

Liver Cancer Institute, Zhongshan Hospital, Fudan University.

Professor Zhaoyou Tang is an internationally renowned liver cancer researcher and the founder for
early diagnosis and treatment of hepatocellular carcinoma. He is also one of the first elected
academicians of Chinese Academy of Engineering, Division of Medicine and Health, honorary
fellow of American Surgical Association, and honorary member of Japan Surgical Society. He is
currently the chairman, professor of surgical oncology, and PhD supervisor of Liver Cancer
Institute, Zhongshan Hospital, Fudan University. He had been council member of International
Union against Cancer (UICC) , Hepatoma Professional Committee Chairman of the Chinese Anti-
cancer Association, vice president of the Chinese Medical Association, and president of Shanghai
Medical University.

He first systematically proposed the concept of “subclinical hepatocellular carcinoma” and is
the chief editor of “ Subclinical Hepatocellular Carcinoma” (in English). Hans Popper, the
founder of modern hepatology, praised this study by “this concept represents major progress in the
understanding, and particularly the management, of hepatocellular carcinoma.” The study of
small liver cancer doubled the 5-year survival rate of the patients underwent curative surgery, and
promoted the transformation of hepatocellular carcinoma treatment from “incurable disease” to
“part-can-be-cured disease.” In recent years, he further carried out “the metastasis and
recurrence research of hepatocellular carcinoma.” Then he established the first human liver
cancer nude mice model with high metastastic potential and cell lines with different metastatic
potentials and targets and successfully used it to study the metastasis of hepatocellular carcinoma.
He had been twice the Liver Cancer Conference chairman of the International Cancer Congress,
more than 90 times been the invited speaker at international conferences, 7 times as the chairman
hosted Shanghai International Symposium on Liver Cancer and Hepatitis. He is also the editorial
board member of 11 international journals and the editor-in-chief of two journals in Asia-Pacific
region. He edited 9 monographs and participated in editing other 16 international monographs. He

published 288 articles, which were cited for 6759 times; in liver cancer area, this achievement
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ranked No.3 worldwide (No.1 on the mainland, China). He was honored with a gold medal of
“Early Treatment and Early Cure” from USA in 1979. In addition, he was awarded first prize of
the National Science and Technology Progress Award twice, the third prize twice, Ho Leung Ho
Lee Science and Technology Progress Award, Chinese Medical Science Award, China Engineering
Science and Technology Award, Wu Jieping Medical Prize, Bethune Medal, “May Day” Labor
Medals, and Shanghai Science and Technology Hero. Until now, 59 PhD students under his

supervision have graduated, and four of them got National Excellent Doctoral Dissertation Award.
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Nonresolving Inflammation and Metabolic
Abnormalities Promote Hepatocarcinogenesis

Hongyang Wang

International Cooperation Laboratory on Signal Transduction, Eastern
Hepatobiliary Surgery Hospital/Institute; Second Military Medical
University, Shanghai, PR China

Liver cancer ranks the fifth most common cancer worldwide and the third leading cause
of cancer death. Its poor prognosis mainly attributes to the lack of curative methods and
effective diagnosis at early stages. And the mechanism of liver cancer has not yet been
fully understood.

Among the many etiologies of hepatocellular carcinoma (HCC) , hepatitis accounts
for over 75% of all HCC occurrences. During the long preneoplastic progress following
hepatitis, the liver undergoes fibrosis and cirrhosis and dysplastic hepatocytes were
gradually produced, giving rise to HCC. Although the genetic and/or epigenetic basis
of the malignant phenotype of HCC is heterogeneous, it is clear that the chronic
inflammation in the liver is closely associated with the malignant transformation of
hepatocytes. Numerous studies suggest a close association between nonresolving
inflammation in the liver and the occurrence of HCC, and it is acknowledged that an
inflammatory microenvironment plays an essential role in the initiation and proliferation of
HCC. The infiltration of inflammatory cells may be brought out by liver cancer cells, or
by hepatocytes undergoing necrosis or apoptosis. Various cytokines and chemokines
secreted by immune cells as well as direct contact between surface proteins of immune
cells and liver cancer cells remodel preneoplastic microenvironment in the liver, in the
favor of genetic mutations and proliferations of cancer cells. Tumor necrosis factors
( TNFs ) and interleukins ( ILs ) are the most studied signal molecules in the

microenvironment of HCC. These cytokines activate transcription factors, such as NF-
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kB, STAT3 and AP - 1, which, in turn, mediate tumorigenesis, metastasis and
angiogenesis via regulating a variety of downstream target genes. The rate of HCC
decreases after the cause of nonresolving inflammation is abolished.

Cancer arises from a rare group of cells, termed cancer initiating cells (CICs) or
cancer stem cells (CSCs). These cells occupy a distinct subpopulation within the tumor
and are responsible for both initiation and progression of the cancer. Increasing
evidence of heterogeneous pathologies and hierarchical organizations of HCC suggests
the existence of liver CSCs which sustains the growth and metastatic potential of HCC.
CSCs possess at least three distinct characteristics: the ability to self-renew,
differentiation capacity and tumorigenicity. Adult hepatocytes maintain stem cell-like
properties because they are capable of extensive proliferation upon liver damage as well
as differentiate into biliary lineages under special conditions. Thus hepatocytes may
transform into liver CSCs through dedifferentiation under proper microenvironment and
initiate HCC. Another possible cellular origin of liver CSCs is dysregulated liver stem/
progenitor cells. Our most current study also demonstrates that HBx could promote the
expansion of hepatic progenitor cells and give rise to CSCs in liver.

Recently, the relationship between metabolic factors and chronic liver diseases
including liver cirrhosis (LC) and HCC has become a hot topic, such as diabetes,
obesity, alcohol consumption, and intake of aflatoxin-contaminated food.

Metabolic syndrome (MS) has been recognized as a major public health problem
worldwide arousing more attentions. MS is a collection of metabolic abnormalities,
including abdominal obesity, blood lipid barrier, diabetes, and hypertension. MS is
interrelated with insulin resistance, which is also known as insulin resistance syndrome
and associated with a chronic proinflammatory state. Notably, obesity and diabetes are
also likely to be risk factors for HCC. In a recent systematic review of 13 case control
studies, 11 reports supported an association between diabetes and the development of
HCC. Of the 13 case control studies, subjects with diabetes had a 2-fold higher risk of
HCC. The chief pathway by which obesity increases risk involves the association
between obesity and nonalcoholic fatty liver disease (NAFLD). NAFLD is the most
common cause of chronic liver disease among adults in western countries. NAFLD
comprises a spectrum of conditions, ranging from fat alone to fat plus inflammation, fat
plus ballooning degeneration, and nonalcoholic steatohepatitis ( NASH ), which is a

well-recognized cause of cirrhosis and has been increasingly associated with the
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development of carcinoma.

As the hepatic entity of metabolic syndrome, NAFLD/NASH is a risk factor for HCC,
even in the absence of cirrhosis. A recent study has shown that NAFLD is a principal risk
factor in the development of HCC, irrespective of age. Accumulating evidences also
suggest that visceral adipose tissue secretes vascular endothelial growth factor ( VEGF)
and other adipokines, implicating the dysregulation of angiogenesis as a connection
between obesity and worse clinical outcome. In animal models, leptin also activates
many signal transduction pathways, such as JNK, protein kinase B, AKT, and the
extracellular signal-regulated kinase pathway in HCC cells, all of which promote the
progression of cancer.

Alcohol consumption increases the risk of HCC primarily through the development of
cirrhosis, and coffee consumption appears to have a favorable effect on the prevention
of liver diseases, including HCC. There are several hypotheses to explain the reasons.

HCC is a complicated disease involving various aspects of both host and
environment. Since hepatitis virus infection is directly linked to HCC onset, development
and application of potent anti-virus agents is essential in the prevention of HCC. Genetic
and histological heterogeneity renders the poorly therapeutic effect of current strategy.
Therefore, molecular classification of HCC was anticipated to favor the personalized
management of HCC in future. Comprehensive analysis regarding the distinct role of
each factor as well as the cross-talking network among them is necessary to improve the
curative effect of HCC. Combinations of new target-specific drugs and chemotherapy
would pivotally enhance the anti-tumor efficacy. The use of ‘ cocktails’ of target-
directed drugs that aim at different hallmark characteristics of HCC are likely to achieve
maximal therapeutic benefits. Although recent progress on HCC study offers promise to
translate bench-top discovery to clinical practice and shed new light on the prognosis of
HCC patients, further studies are in urgent need to further improve the diagnosis and
therapy of HCC.
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Dr. Hongyang Wang

Director, Professor & Chief Physician

International Cooperation Laboratory on Signal Transduction,
Eastern Hepatobiliary Surgery Institute/Hospital, Shanghai, P R
China

Member of Chinese Academy of Engineering, Member of TWAS( The

Academy of Sciences for the Developing World ) State Key

Laboratory of Oncogenes and Related Genes, Shanghai Jiaotong
University, P R China

Prof. Dr. Hongyang Wang received her doctor’ s degree from University Ulm, Germany in 1992.
She set down and became professor and director of International Cooperation Laboratory on Signal
Transduction in 1997, and chief physician and director of Department of Clinical Treatment [[ in
1999 in Eastern Hepatobiliary Surgery Institute and Hospital in Shanghai. And in 2005, she was
elected as academician of Chinese Academy of Engineering. In 2009, she was elected to be the
first director of the Medical Department of National Natural Science Foundation of China
(NSFC).

Her major interests are molecular mechanisms of tumors, especially the cell signaling of
human hepatocarcinoma ( HCC) and translational medicine. She has published more than 100
papers in the important international magazines such as Cancer Cell, J. E. M. , Gastroenterology,
Hepatology, Cancer Res. , Nature, Oncogene, J. B. C. She has 2" class prize of National Natural
Science Award, Science and Technology Award of HO LEUNG HO LEE FOUNDATION, and
Shanghai Medical Science and Technology Award ( Class I). She is also the deputy editor-in-chief
or member of editorial board of 8 academic journals, such as Molecular Carcinogenesis, J. B. C.

and Frontiers of Medicine.
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New Individualized Treatment in Chronic Hepatitis
B Patients

Jinlin Hou

Nanfang Hospital, Southern Medical University, Guangzhou, PR China

Chronic hepatitis B (CHB) infection is a significant health problem throughout the world,
and particularly in China. It is estimated that more than half a million Chinese people die
annually from end-stage hepatitis B complications, which is associated with huge
healthcare costs and a heavy socioeconomic burden. The goal of therapy for CHB is to
improve quality of life and survival by preventing progression of the disease to cirrhosis,
end-stage liver disease, HCC and death. There are two kinds of approved anti-hepatitis
B virus agents including interferons ( standard and two pegylated interferons) and
nucleos(t)ide analogues (NAs) (lamivudine, adefovir dipivoxil, entecavir, telbivudine
and tenofovir) .

One major effort should be made to improve the antiviral efficacy and to reduce the
risk of viral resistance due to poor response to the current available antiviral strategy,
depending on exploring the valuable predictors of responsiveness. The points of
optimized antiviral strategy are to initiate treatment with a proper drug at the proper time
point, to monitor the on-treatment response closely and, in the patients with poor
response, to consider adding on a second drug or switching to another more potent
drug. Optimization of antiviral strategy for CHB patients includes either interferon based
response guided therapy (RGT) approach or NAs based treatment ( either start with
high potency and low resistance NAs, or start with high resistance ( LAM/LDT)/low
potency ( ADV) NAs, and then modify strategy according to patients’ response

(Roadmap Concept).
Interferon based response guided therapy ( RGT) approach
One study in China is aimed to identify how treatment of HBeAg-positive patients with
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peginterferon oo—2a can be optimized using a response guided therapy. At the time of
analysis, 261 patients had completed 24 weeks of PEG - IFN o—2a therapy. Overall,
25% (66/261) had met the criteria of early response (HBV DNA <5 Log copies/mL and
HBsAg <1500 IU/mL after 24-week peginterferon treatment). Of the early responders,
26% (17/66) had achieved HBeAg seroconversion at week 24 versus 6% (11/195) in
non-early responders. Baseline HBsAg/HBeAg quantitation and HBV DNA were
significantly lowered in early responders than those in non-early responders. Changes
from baseline in HBsAg, HBV DNA and HBeAg were more pronounced in early
responders ( —1.48 log IU/mL, -4.78 log copies/mL, -1.57 PEIU, respectively)
than those in non-early responders ( —=0.41 log IU/mL, -2.47 log copies/mL, -0.82
PEIU, respectively). This study will provide valuable information on how patients with
CHB can benefit from baseline and response guided therapy to help optimize treatment

duration and the final results are eagerly anticipated.

NUCS start in naive patients

Entecavir and Tenofovir, characterized by high potency with low resistance, have been
recommended as the first line ( AASLD 2010 and EASL 2012) or preferred ( Chinese
guidelines 2010 and APASL 2012) regimens for naive patients by major guidelines.
However, due to the high cost of the first line agents, there are only 13% naive patients
using entecavir as the first antiviral strategy, while, over 70% patients are using LAM/
ADV/LDT, which bring large cohorts of patients with suboptimal response or/and viral

resistance.

NUCS based roadmap/salvage strategy

Patients starting with high resistance drugs such as LAM/LDT should be closely
monitored, and doctors should modify the treatment according to patients’ response by
adding on no-cross resistance NAs in case of drug resistance. About 2/3 patients will
require adding another drugs according to optimizing therapy strategy; adequate lab
support and good patient compliance are key success factors. The one key RCT study
(EFFORT study) is ongoing in China, patients receiving optimized treatment achieved
significantly higher rate of HBV DNA <300 copies/mL (71.7% [215/300] vs. 58.5%
[175/299], P =0.001), lower rates of virological breakthrough (1.7% [5/300] vs.
12.0%[36/299 ], P <0.001) and genotypic resistance (1.3% [4/300] and 10. 7%
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[32/299 ], P <0.001) than those receiving standard of care treatment. W24 add-on
ROADMAP concept was proved effective in this randomized controlled study, in which
W76 significantly increased antiviral efficacy and reduced viral breakthrough rate versus

standard of care.

Future perspectives (EASL APASL Guideline)

In the future, more important data, focusing on optimization of the efficacy of antiviral
agents, will be released from China, based on the launched National Project of Hepatitis
Research. Both economic development and healthcare system reform, including a new
reimbursement policy, will make antiviral agents more accessible to Chinese patients.
Ultimately, it will allow for physicians greater opportunities to follow international and

Chinese treatment recommendations.

Dr. Jinlin Hou
Director and Professor of the Hepatology Unit and Department of

Infectious Diseases, Nanfang Hospital, Southern Medical University

President elect of Chinese Medical Association of Infectious Diseases, Director and professor of
Hepatology Unit and Department of Infectious Diseases, Nanfang Hospital, Southern Medical
University, Guangzhou, China. He has more than 200 peer-reviewed journal publications
including Hepatology, Science, Journal of Hepatology.

Current researches include clinical management of viral hepatitis and molecular virology and

immunology of HBV infection.
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Perspectives for Better Treatment of
Chronic Hepatitis B

Michael Roggendorf, Anna Kosinska, Jia Liu and Mengji Lu

Institute for Virology, University Hospital of Essen, University of

Duisburg-Essen, Germany

World Health Organization estimates that about 2 billion people worldwide have been
infected with hepatitis B virus (HBV). Since the introduction of preventive vaccination
programs against hepatitis B in over 170 countries, the number of new infections is
continuously decreasing. However, despite the success of prophylactic vaccines,
chronic HBV infection is still a global health problem. Over 360 million people are
persistently infected with HBV, of whom 1 million die each year from HBV associated
liver cirrhosis or hepatocellular carcinoma ( HCC ). Due to unstable political and
economical situation in several countries the vaccination program are not as effective as
it could be. The outcome of HBV infection varies greatly from person to person. In most
of the cases the infection is cleared spontaneously; however, 5% - 10% of adults
develop chronic infection. By contrast, 40%-90% of children who are born to HBV
infected mothers will develop a persistent liver disease'" .

In recent years a marked progress has been made in the treatment of chronic
hepatitis B. Currently, the two types of antiviral therapies are approved:. treatment with
pegylated interferon alpha 2a ( PEG-IFNa) or nucleos (t) ide analogues, such as

adefovir, entecavir, lamivudine, telbivudine and tenofovir®®’.

However, the efficacy of
those therapies in preventing liver cirrhosis and HCC is still limited. Treatment with PEG
- IFNa leads to a sustained antiviral response in only one third of patients, regardless of
combining the therapy with polymerase inhibitors. On the other hand, the treatment with
nucleos ( t) ide analogues significantly suppresses HBV replication that leads to a

decrease of necroinflammation in the liver. However, those antivirals cannot completely
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eradicate the virus. After withdrawal of the drug, the rebound of viremia is observed in
the majority of patients. Furthermore, the long-term treatment is subsequently
associated with the appearance of drug-resistant HBV strains that is often the cause of

[6,7]

the therapy failure . Therefore, the new approaches in treating chronic hepatitis B are

urgently needed.

Immunological control of HBV infection

It is well documented that an appropriate adaptive immune response is required to
efficiently control the HBV infection. T cell-mediated immune response directed against

hepatitis B virus antigens is crucial for resolution of the infection'® ",

HBV-specific
CD8" T cells are able to clear HBV-infected hepatocytes by secretion of Th1 antiviral
cytokines, such as interferons (IFNs) and tumor necrosis factor alpha ( TNFa), and
direct cytotoxic mechanisms ( perforin/granzyme, ligand-ligand induced cell death, e.
g., Fas-Fas-L)"* " which eliminate infected hepatocytes (Fig.1). An early, vigorous,
polyclonal and multi-specific cellular immune response against the viral proteins is
associated with the clearance of hepatitis B in acutely-infected patients. In contrast,
chronic HBV carriers demonstrate weak, transient or often undetectable CD8 " T cell

17-21]

response that correlates with HBV persistence' Humoral immune responses,

especially neutralizing anti-envelope antibodies, play a key role in preventing HBV

spread to non-infected hepatocytes'® **’.
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Fig.1 Control of HBV infection by CTL inhibition of HBV replication by cytokines (IFN- « and IFN-v)

elimination of infected cells by cytotoxic activity of HBV specific CD8 cells| Desigse, A. Bertoletti].

Recent studies indicate that several mechanisms may be involved in the loss of the
function of HBV-specific T cells during chronic hepatitis B. It was shown that high-level

viremia negatively influences the virus-specific immune responses. High viral replication
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in the liver with viral load higher than 10" copies/mL is correlating with
hyporesponsiveness of virus-specific CD8 " T-cells in patients with chronic hepatitis
B'*®*!. Moreover, the prolonged exposure to viral antigens occurring during the chronic
viral infections can trigger the T cells to become tolerant and prone to apoptosis
(Fig.2). The interaction between programmed death 1 (PD-1) receptor and its ligand

PD-L1 (also known as B7-H1) plays an important role to prevent an overreaction of the

[24]

immune system =", Recent studies revealed that inhibitory molecules such as PD-1 and

CTLA-4 are markedly up-regulated on virus-specific T cells, resulting in exhaustion of

)[25]

those cells (e. g., lack of IFNy production and proliferation . Simultaneously, this

mechanism can contribute to the development of the chronic infection by impairment of

the effective anti-viral response. This hypothesis was previously proven for hepatitis C

28-30]
’

virus (HCV)™**”) and human immunodeficiency virus (HIV) infection in humans'

31,32]

as well as lymphocytic choriomeningitis virus (LCMV) infection in mice and more

33,34]

recently for HBV' Furthermore, several studies imply that functional defects of

antigen presenting cells (APCs), mainly dendritic cells (DCs), may contribute to the

[35-41]

impaired T cell response in chronic hepatitis B patients In vitro studies showed

that DCs isolated from HBV chronic carriers produce lower amount of antiviral cytokines,

[35, 36]

such as type | interferons and TNF«, in comparison to healthy controls In

addition, those DCs are less efficient in T cell activation and stimulation of T cell

35,39-41]

proliferation’ . The novel report demonstrated that myeloid DCs from chronic HBV

patients express increased level of inhibitory PD-L1 molecule and therefore may down

regulate functions of HBV-specific T cells'®".

Several investigations underline the significance of CD4 " CD25 * regulatory T cells in

[42]

pathogenesis of persistent viral infections In HCV and HIV-infected patients it was

shown that regulatory T cells may down-regulate HCV- and HIV-specific CD8 " and

[43-45]

therefore influence the disease progression . The role of regulatory T cells in HBV

infection is still not clear. Nevertheless, the increased numbers of CD4* CD25"
regulatory T cells were detected in the blood and the liver of patients with chronic severe
hepatitis B'*’. Recent results in mice have shown that Tregs down regulate antiviral

[47]

effects of T cells through limiting cytokine production ™. In addition, the liver itself is an

organ with tolerogenic properties that might contribute to the immunological tolerance

48,49

during chronic HBV infection'*®**’. Finally, viruses developed the strategies to efficiently

evade the host immune response resulting in persistent infections. Viral immune escape
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PDI and CTLA-4 pathway
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Fig.2 Mechanisms to evade immune defense: Dysfunction of CD8 " cells( Nature Immunol 3,2201 -2205)

due to the mutation of CD4 ", CD8 * and B cell epitopes in a given HLA background has
been observed in patients infected with HIV, HCV and HBV"*.

Several studies demonstrate that the treatment with lamivudine alone, or in
combination with interleukin-12 (IL-12) result in the restoration of the HBV-specific CD4 *
and CD8" immune response in chronic HBV-infected individuals. However, the
therapeutic effect was not sustained in those patients'***'.

In this article we would like to describe new therapeutic strategies to treat chronic
hepatitis B which may be introduced for patient treatment in the future. We will describe
(1) new therapeutic immunization approaches, (2) HBV specific small interfering RNA
(siRNA), (3) TLR as stimulators of innate immune response, (4) genetherapeutic
approaches, (5 ) new antiviral molecules inhibiting HBsAg secretion, (6 )
immunomodulatory strategies. In addition to PEG-IFN-a or nucleos(t)ide analogues the

following therapies may be evaluated in patients and implemented in the therapy.

1. Therapeutic immunization in chronic hepatitis B

Over the last 20 years, continuous efforts have been undertaken to develop a
therapeutic vaccine for chronic hepatitis B to enhance the virus-specific immune

responses and overcome persistent HBV infection'® "%’
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Numerous clinical trials of therapeutic immunization exploited the conventional
prophylactic hepatitis B surface antigen ( HBsAg )-based protein vaccines. These
studies demonstrated reductions in viremia, HBeAg/anti-HBe seroconversion and HBV-
specific T cell responses in some patients. However, the antiviral effect was only
transient and did not lead to an effective control of the HBV'**®. Combination of the
HBsAgQ protein vaccines with antiviral treatment with lamivudine did not lead to a
satisfactory improvement of the therapies'®*".

The strategies designed to specifically stimulate HBV-specific T cell responses were

721 The lipopeptide-based vaccine containing a single cytotoxic T

also not successful’
lymphocyte ( CTL) epitope derived from HBV nucleocapsid was able to induce a
vigorous primary HBV-specific T cell response in naive subjects'”'. However, in HBV
chronic carriers the vaccine initiated only poor CTL activity and had no effect on viremia

or HBeAg/anti-HBe seroconversion' ™.

The DNA vaccine expressing small and middle
envelope proteins proved to elicit the HBV-specific cellular immune response in chronic
HBV carriers; however, this effect was only transient'”".

Yang et al. presented the novel DNA vaccine for treatment of chronic hepatitis and

combined the immunizations with lamivudine treatment' .

The multigene vaccine
contains five different plasmids encoding most of HBV antigens and human IL-12 gene
as a genetic adjuvant. The combination therapy led to sustained antiviral response in 6
out of 12 HBV chronically-infected patients. The responders were able to clear HBeAg
and had undetectable viral load at the end of 52-week follow-up. Those effects were
correlating with a detectable T cell response to at least one of the HBV antigens'”"".
Nevertheless, further studies are needed to evaluate this strategy on a larger cohort of
HBV chronic carriers.

The therapeutic vaccine based HBsAg complexed with human anti-HBs was
proposed by the group of Wen et al. "', Immunogenic complexes (IC) stimulate robust
T cell responses by increasing uptake of HBsAg through Fc receptors on APCs and,
therefore, modulate HBsAg processing and presentation. It was demonstrated that this
vaccine administered to HBeAg-positive patients led to decrease of HBV DNA in serum,
HBeAg seroconversion and development of anti-HBs in part of the subjects ™.
Currently, the IC-based vaccine is the only one that entered phase Il of clinical trials in

[76]

chronic hepatitis B patients'™' . Even though the IC-based vaccine led to antiviral effect,

clearance of HBV was observed in about 15% of treated patients. It seems that the
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vaccine alone is not sufficient to achieve the full control over HBV. The ongoing clinical
trial will show, whether IC are effective as a therapeutic vaccine in chronic hepatitis B.
A recent study in France using nucleos(t)ide analogues treatment and therapeutic
DNA vaccine to stimulate a CD4/CD8 T cell response to HBsAg was conducted. In this
double blind study 32 patients who became HBV DNA negative under nucleos (t) ide
analogues therapy receive five DNA vaccinations expressing HBsAg. However, the
relapse rate after stopping antiviral therapy in the vaccine group did not differ from the
Michel M.

patients who received only antiviral therapy [ Pol S. personal

b ’

communication]. The failure of this treatment may be explained by the fact that nucleos
(t) ide analogues reduce virus replication; however, have little influence on this
secretion of HBsAg which has a major tolerizing effect in chronic hepatitis B. T cell

response to the core protein or the polymerase protein may be more effective.

Animal model for studies on therapeutic immunization in chronic hepatitis B

Over the years, various animal models, including chimpanzees, woodchucks, ducks,
and HBV transgenic mice, were established for development and evaluation of novel
therapeutic vaccines. Studies using HBV transgenic mouse models demonstrated that
DNA immunization with the expression plasmids encoding different HBV proteins could
induce HBV-specific antibodies and stimulate CTL responses. However, the functionality
of HBV-specific CTLs induced in transgenic mice may be not fully developed'™ "',
Improvement of DNA vaccination regimen'®’ and blockade of PD - 1/PD - L1

interaction**®'

(see below) could enhance functional T cell responses and lead to
inhibition of viral replication in vivo without causing hepatitis. Thus, the animal models
with naturally occurring hepadnaviral infection are required for the long-term evaluation of
the therapeutic effect. In comparison to chimpanzees, woodchucks are easily available
and affordable.

In the woodchucks, the application of DNA vaccine expressing woodchuck hepatitis
virus (WHV) core antigen (WHcAg) in combination with antivirals led to the prolonged

control of viral replication'®**".

However, it became clear that the usage of the more
potent vaccines is required to overcome WHV persistence. New DNA plasmid
(pCGWHc) and recombinant adenoviruses ( AdVs) showing high expression levels of
WHcAg were developed. Mice vaccinated with the improved plasmid pCGWHc elicited

a stronger WHcAg-specific CD8 " T-cell response compared to the previously used
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vaccines|[ Kosinska A. et al. , under review]. The prime-boost regimen examined in this
study induced a robust and functional WHcAg-specific T-cell response in mice. The
vaccination with the new plasmid DNA vaccine and recombinant adenoviral vectors
elicited a significant CTL response in naive woodchucks and led to the rapid
development of anti-WHs antibodies and resolution of WHV infection after WHV
challenge. This WHcAg-based DNA prime-AdV boost immunization was also used in
chronically WHV-infected woodchucks in combination with a potent nucleot ( s) ide
analogues treatment [ Kosinska A. et al, unpublished results |. A significant WHcAg-
specific and WHsAg-specific T cell response in all woodchucks that received the
vaccination and antiviral treatment but not in control animals could be observed.
Moreover, two out of four woodchucks from combination therapy group remained WHV
DNA negative from the end of antiviral treatment up to the end of the monitoring period
and developed anti-WHs antibodies. These promising data indicate that combination
therapy using antiviral drugs which reduce viral load and a potent T cell vaccine against

the HBV core protein may be a therapy for chronic hepatitis B in the future.

2. HBV specific small interfering RNA ( siRNA)

RNA interference (RNAI) using small interfering RNAs (siRNAs) of a length of 21 to 23
nucleotides represents a promising way for the specific treatment of HBV infection'®'. It
is mediated by chemically synthesized or vector-expressed siRNAs, which lead to the
sequence-specific degradation of target messenger RNAs ( mRNAs). Many clinically

185-871  Some

relevant viruses including the HIV, HBV, and HCV could be inhibited in vitro
siRNAs have been shown to inhibit HBV gene expression and replication in transient and
stable transfection systems. We were able to demonstrate that two siRNAs targeting the
S and X regions of WHV genome had the highest efficacy to deplete 70% of WHV

[88] |n

transcripts and replicative intermediates in primary woodchuck hepatocytes
addition, the expression of cellular genes involved in the innate and specific immune
responses like MxA and MHC | was upregulated after siRNA-mediated suppression of
WHYV. Thus, siRNAs might be useful as novel antiviral agents for the treatment of chronic
HBV infection, both by the inhibition of HBV replication and enhancement of the
expression of cellular genes relevant for antiviral actions. However, the efficient delivery

of siRNA in vivo has to be optimized for successful treatment.
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3. TLR as stimulator of the innate immune response in chronic hepatitis B

The innate immune system represents the first line of defense against viral infections and
responds at the first encounter with the pathogens. It induces an antiviral state in
infected cells and activates immune cells by producing cytokines and chemokines,
thereby limiting viral replication and coordinating adaptive immunity. The mammalian
cells are equipped with an array of germ-line encoded pathogen recognition receptors,
in particular Toll-like receptors (TLRs) that are able to recognize a set of evolutionary
highly conserved structures, so called pathogen-associated molecular patterns. Based
on the ability of TLR ligands to stimulate immune and somatic cells, in vitro and in vivo
testing of TLR ligands was performed to examine the direct antiviral and indirect
immunomodulatory effects of drug candidates. TLR ligands showed anti-HBV activity in

[89]

various systems The induction of both IFN-dependent and independent antiviral

mechanisms are involved in this activity. The recent findings imply that Toll-like receptor

2 (TLR2) plays an important role in the pathogenesis of chronic HBV infection'**"/. |

n
patients and woodchucks, relatively low levels of TLR2 expression were found on
PBMCs and in liver tissues from chronically infected carriers. In the woodchuck model,
TLR2 expression on PBMCs was inversely correlated with WHV DNA titers in acute WHV
infection and in entecavir treated chronic WHV carriers. It could be shown that TLR2
ligands activated NF- kB, PI3K/Akt, and different arms of MAPK signaling pathways
and induced the production of pro-inflammatory cytokines in hepatocytes. TLR2-
mediated innate immune responses led to reduction of HBV/woodchuck hepatitis virus
(WHV ) replication and gene expression in human hepatoma cells and primary
woodchuck hepatocytes. These data suggest that the mutual inhibition of HBV
replication and TLR2 signaling represents an important aspect of HBV infection.

In addition, many TLR ligands are also known as excellent vaccine adjuvants and

therefore tested for prophylactic and therapeutic vaccine formulations for HBV.

4. Genetherapeutic approaches

Alpha interferon (IFN - o) and IFN -y play an important role in resolution of acute
hepatitis B. IFN - o and IFN -y are able to suppress Hepadnavirus replication. The
intrahepatic expression of high levels of IFN may enhance the antiviral activity. In

chronically HBV-infected patients, the antiviral effect of IFN- o has been demonstrated;
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however, suppression of replication is observed in 37%

33% , and loss of HBsAg is seen in 8% of patients'®’.

loss of HBeAg is induced in

, In addition, a large number of
chronically HBV-infected patients are excluded from IFN- « treatment, e. g., patients
with normal alanine aminotransferase levels do not profit from this therapy, and patients
with advanced cirrhosis cannot be treated because of severe side effects™®’. The
treatment is accompanied by side effects, e. g., flu-like symptoms in most patients,
weight loss, bone marrow suppression, an increased risk of sepsis ( particularly in those
patients with cirrhosis ), alopecia, thyroid dysfunction, and depression and other

psychiatric disorders""’.

The local expression and action of IFNs may be a new
therapeutic approach to reduce side effects and enhance the antiviral effects. High-
capacity or helper-dependent Ad (HD-Ad) vectors seem to be good candidates for the
delivery of cytokine genes to the liver. HD-Ad vectors do not express any viral proteins,
and thus safety is considerably improved; in addition, the immune response induced by
the vector itself is significantly reduced compared to previous-generation Ad vectors'®'.
Gene delivery with HD-Ad vectors was also shown to induce a long-lasting expression of
proteins. The effects of wIFN-o and wlFN-+y on chronic hepadnavirus infection in the
woodchuck has been tested by a new approach: we wanted to achieve local and long-
lasting expression of IFN—-a or IFN—+y in the liver in vivo by delivery of the respective
cytokine genes to hepatocytes via HD - Ad vectors. The transduction of livers of WHV
carriers in vivo with HD — AdwIFN - o or HD - AdwIFN -y induced levels of biologically
active IFN, which could be measured in the sera of these animals. Expression of wiFN-
a in the liver reduced intrahepatic WHV replication and WHV DNA in sera of about 1 log

step in two of two woodchucks'®’.

Alternative vectors or hepatotropic recombinant
viruses, e. g., hepatitis A virus or hepatitis D virus, may be used to deliver the
expression of IFN-a and —+y. However, so far no recombinant and attenuated hepatitis

A virus or hepatitis D virus has been reported.

5. Inhibition of release of HBsAg from infected hepatocytes

Infected hepatocytes release large quantities of complete viral dane particles and small
22 nm particles containing only envelop protein. By nucleotide treatment viral replication
is inhibited ; however, the release of small 22 nm particles is not inhibited. These HBsAg
particles, which have been associated with HBV-specific immune defects and may

contribute to the long term persistence of HBV infection in the liver may be responsible
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for continuation of tolerance. Inhibition of the release of HBsAg particles may be a
strategy to gain function of T and B cell response. Recently preliminary results of a new
compound have been presented which specifically inhibit release of HBsAg in DHBV
infected ducks [ Gilbert A., unpublished results ] and in patients ( press release
REPLICOR).

REP 9AC’ represents the latest clinical candidate in a new class of antiviral agent
that blocks the release of hepatitis B surface antigen (HBsAg). Pre-clinical studies in
ducks with DHBV infections showed a significant drop of DHBsAg during treatment with
REP 9’ AC. The clinical candidate, REP 9AC, rapidly cleared serum HBsAg also in
patients infected with HBV. This is exemplified by the first patient who had 2,000,000
copies of the virus/mL in his blood, was then treated for a total of 23 weeks and who
has so far maintained a sustained virologic response ( <70 copies of the virus/mL in his
blood) for a period of 6 months off treatment. This reduction of HBsAg by combining
REPLICOR with nucleos(t)ide analogs may be a new option to reduce viral load and
secretion of HBsAg and allow many of these patients to regain effective immunological
control over their infection, resulting in sustained virologic responses. REP 9AC may

therefore provide an important new tool in the treatment of chronic hepatitis B.

6. Immunomodulatory strategies

As mentioned above the down-regulation of CD8 T cell function by the interaction of PD-—

1 and PD-L1 may attribute to chronic outcome of acute hepatitis B'** % %%/,

Blocking
this interaction by specific antibodies may lead to gain of functions. Pre-clinical studies
in the woodchuck model have shown that T cell function can be restored.
Characterization of wPD-1 and wPD-L1 of woodchucks revealed a high similarity to the

counterpart of mammalian species"®’’.

Expression of wPD -1 on CD8 T cells during
acute infection correlated with viremia and CD8 T cell response] Liu J. and Roggendorf
M. , unpublished results]. wPD-1 was elevated in PBMCs of woodchucks with chronic
WHYV infection. In vitro blockage of wPD-1/wPD-L1 interaction by antibodies enhanced
lymphoproliferation and CD107a degranulation in woodchucks with acute or chronic
WHYV infection. Woodchucks chronically infected with WHV were treated with potent
antiviral drug entecavir and received repeated DNA vaccines (WHV core and WHsAQ) .
During the vaccination, antibodies against wPD - L1 was intravenously applied. These

antibodies strongly restored T cell function in entecavir treated and DNA vaccinated
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woodchucks. These results indicated that wPD — 1/wPD - L pathway may play an

important role in T cell tolerance in chronic WHV infection. In vivo blockage of wPD-1/

PD - L pathway could strongly enhance T cell functions and break immunological

tolerance to viral antigens in chronic WHV carriers.
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Fig.3 New approaches for the treatment of chronic hepatitis B most probably

combination of different procedures may be necessary for elimination of HBV.
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Clinical Studies and New Therapies—The Role of
Networking

Michael P. Manns

Hep-Net at German Liver Foundation, Department of Gastroenterology,

Hepatology and Endocrinology, Hannover Medical School, Germany

The pharmaceutical industry has created its own networking to perform phase 1—3 trials
which are necessary for drug development to bring drugs to approval and markets.
However, investigator initiated and sponsored trials (IIT, IST) are necessary to develop
new therapies for orphan diseases and orphan indications and to optimize therapies with
already approved drugs.

The German network of competence “Hep-Net” (www. kompetenznetz-hepatitis.
de) was founded in 2002. After a 12. 5 million public funding by the German
Government (BMBF) over the first 8 years, Hep-Net is now a project carried on forward
and funded by the German Liver Foundation (www. german-liverfoundation. com; www.
deutsche-leberstiftung. de). One of the projects of Hep-Net is the Hep-Net Study House
which performs clinical studies mainly as investigator initiated trials (IIT) but also as
investigator sponsored (IST) trials with support by the government, the German Liver
Foundation and the pharmaceutical industry. Among these trials are the German Hep-
Net Acute Hepatitis C Studies. We were able to create a network of over 70 centers
contributing to these trials that could establish the benefits of early treatment with
interferon monotherapy to prevent chronicity.

Recently, the Hep Net Il study was completed comparing immediate interferon
monotherapy with the wait and see strategy in a prospective manner. Furthermore, we
performed multicenter trials in order to individualize PEG-IFN plus ribavirin therapies and
to establish optimized duration of treatment for hepatitis C based on early viral kinetics.

The results of some of these studies entered national as well as international practice
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Competence Networks: | www.kompetenznetze-medizin.de| ‘
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guidelines. In addition, we collaborated with the pharmaceutical industry to fulfil
postapproval commitments, e. g. for PEG - IFN plus ribavirin therapies in HCV
genotypes 2 and 3. This REDD 2,3 study was the first Hep Net study that established

international networking of the German network.
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Studies to Individualize HCV Therapy Dpugschel
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REDD 2/3 Study - SVR: Completers Analysis
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The Hep-Net/International Delta Hepatitis Intervention Trial
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Finally, Hep Net performs therapeutic multicenter and multinational trials for
innovative therapies in hepatitis D (Delta). The first trial, HIDIT |, compared 48 weeks
of PEG - IFN versus adefovir versus PEG - IFN plus adefovir combination therapy.
Centers from Germany, Turkey and Greece participated in the study. In the present
socalled Hep Net HIDIT I trial, 96 weeks of PEG - IFN o — 2a monotherapy are
compared with a combination of PEG - IFN plus tenofovir. This HIDIT |l study is fully

enrolled and is running in Turkey, Greece, Rumania and Germany. Various substudies
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have been performed by Hep Net investigators taking advantage of these large
multicenter trials and the experimental expertise of Hep Net scientists contributing to our

understanding of pathogenesis and therapy in viral hepatitis.
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The Epidemiology of Hepatitis B and C and
Their Control Strategies in China

Yu Wang

China Center for Disease Control and Prevention, Beijing, PR China

Hepatitis B virus (HBV) infection and its related diseases has brought serious harm to
Chinese people and caused huge disease burden. HBV infection is highly endemic and
a part of the patients can develop into chronic infections. According to a national
epidemiological sero-survey, the prevalence of HBsAg was 9.75% in 1992.

Hepatitis B vaccine (HepB) is very effective to prevent HBV infections. In late
1980s, China started to use plasma-derived HepB, but due to the limited supply, HepB
was mainly used in areas with high HBsAg prevalence, especially among those living in
regions of high incidence of liver cancer. HB vaccination provided early protection
against liver cancer for those people. Since the early 1990s, when the supply of yeast-
derived HepB was sufficient, the government recommended and encouraged newborns
to be vaccinated at the patients’ expense. However, due to the differences in economic
condition among provinces and between urban and rural areas, the coverage rate was
high among residents in urban cities of developed areas but was low in poor and rural
areas.

In 2002, HepB was integrated into China’ s Expanded Program on Immunization
(EPIl) and vaccines were provided free of charge, while only the users’ fee and cost of
syringes were charged to those who received the vaccine. This policy increased the
coverage rate of vaccinee markedly. Since 2005, HepB was fully integrated into national
immunization programm, and all costs related to HB vaccination were free of charge.
Almost all newborns in China received timely-birth dose vaccination depending on the
availability of health services in different regions. In 2006, the Ministry of Health of China

conducted a national sero-epidemiological survey of HBV among the population aged
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1-59. The survey showed that the prevalence of HBsAg among the population aged
1-59 was 7. 18% , the lowest was only 0. 96% in the age group 1-4, which had
reached the goal of hepatitis B control set by WHO Western Pacific Region
Organization, while the highest was in the age group 15-59, which was 8.57% .

Based on the sero-survey data in 1992 and 2006, it was estimated that the number
of HBsAg carriers decreased by 19 million during the years, and 80 million children were
protected from HBV infection. This brought tremendous social and economic benefit.
The three-dose vaccine coverage rate of HepB (HepB,) increased from 30% in 1992 to
93% in 2005, when first recommended HepB integrated into routine immunization
management. The HepB Timely Birth Dose rate increased from 22% in 1992 to 82% in
2005. We may expect that when this generation reaches the child-bearing age, their
offsprings would step into the era of hepatitis B elimination.

Although HepB will finally eliminate hepatitis B and HB associated diseases
including chronic hepatitis B, it is expected that liver cirrhosis and HCC which are
caused by HBV may also be controlled, we still have a long way to go. The decline of
HBsAg prevalence among the general population predominantly depends on the
protection of newborns by vaccination, which dilutes the numbers of current HBV
infections and results in decrease of HBsAg carrier rate in the whole population. The fact
which cannot be neglected is that currently there are still 93 million HBsAg carriers, 1
million cirrhosis, 350,000 HCC in China in 2010. This situation may last for many years
and thus viral hepatitis B still is one of the highest disease burdens in China.

In general, there is a positive association between viral load of HBV and liver
damage among carriers. While there is no therapeutic method to clear HBV and cure the
patients, anti-viral treatment which can decrease the viral load in the blood becomes the
current preferred therapy. So far, treatment with anti-viral drugs is in good progress and
approximately 7 —8 kinds of anti-viral drugs are available in clinical application. Due to
the different effects of anti-viral drugs, the cost for treatment varies greatly. For the huge
number of patients who need long-term treatment, China should organize studies and
evaluation of the efficacies of anti-viral drugs in Chinese chronic hepatitis B patients.
Development of evidence-based therapeutic guidelines and provision of experienced
advice will greatly improve therapeutic efficacy, decrease medical cost and gain
maximum benefit.

Hepatitis C is mainly transmitted by contaminated blood and blood products. Since
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mid 1990s when China began to impose strict screening of blood supply, new cases of
HCV infections became less. Recently, in drug abusers, co-infections of HCV, HIV and
HBV were reported, which increase the incidence of new HCV infections. At the same
time, due to the lack of education and control of country doctors in poor and rural areas
in certain part of the country, the risk of transmitting HCV by contaminated medical
devices increased. Recently, in the rural areas of Henan, Anhui, Guangdong
provinces, clustered infection of HCV mainly among children and adolescents occurred,
which indicates the urgent need for properly trained country doctors. Therefore, it is
emphasized that together with financial support for modern equipments, to reinforce the
training and education of country doctors and improve the quality of primary health care

services are of priority. This will be an effective measure for the control of infectious

diseases.

Prof. Yu Wang
Director, Chinese Center for Disease Control and Prevention
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The Future of Research and Development of
Vaccines against Viral Hepatitis

Li Ruan

Virus Disease Institute, China CDC, Beijing, PR China

Viral hepatitis is viral infection of hepatocytes as the major host cells. This group of
viruses includes hepatitis A virus ( HAV) , hepatitis B virus (HBV), hepatitis C virus
(HCV) , hepatitis D virus (HDV) , hepatitis E virus (HEV), etc. From a public health
point of view, hepatitis A, hepatitis B, hepatitis C and hepatitis E can be prevented and
controlled by vaccines. Vaccines in R&D for viral hepatitis include preventive vaccine
(PV) and therapeutic vaccine (TV). Preventive vaccine is required for controlling HAV,
HBV, HCV or HEV, while therapeutic vaccine is mainly for HBV and HCV.

To date, PVs for HAV, HBV and HEV have been successfully developed. Phase |
clinical trial of PV for HCV has been completed. Phase Il or |l clinical trials of TVs for
HBV have also been completed. PVs for HCV are now undergoing phase | or |l clinical
trials. In view of prevention and control of viral hepatitis, what kinds of vaccines are
required? Which vaccines as priorities should be developed? Here | will provide some
opinions on the current situations, problems, trends and strategies for R&D of viral

hepatitis for discussion.

1. HAV vaccine

Hepatitis A is caused by hepatitis A virus and clinically characterized as acute hepatitis
with jaundice. Normally hepatitis A can be cured and will not develop chronicity. Most
cases of HAV infection in children are sub-clinical, while adult cases are acute. HAV,
belonging to picornaviridae, is highly infectious and is transmitted through fecal-oral
route. Both mucosal immunization and serum neutralization antibodies can block entry of

HAV into hepatocytes. Specific cellular immunity can also efficiently clear the virus and
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promote recovery.

1) Vaccine demands. PV is the most effective way to prevent and control hepatitis
A, while TV is instead not necessary.

2) Current status. Preventive vaccines for hepatitis A consist of two types of
vaccines: inactivated vaccines composed of inactivated wild-type strains; live
attenuated vaccines prepared by viruses being passaged in cells to reduce infectivity.

3) Challenges. Inactivated vaccines are safe to use, with good efficacy, but rather
expensive. In addition, there are bio-safety issues during production of inactivated
vaccines when using wild-type or partially attenuated strains. Live attenuated vaccines
are with good safety and efficacy, also relatively inexpensive, but it needs complicated
facilites to store and transport attenuated vaccines. Furthermore, there are potential
risks of recombination and reversion to wild type infectious strains.

4) Strategies. Currently, the two types of vaccines are basically able to meet the
demand for prevention and control of hepatitis A, but HAV vaccine should be further
improved in accordance with social and economic progresst. (1) R&D of molecular
identified attenuation of live attenuated vaccines, which can accurately remove the
infectivity-related genes and solve the problems of reversion. (20 Preparation of
inactivated vaccines using stable attenuated strains; Solving the potential risks of bio-
safety caused by using wild-type strains and putative reversion problem caused by
using live attenuated vaccines. (3 Development of genetic-engineered VLP subunit
vaccines to replace inactivated and live attenuated vaccines. @) Development of
polyvalent combined vaccines such as polyvalent inactivated vaccines, polyvalent live

attenuated vaccines, and polyvalent subunit vaccines.

2. HBV vaccine

Hepatitis B is caused by HBV and is characterized by hepatitis with non-typical
jaundice. Most perinatal infections caused by HBV become chronic virus carriers and
among them some will progress to chronic hepatitis. In contrast, infections of adults can
usually be cured. HBV is a member of hepdnaviridae and is not stable when exposed in
environment. HBV is highly infectious and is mainly transmitted by blood, sex, and
maternal-neonatal transmission. Neutralization antibody in serum can block virus
infection of hepatocytes, while induced cellular immunity can clear the virus and promote

recovery.
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1) Vaccine demands. PV is the most effective tool for prevention and control, and
TVs can be of help for the recovery of chronic hepatitis B patients.

2) Current status. (1) PVs have achieved a great success. Genetic-engineered
vaccines ( produced in yeast and CHO cells) are widely used for the prevention of
hepatitis B to replace the previous plasma-derived vaccines. (2 TVs. In China, there are
three TVs under clinical trials. The first is an antigen-antibody complex vaccine ( phase
[lla trials is completed) ; the second is synthetic peptide vaccine ( phase lla trials are
being conducted) ; the third is DNA vaccine ( phase | trials are completed).

3) Challenges. (1) PVs: Highly safe with good efficacy and low cost. Approximately
3% -10% of vaccines are non-responsive or lowly responsive. 2) TVs: Clinical efficacy
is yet not fully satisfactory. The vaccine candidates used in clinical trials are limited. In
China, there are totally 3 TVs, among which 2 are under phase I — Il trials.

4) Strategies. (1) Currently, PVs basically can meet social demands, but in view of
marketing, it is necessary to solve the issues of low-responders or non-responders.
Meanwhile, it is important to either exploit high dose (60 ug/dose) of HBV vaccine or
develop vaccines with multiple antigens, like preS1. (3 There are urgent needs for TVs,
but development of TVs is still at the stage of concept-study. Therefore, basic studies
on approaches to break immune tolerance of HBV should be strengthened and phase
| — Il clinical trials based on distinct ideas and design strategies should also be

encouraged. @) Study on combined use of TVs and therapeutic drugs.

3. HCV vaccine

Hepatitis C is caused by HCV. Acute cases do not show severe clinical manifestations
and jaundice. In acute hepatitis C cases, ~20% of patients will clear the virus and
recover, while the rest will develop chronic infection, which is an important cause for
chronic hepatitis. HCV is a single-stranded positive RNA virus and belongs to
flaviviridae. HCV is transmitted by blood, sex and maternal-neonatal transmission. As
20% of acute HCV cases could be self-limited, it suggests there is the possibility to
develop HCV vaccine. It will be much difficult to develop HCV vaccine, because HCV is
highly mutagenic and most HCV cases will progess to chronicity.

1) Vaccine demands. (1) To date, combination of therapeutic drugs has achieved
excellent efficacy, but it remains important to develop a safe and potent HCV vaccine to

control HCV infections ( especially for the high-risk population). @) Similarly,
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development of therapeutic HCV vaccine will have practical significance to improve the
efficacy of current drugs, to decrease the costs of drug therapy and deal with the
possible drug resistance.

2) Current status. No HCV vaccine is yet on the market. Phase | clinical trials on PV
using virus vector, VLP vaccine are ongoing. Phase | — Il clinical trials on TVs are also
ongoing.

3) Challenges. PVs and TVs are still at the stage of concept study. Some
experiments in animals suggest that these vaccines have immune-protective effects, but
the whole R&D route has not yet been completed.

4) Strategies. (1) PVs. Strengthen studies on the mechanisms of immune protection
in naturally recovered acute patients. Because HCV is highly mutagenic, HCV vaccine
should basically be of broad-spectrum. It is especially important to do the study of
confirming broad-spectrum cross neutralization antibody and broad-spectrum cross
cellular immunity. 2 TVs: Reinforce basic studies on effective therapeutic mechanisms
of chronic infection of HCV. Encourage phase | — I clinical trials on TVs. Emphasize
studies of combined application of TVs and therapeutic drugs. (3 Generate new ideas:
It is difficult to achieve success based on traditional theories and strategies of vaccine
development, because HCV is highly mutagenic and easy to cause chronic infection.
Therefore, it is crucial to generate innovative ideas for developing vaccines against

hepatitis C.
4. HEV vaccine

Hepatitis E is caused by HEV and characterized by the manifestation of acute hepatitis
with jaundice. Hepatitis E is mainly transmitted by the intestinal route. HEV is also
transmitted by transfusion and vertical transmission. Approximately 1/3 population of the
whole world have been infected by HEV, but most cases are sub-clinical infection.
Hepatitis E cases are mostly sporadic and also endemic. Acute cases can be self-
limited. HEV is single-stranded positive RNA virus and belongs to hepevirus genus of
hepeviridae. HEV has only one serotype. Although a number of HEV infection animal
models have been identified, except under unique conditions, HEV cannot be cultured
in vitro. Therefore, HEV vaccine can only be developed via the genetic-engineering
technology. Both neutralization antibodies in serum and mucosal immunity can block

HEV infection of hepatocytes.
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1) Vaccine demands. In the view of disease prevention and control, development
of HEV vaccine is important. For hepatitis E, TV is not necessary.

2) Current status. Phase Il clinical trials of HEV vaccine, which was composed of
virus like particles (VLP) prepared by HEV ORF2 protein expressed in E. coli, have
been completed and have shown good preventive effects. This vaccine has been
approved and been on Chinese market in Dec 2011.

3) Challenges. Analysis of a large scale of mass vaccination remains to be studied
because HEV vaccine has just been on the market.

4) Strategies. (1) Promotion of vaccine to be used in highly prevalent regions and
further observation of immunization efficacies and safety as well as analysis of cost-
effectiveness. ) Development of polyvalent subunit vaccines for HEV and promotion of
HEV vaccine use.

R&D of vaccine for viral hepatitis is a miniature reflecting R&D of traditional vaccines
and genetic-engineered vaccines in the past 3 decades. On the one hand, the history
(e.g. R&D of live attenuated and inactivated vaccines for HAV and plasma-derived
vaccine for HBV) represents the value and application of traditional technology in R&D
of vaccine. On the other hand, it also reflects the valuable and indispensible roles of
genetic-engineered vaccines in developing novel vaccines. Genetic-engineered HBV
vaccine is a good model of improving or replacing the traditional vaccines ( plasma-
derived vaccines ). HEV vaccine also developed by genetic-engineered technology
represents a novel one that could not be achieved by traditional technology. In addition,
R&D of HCV vaccines and HBV therapeutic vaccines reflect that perhaps only genetic-
engineered technology could lead to the success to develop novel vaccines for viral
infections , especially when targeting multi-genotypes of viruses, which are prone to

mutate, and can lead to persistent infections.
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Dr. Li Ruan
Professor of Biotech Center for Emergency Response of Viral

Diseases in Institute for Viral Disease Control and Prevention,

China CDC.

Dr. Li Ruan is a professor of Biotech Center for Viral Disease Emergency Response in Institute for
Viral Disease Control and Prevention, China CDC. He was the chairman of Biotech Center for
Viral Disease Emergency Response in Institute for Viral Disease Control and Prevention in 1992 —
2008 and the director of this Institute in 1997 — 2004. He used to work in Department of
Microbiology of Mt. Sinai School of Medicine in New York of US with Dr. Peter Palese as visiting
scientist during the period of 1984 to 1986 and worked with Dr. Max Essex for two months in
Harvard School of Public Health in Boston of US in year 2000.

Dr. Li Ruan has been working in the fields of Virology, Viral Disease Control and Prevention
and vaccine research and development since 1980. He developed three kinds of gene expression
system including mammalian cell system, virus system ( such as vaccinia virus Tian Tan strain and
adenovirus ) and aspergillus fungi system. He made very important contribution in the
development of recombinant hepatitis B vaccine in China. He was in charge of development of
polyvalent vaccine against HAV, HBV, RSV, measles and encephalitis, and therapeutic vaccine
against HBV. He also takes part in research of therapeutic vaccine against EBV and HPV. Five
vaccinia virus recombinants developed by him were approved by Chinese SFDA and had completed
phase I trials in 1990s. He was the principal investigator for research of HPV vaccine granted by
EU during 1996 - 2000 and for development of China HIV/AIDS vaccine in CIPRA program
granted by NIH of US during 2002 —2007. In last 20 years, he has been involved in publication
of more than 10 books, and has published nearly 200 articles. Furthermore, he has applied for

eleven patents. He received five prizes of National Science and Technology Progress Award.
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The Urgent Need to Control Hepatitis C with
Vaccines, New Therapeutics and Public Education

Michael Houghton

Li Ka Shing Institute of Virology, University of Alberta, Canada

The WHO estimates that there are up to 170 million people carrying the hepatitis C virus
(HCV) globally, with several million new infections occurring each year. Since up to
20% of infected individuals will develop cirrhosis typically over the course of decades
and with about 5% eventually developing hepatocellular carcinoma, there is a very
urgent need to implement controlling measures, especially in countries like China where
there is a relatively high prevalence of infection'''. Firstly, these measures should
comprise informing the general public of the risk of acquiring hepatitis C through
exposure to contaminated blood which can be via re-use of needles and syringes,
unhygienic tattooing or ear- or body-piercing and any traditional medical or other
practices involving blood transfer. Secondly, the new HCV protease inhibitors were
approved for human use in North America in 2011 and together with interferon-alpha and
ribavirin can now cure about 70% of HCV carriers'®’. Making these new drugs available
is obviously of great urgency. Many new drugs inhibiting the HCV polymerase, the HCV
nonstructural protein 5a and other viral targets are in advanced clinical development and
when combined with each other and/or with existing drugs, offer the real possibility of
curing all treated patients™®. As in HIV therapy, combination therapy is needed in order
to avoid the ready emergence of drug-resistant virus'®?'. It is important that all countries
prepare economically and logistically for the advent of these effective but expensive
drug combinations. Effective therapy will also require sophisticated clinical management
of patients, including monitoring for drug resistance. In Canada and elsewhere,
outreach to obscure geographical locations has been successfully achieved through

clinical forums run on the internet, thus enabling the efficient sharing of crucial
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information and expert clinical advice. Another new area of great promise is the use of
oncolytic viruses to treat liver cancer. This disease has had very limited therapeutic
options to date but the use of attenuated viruses to target and kill cancer cells
specifically is emerging as a key medical area. A recently-reported phase 2 clinical trial
in the USA has reported a doubling in the progression-free survival time of patients
with hepatocellular carcinoma by the repeated administration of an easily-grown,
attenuated vaccinia virus, previously used in the small-pox vaccine'®’. Many other
types of promising oncolytic virus are also in clinical development for liver and other
cancers.

Despite historical pessimism about the prospects for an HCV vaccine, there is now
genuine optimism for developing successful HCV vaccines. We now know that there is
natural immunity acquired against HCV infection, that this immunity correlates with
protective CD4 " & CD8 " T cell responses against the virus and is also associated with
the early production of cross-neutralising antibodies against the virus, and that it is
possible to significantly reduce the incidence of the chronically-infected carrier state in
animals that were vaccinated prior to experimental challenge'*'. A phase 2 prophylactic
clinical trial is ongoing in the USA using defective adenoviruses expressing the
nonstructural genes 3, 4 & 5 from a 1b subtype predominant in China'®'. This vaccine is
likely to provide valuable, partial protection but it is possible that its efficacy could be
further enhanced by also eliciting cross-neutralising antibodies to the many clades of
HCV. My laboratory has shown recently that the latter is feasible in vaccinated humans.
Finally, new data reported at the 2012 EASL meeting by Transgene and collaborators
indicate that a vaccine against HCV has therapeutic value when combined with the
antivirals, pegylated interferon-alpha plus ribavirin. At week 12 after the initiation of
therapy, twice as many patients were free of virus compared with those patients
receiving the antivirals alone without the vaccine'®’. This vaccine is relatively simple to
produce using the defective MVA version of vaccinia virus to express HCV nonstructural
proteins 3,4 & 5.

In conclusion, there has been great progress made toward controlling HCV infection
which can be achieved through 1) Greater public education about risk factors for
infection, 2) The implementation of the new HCV drugs inhibiting the viral protease,
polymerase, NS5a and other viral targets as well as a therapeutic HCV vaccine &

3) Implementing a prophylactic vaccine program that stimulates both cell-mediated
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immunity to the virus as well as cross-neutralising antibodies to the multiple strains of
HCV.
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laboratory was also the first to characterize the molecular propertiy of viral hepatitis D genome and
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This article is designed to discuss how we, as hepatologists, will navigate through the
clinical and epidemiological aspects of liver disease over the next two decades. Trying
to forecast the future, even twenty years in advance, can be a daunting task. Laozi, a
6" century BC Chinese poet said “Those who have knowledge don’ t predict. Those who
predict don’ t have knowledge. ” The one thing about predictions is that they are either
right or they are wrong. According to some scientists, the future will be exactly like the

past, only far more expensive.

Three areas have been selected that might be fruitful for discussion

First, it is clear that hepatologists and gastroenterologists are not going to be able to
manage all cases of liver disease, but may be able to co-manage patients with
surrogate nonspecialists such as those practicing Family Medicine or Internal Medicine
or physician extenders such as physician assistants or nurse practitioners. This would
have high societal impact on health and economics and would avert serious outcomes of
untreated disease. Its goal would be to link primary care with knowledge networks
through the use of technology such as video- and teleconferencing, smart phones and
the web to educate and assist primary care physicians (“ intensivists”) in the
recognition and management of uncomplicated cases of liver disease for the purpose of
improving outcomes. This can be accomplished by reducing variations in the care of
patients by sharing best practices based on consensus guidelines. The mission would
be to expand care for liver disease patients in underserved areas, and to continuously

monitor outcomes through ongoing interactions between intensivists and hepatologists. It
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is expected that the benefits to the health care system utilizing this approach will be
considerable. Networking would reduce variation in care, while knowledge would be
transferred and reinforced. Real-time consultations, available 24/7, that are facilitated
by weekly telemedicine clinics attended by hepatologists, radiologists, and oncologists
to discuss cases and to educate and mentor community physicians would provide the
infrastructure for the program. Professional satisfaction would be improved bilaterally
through learning loops, and care would be cost-driven by avoiding excessive testing
and travel. Effectiveness of the program would be assessed through the installation of a
HIPAA compliant web-based database. Referral to the specialist would only be

necessary when the complexities of care demand such a transfer of services.

Areas for Discussion:
Toolkits to Enhance Learning

® Toolkits or toolboxes are designed to provide
step-by-step guidance and other resources to
support consistent, timely and appropriate
investigations of public health objectives by
physicians, scientists and public health
professionals in better understanding and
managing liver disease.

® Differ from textbooks by their detailed roadmaps
and extensive explanations

Areas for Discussion:
Toolkits to Enhance Learning

® Toolkits increase statistical power for data
harmonization resultingin the ability to
detect moderate associations.

® PhenX Toolkit for relating phenotypesto
specific genetic variations

» Provides a core set of well-established,
high quality measures for use in large-
scale genome-wide association studies
(GWAS)

In the USA, such a program already is achieving a modicum of success. The
project is called ECHO ( Extension for Community Healthcare Outcomes) and is the
creation of Dr. Sanjeev Arora, M. D. at the University of New Mexico Health Sciences

[1.2]

Center in Albuquerque, New Mexico It is a model to bring high quality care to very
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sick patients wherever they live. The ECHO model has expanded health care to
thousands of patients, many from isolated and poor communities. The primary care
intensivists receive instructions in how to care for complex liver disease patients. As a
result, many patients are living longer, healthier lives with less pain and disability. A
pilot project has recently been launched for treating community-based chronic hepatitis
C™*. Initial assessment of the program has shown comparable quality of care and SVR
rates that did not differ significantly between patients managed by the university and
those managed by primary care physicians. The more complex cases are referred to the
specialists. This innovative model has the potential to reduce program expenditures
while preserving or enhancing the quality of care. An important issue is how to convince
the health care industry of the value of this type of program, both medically and
financially, and this has become the focus of the debate. Will the patient receive the
same quality of care as they might from a specialist? Probably not, but the resilience of
patients and the identification and treatment of liver disease at an early stage before

irreversibility or complications ensue clearly favors this unigue format.

Another current and future challenge for hepatologists is creating a proper learning
environment for studying the clinical and epidemiological aspects of liver disease. This
can be accomplished by designing and implementing toolkits for disease management
and epidemiologic investigations so that data is not compromised. How often have we
seen a meta-analysis performed on a topic only to witness many of the studies being
censored because data from the various studies could not be assembled in meaningful
manner? One example of how a toolkit works to facilitate research being conducted by a
number of independent investigators is the PhenX Toolkit for comparing phenotypes and
exposures across studies. This toolkit is designed to provide “a core set of well-
established, low burden, high quality measures for use in large-scale genomic
studies. ”'*®) This project was an outgrowth of the rapid progress being made in
genomic technology that has led to numerous genome-wide association studies
( GWAS ) that are designed to relate phenotypes to specific genetic variations.
Thousands of genetic polymorphisms can now be analyzed increasing our
understanding of disease etiology and pathogenetic mechanisms leading to the
development of novel prophylactic or therapeutic agents. To facilitate rapid and valid

measurements across studies, RTI International in Research Triangle Park, North
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Carolina, and the National Human Genome Research Institute are collaborating with
working groups of domain experts that includes input from the scientific community using
a consensus process. RTI is an independent, nonprofit institute whose “mission is to
improve the human condition by turning knowledge into practice. ” Broad acceptance of
these measures is expected to increase statistical power for data harmonization resulting
in the ability to detect moderate associations. The toolkit also includes the incorporation
of other potential contributing factors such as environmental exposures ( ambient
environment, personal behaviors, treatments). By capturing these data in well-defined
formats, generating reports, and sharing the contents with colleagues, subsequent
meta-analyses can lead to the discovery of new gene associations. These measures are
available to the scientific community via the Web-based toolkit. Gastrointestinal and
Infectious Diseases and Immunity are two of the 20 research domains being delineated
by the project, either one of which could be the source of an additional toolkit for
hepatology.

Areas for Discussion:
Lecture Halls Without Lectures*

® Overhaul outdated methods of classroom teaching

» Develop online video presentations with quizzes
to engage learners outside the classroom, then
use the classroom to stimulate their curiosity
through case-based, problem-based and team-
based exercises that activate prior knowledge

® (linically, there is a need to exploit and embrace
the wireless digital technologies that are reshaping
the future of our profession

Prober CG etal, 2012

One organization that has a free, online collection of local public health tools
produced by members of the public health community is the National Association of
County and City Health Officials (NACCHO)'"'. They have developed a number of
toolboxes to inform and improve the work of public health professionals in the promotion
and advancement of public health objectives. Among these toolboxes is one on “Adult
Hepatitis B Virus ( HBV ) Vaccination: An Implementation Guide for Local Public
Health. 7" The North East, North West, Yorkshire and Humber Regional Epidemiology
Units have produced a Field Epidemiology Toolkit"’ designed to provide step-by-step
guidance and other resources to support consistent, timely and appropriate

investigations of infectious disease outbreaks and other incidents which may require a
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field epidemiology approach. The World Health Organization (WHO ) has an excellent
toolkit on unsafe injection entitled “WHO best practices for injections and related
procedures toolkit. 7' As for many of these toolkits, the guidance is generic making it
applicable to a variety of situations. There is also an Evidence-Based Medicine
Toolkit'""" and a toolkit on hepatitis A, B or C investigation guidelines'”’. A
subcommittee of the Transfusion-Transmitted Diseases Committee for the AABB in the
United States is developing a toolkit for emerging infectious disease agents that are a
potential threat to transfusion safety utilizing previously published data by this group'™’.
The Wisconsin Department of Health and Family Services have produced a Wisconsin
Hepatitis Strategic Plan'™' to prevent, detect and control viral hepatitis. What set these
toolkits apart from textbooks are their detailed and well-defined roadmaps. It is
predicted that more of these toolkits will be introduced in clinical medicine over the next
few years that can provide comprehensive, step-by-step approaches designed to assist
physicians, physician extenders, and public health professionals in better

understanding and managing liver disease.

In addition to these toolkits, it is anticipated that hepatologists, statisticians, and
epidemiologists will unite to produce more in-depth courses on epidemiology such as the
excellent program developed by the APASL, AASLD and EASL at the 2012 annual
APASL meeting in Taiwan. Programs such as this need to be videotaped and promoted
by making the sessions available online to hepatologists throughout the world. In
addition, a central web site needs to be established and paid for by the government
and/or the various hepatology organizations where experts can be contacted through
Skype, by e-mail or by teleconferencing to provide guidance and practical experience to
their membership in an ongoing program. To make it successful, responses must be
real-time and available 24/7 similar to a Chat room with proper legal protection put into
place.

The future of our discipline is changing rapidly. Outdated methods of teaching must
give way to new technology in the way that we educate our students, residents and
fellows. We need to consider developing 10 - 15 min online video presentations with
embedded quizzes that engage the learners outside the classroom at their own pace by
testing their comprehension of the lesson, and then use the classroom to stimulate their

curiosity through case-based, problem-based and team-based exercises that will
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[15]

activate their prior knowledge ”'. Studies have shown that such a format is conducive to

learning and that students are hungry for such interaction. Clinically, we must exploit
and embrace the wireless digital innovative technologies that are going to reshape the

future of our profession'™®

. There is a “cloud” over our heads and it has nothing to do
with rainfall. Cloud computing will allow users to increase capacity or add capabilities on
the fly without investing in new infrastructure, training new personnel, or licensing new
software. It is the supercomputer we have always dreamed of owning. This can be

entity-based with data shared only to the members.

Areas for Discussion:
Digital Tools, Mobile Sensors and Advanced Processors

® Smart phones and iPads (tablet computers) will
be used to check vital signs, EKGs and glucose
levels on patients

® Cloud computing will allow physicians to receive
and analyze information digitally

® Finally, pharmacogenetics will become a
dominant playerin the clinical arena and will
alter the approach to treatment

In the next phase of medicine, physicians will utilize powerful digital tools, including
mobile sensors and advanced processors, which will transform our understanding of an
individual. Smart phones will be used to check vital signs, monitor heart rhythm and
determine blood glucose levels. Physicians remote from the medical centers will be able
to have information transmitted digitally. Already there is a handheld, pocket-sized
visualization tool powered by ultrasound technology that enables you to visually inspect
the inside of a patient’ s body during a physical exam including obtaining an
echocardiogram. These data could be sent wirelessly to experts for assistance in
interpretation. Embedded sensors could be programmed to sense for cancer cells in the
blood or to detect circulating endothelial cells that are the harbinger of clot formation and
heart attacks or the incipient development of thromboses. With the introduction of these
information systems that utilize wireless sensors, there will be a shift to the doctor-patient
relationship with the physician establishing a partnership with the patient in order to
guide him. Pharmacogenetics will become a dominant player in the clinical arena.

Clinicians already test patients for potential drug toxicity that may occur following the
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administration of azathioprine by looking for mutant thiopurine methyltransferase ( TPMT)
alleles that may result in impaired metabolism leading to the development of severe bone
marrow toxicity. Similarly, the benefit of testing for the IL28B polymorphism assists
hepatologists in determining probabilities for success in the treatment of hepatitis C
infection. In the United States, the top three prescription drugs are all TNF-« inhibitors,
and these represent a 27 billion dollar industry. However, only 40% of individuals who
are treated with these agents respond. Health insurance companies are very interested
in determining who will respond and are sequencing responders for this information ( see
previous comments about the PhenX project). Thus, as pharmaceutical agents become
more expensive, we can expect that the healthcare industry will be very interested in the
outcome of such research. In the interim, there have been some innovative ideas. Sam
Waksal, the former chief executive of ImClone who spent five years in a federal prison
for insider trading and is now CEO of Kadmon Pharmaceuticals, has put together a
provocative plan called the “pay-for-response model. ”'"’ In this proposal, patients
would only pay if they responded to a drug. For hepatitis C, this might mean achieving
a sustained virological response or SVR. Those not exhibiting an SVR would not pay for
the medication. He believes that this would not only save money, but would encourage
pharmaceutical companies to determine the reasons for failure and how to resolve this.
This might also achieve a paradigm shift where multiple drugs, perhaps from different
companies, might be combined for greater success. This may be the future of
biotechnology although it won’t happen overnight. Ultimately, however, personalized

medicine and targeted therapy will change how clinicians care for their patients.

Summary: Future Global Trends in the Clinical
and Epidemiological Aspects of Liver Disease

® Leveraging scarce healthcare resources
through outreach to underserved areas

® Enhance learning through the use of
toolkits and an overhaul of outdated
teaching methods

® Embrace innovative wireless technology to
reinforce good clinical practices

In this short discourse, an attempt has been made to look into the future and to
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provide limited insight into how discoveries in genetics and biology will revolutionize

medicine as it is currently practiced and how these innovations can be utilized by

hepatologists in the clinical and epidemiology arenas. We need to embrace novel

technology and find new ways to analyze data more efficiently while continuing to

improve the care of our patients.
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