Hepatit B Tedavisinde
Yeni Ne Var?

Tansu YAMAZHAN
E.U.T.F Enfeksiyon Hastaliklari ve Klinik Mikrobiyoloji
IZMIR



Tedavi stratejileri

 ETV, TDF, TAF 6n planda, PEG-IFN tedavi secenekleri arasinda

 LAM, ADV, LTD kalkmis durumda

* NA+PeglFN tartisiimis ama yeni veriler gerekmekte



Kronik hepatit B tedavisinde yeni

ilaclar

= Target Mode of action Compound Clinical trial
DAA
NTCP Phase lla
HBY Polyme Phase Il
1 Phase Il
cccDNA - - Pre-dinical
B < Vemlidy ¥ S
N " 25mg o
Besifovir Dipivoxil 150mg tenofovir alafenamide & Pre-clinical
Phase la
HBV RNA Knock down HBV RNA, viral ARC-520 Phase lla
proteins and HBY DNA
HBsAg Blocks HBsAg secretion REP & AC Phase Il
HTA
Innate immunity Induce APOBEC3A and APOBEC3B Lymphotoxin-[} receptor agonist Pre-dinical
Exogenous interferon stimulation Toll-like receptor (TLR) agonist (GS-9620) Phase ||
Adaptive immunity  Therapeutic vaccine GS-4774 Phase ||
DV60! Phase Ib
TG1050 Phase |
Immune checkpoint inhibitor Programmed death-1 (PD-1) inhibitor Pre-clinical

to activate CD8" T cells

APOBEC, apolipoprotein B mRNA editing enzyme, catalytic polypeptide 3A and 3B; cccDNA, covalently closed circular DNA;
CRISPR/Cas, clustered regulatory interspaced short palindromic repeats (CRISPR) and CRISPR associated (Cas) systems; DAA,
direct acting anti-virals; HBY, hepatitis B virus; HTA, host targeting agents; NTCP, sodium taurocholate co-transporting polypep-
tide; TALENS, transcription activator-like effector nucleases; ZFNs, zinc-finger nucleases.




Tenofovir alafenamide (TAF) — Tenofovir’in yeni on ilaci
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Agarwal K et al. J Hepatology 2015; 62: 533-540;

tT,,, based on in vitro plasma data - TDF = 0.4 minutes, TAF = 30-90 minutes.

Lee W et. Antimicr Agents Chemo 2005;49(5):1898-1906. Birkus G et al. Antimicr Agents Chemo 2007;51(2):543-550. Babusis D, et al. Mol Pharm 2013;10(2):459-66.
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Guvenlik uyarilari daha ¢ok vurgulanmakta

. . . Table 5. Indications for selecting ETV or TAF over TDE.
o Al patients treated wn!\ NA $MUId be followed with 1. Age > 60 years
periodical assessments including ALT and serum HBV 2 Bone disease
DNA (Evidence level 1, grade of recommendation 1), Chronic steroid use or use of other medications that worsen bone
: : : : density
b Fﬁttent:j at risk of réegaldllrse.asetlre;?tsd with ;nylH: ;gﬁ History of fragility fracture
all patients regardless of renal risk treated with T Osteoparosis
should undergo periodical renal monitoring including 2. Renal alteration””
at least estimated glomerular filtration rate (eGFR) and eGFR <60 ml/min/1.73 m?
serum phosphate levels (Evidence level 11-2, grade of Albuminuria >30mg/24 h or moderate dipstick proteinuria
recommendation 1), Low phosphate (<2.5 mg/dl)
o Patients on TDF at risk of development andfor with - He ysis
underlying renal or bone disease should be considered nu;‘:ﬂﬁfﬂinw ® EIV I patients with previous exposwe (0
for a switch to ETV or TAF, depending on previous ~ ETV dose needs to be adjusted if eGFR <50 mijmin: no dose adjustment of
LAM exposure (Evidence level 1I-2/I, grade of recom- TAF is required in adults or adolescents (aged at least 12 years and of at least 35
mendation 1), kg body weight) with estimated creatinine clearance (CrCl) =15 milfmin or in
patients with Crd <15 ml/min who are receiving haemodialysis.




TAF (Tenofovir alafenamide) (Vemlidy)

HBe serokonversiyon ve HBsAg kaybi yine dusuk

Study Regimen HBV DNA Normalization ALT (% pts) ~ HBeAg loss”  HBeAg HBsAg
(mg once daily) <29 [U/mL [n0. of pts] (% pts) seroconversion”  loss® (% pts)
(% pts)* [FAS] [no. of pts] (% pts) [no. of pts]

By central By

laboratory”  AASLD® oo
In HBeAg-positive pts
Chan et al. [20] TAF25+PL 64 NI[581] 72 [537] 45* [572] 14 [563] 10 [565] 1 [576]
TDF 300+ PL 67 [292] 67 [268] 36 [290] 12 [285] 8 [285] <1 [288]
In HBeAg-negative pts
Butietal [19] TAF25+PL 94 NI [285] 83 [236]  50** [276] NA NA 0 [281]
TDF 300 + PL 93 [140] 521 3238 NA NA 0 [138]

NA not applicable, NI noninferior vs. TDF, PL placebo, prs patients, TAF tenofovir alafenamide, TDF tenofovir disoproxil fumarate

Tenofovire gore farmakokinetik 6zellikleri daha iyi
Sistemik etkileri daha az
Kemikler ve renal yonden giivenli

Drugs (2017) 77:1017-1028



Tum antiviraller ve kombinasyon tedavileri ile HBs
Ag kaybi ¢cok dusuk oranlarda goruluyor

Monotherapies Combination therapies

Treatment PEG-IFN TDF+PEG-  ETV4PEG-IFN  ADV+PEG-
response 31C ADV  ETV  LdT TDF a IFN a IFN « ETV+TDF
HBeAg-positive patients

At week 48 or 52

HBsAgloss, % <1 0 2 0 3 3 6 1 3 1
Cumulative percentage during extended treatment

HBsAgloss,%  0-3(2-3) 2(5 5(2) 13(2 10(5 11(35)  9(1.9) 1(2.5) 3(0.5) 5(2)

(in years)
HBeAg-negative patients

At week 48 or 52

HBsAgloss, % <1 0 <1 <1 0 4 5 0
Cumulative percentage during extended treatment

HBsAgloss, %  <1(4) 5(5) NA <1(2 03(5 8(3) 5(1.5) 0(2)

(in years)

3TC, lamivudine; ADV, adefovir; CHB, chronic hepatitis B; ETV, entecavir; LdT, telbivudine; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface anti-
gen; PEG-IFN, pegylated interferon; TDF, tenofovir disoproxil fumarate.

Liver International 2017; 37 (Suppl. 1): 59-66



Mevcut tedaviler ccc DNA’y1I ne kadar
etkiliyor?

* Wong ve ark;
« 117 hastada NA oncesi ve NA'dan bir yil sonra KC biyopsisi
yaplyor.
« Karaciger ici HBV DNA'da 4-7 log dusme goruyor.
» Fakat
« gHBsAg ve cccDNA'da minimal dusus goruyor

* 117 hastanin ancak 5’inde 1 yil NA sonrasi cccDNA
saptanamiyor

British Medical Bulletin, 2015, 116:79-91



Neden yeni tedavilere ihtiya¢ var?

 Klasik tedavilerle ktir sansi cok dustk, ancak virtisu baskilayabiliyoruz
e Cogunlukla yasam boyu tedavi gerekiyor

e Tedaviyi kesmede ciddi sorunlar var, ciddi alevlenmeler olabiliyor

* Baziilaglarda direng¢ sorunu var

* Tedavi altinda bile HCC icin reziduel risk devam ediyor



Kronik hepatit B tedavisiyle karsilanan ve
karsilanmayan gereksinimler

Karsilanan gereksinimler Karsilanmayan gereksinimler

1. No direct effect of NA
on cccDNA

2. High relapse after NA
discontinuation

Long-term
suppression of HBV
DNA

Fibrosis regression and hghe:gtri]éCB :> :‘OW /rate o HBSAQ
cirrhosis reversal P e

Reduced risk of HCC /

and complication of
cirrhosis

therapy (functional cure)

Long term therapy

1. Risk of HCC remains
2. Resistance issue

3. Safety concern




Viral baskilamadan kure dogru

Normal Cirrhosis Hepatocellular
carcinoma

UNTREATED
Normal Cirrhosis Hepatocellular
carcinoma
NUCs
Risk of HCC reduced
(after 5 yrs)
but not eliminated
Normal Cirrhosis Hepatocellular

“Cure”

Direct Antiviral Agents

Immunomodulatory
strategies




Fonksiyonel kur ve komplet (virolojik kur)
kavrami nedir?

Cure Defintion Blood Liver

AT Hepattis B virus DNA Hepatits B suface antigen ~ Anti-HBs  Covalenty closed circuler DNA
Functional cure Nomal  Undetectable (quantitative PCRI Undetectable Detected Present
Virologeal (completel cure ~ Nomnal  Undetectable (qualtative PCR) Undetectable Detected Undetectable

Aboreviation: ALT, alanine aminotransferase; AntHBs, anfibady to Hepatitis B surface antigen; PCR, polymerase chain reaction.

“As detected in the liver, These assavs are not currentlv commercially available or standardized.

N

Clinical Infectious Diseases® 2017



HBV’de kurun tanimi: Ne elde etmek istiyoruz?
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Kurun erken tahmini icin yeni gostergelere
ihtiyac var
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HBYV icin kur- Yeni tedavi konseptleri—- DAA ve
immunmodulator kombinasyonlari?
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HBV yasam dongusu ve antiviral
hedefler

N

secretion inhibitors

P
® = 8b. Morph i
‘ Inhibitors of rcDNA HBe E _:7_.!4:——.'__2)0 s MVB R an: rspe;g:gsSlS
\ to cccDNA conversion V(y///r—'{‘}a\—“/ © ‘{n“u,‘ A
oS Yo L& \) Cyclophilin
-~ . .y =
\ S, Targeting HBx pie = e " . DNA+ inhibitors

e i - RNA interference P »
s H Targeting cccDNA
: --mg'adatxrl * S

"u.u‘ 5 & 5
H'Blc:i_) [5. Translation I
[ T AaOUIR, o RN RSt T b AR A ] D o AR b g N B AT ISR AR
E Trafﬁckmg 5 & 11 I et
R &
3. cccDNA 3F—?~ S % 6. Nucleocapsid - DNA’
formation i_._ % — formation e Polymerase
"'“\w ipti ~~. | PGRNA packaglng inhibitors
DNA N
e L RNAs ) N ]

‘ / \ i ' _- Pol [7 DNAsynthesis |

;T 1o 1
K ' Fi : ‘Fq Core !

\ DNA J i e e e Sy A A e A »
f : ¥y |

H Genomic DNA X i <
=0y 9. Regulation of host i Nudeocapsid assembly
\1\\ dsIDNA" % genes by viral proteins modulators
R Siegreton = 8a. Trafficking | ‘
.)(_ T e, | S ey )\'_ . ] \ )

. 2
— Hepatocyte

Journal of Hepatology 2017 vol. 67 j 847-861




Karacigerin immun sistemi ve immunmodulator
hedefler

Blockade of immunosuppresive pathways

Checkpoint inibitors

17
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vaccination
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Engineering of T cells
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Stimulation of innate immunity
TLR agonists

Small molecules
clAP inhibitors

Journal of Hepatology 2017 vol. 67 j 847-861



TERAPOTIK ASI ADAYLARI



Entry inhibitors

* Lipopeptides, 6.9.
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Available aonline at www.sciencedirect.com

ScienceDirect

Therapeutic vaccination for chronic hepatitis B
Anna D Kosinska'?, Tanja Bauer'* and
Ulrike Protzer'

Current Opinion in Virology 2017, 23:75-81

This review comes from a themed issue on Preventive and
therapeutic vaccines

Edited by Rino Rappuoli and Gerd Sutter

For a complete overview see the Issue and the Editorial
Available online 25th April 2017
http://dx.doi.org/10.1016/j.coviro.2017.03.011
1879-6257/© 2017 Elsevier B.V. All rights reserved.

@ CrossMark



Preclinical development of therapeutic

hepatitis B vaccines l
T'o overcome immune tolerance in chronic hepatitis B
Therapeu different approaches have been investigated using pre-
Anna D Ko ¢linical models. Hereby, a tocus was on inducing etfector s
Ulrike Prot: 1 cell responses using DNA or peptide vaccines, vector-

or cell-based vaccines. Multi-epitope therapeutic vaccine
candidates that cover sufficient different HBV genotypes

and most frequent HLLA types have been developed.

DNA veya POLIPEPTID ASILAR, VEKTOR

BAZLI ASILAR ILE T HUCRE YANITLARINI
ARTIRMAK
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Table 1

Therapeutic hepatitis B candidate vaccines currently in clinical trials

Vacoine namsa Vaccina Results available™ Sponsor Chnical stags Raference
type/compasition
HE 110 DNA vaccing Comgpileted,; results nol Ganexirng Phase | NCTO1813487
reported NCTO1841536
NCTODS13968
HepTesl™™ FP-02.2 vaccine; 1C317" Recristing Altimmune, Phase | NCTO2486897
adjuvant Inc.
pDPSCi18 DNA vaccine Completed,; results not PowderiVed Phase | NCTAD277576
administered by particle reported
madiated epidarmal
cefivery
INO-1800 Multi antigen (S, core) Recruting Inovio pharmaceuticals
DRNA vaccina:
Phasa | NCT02431312
TE1050 Nan-replicative Recrwsting Transgens= Phase | NCTOZ2428400
adenoviral vector
encoding HBV core,
polymerase, surface
fusion protain
Theravax (DV-801) Protein (s. core) Well lolerated: antiviral Dyrvax Phase Ib NCTO1023230
vaccing, Iscomatrix response obsaerved in all Technologies
patients Compaoration
pPSG2 . HBs/MVA HB=s Protein primesviral Well tolsrated but did O xxon Phase lla ISRCTNE7Z70S84
vector boost; HBs not control HBY Therapeutics
infection
HBOZ VAC-ADN pCMV-S2.5 DNA (pre- Well talerated: no ANRS Phase Il NCTODG3I6627
S/5) vaccine change inrelapse rate in
HBV-treated patients or
decrease of virciogical
bBreakthrough
CVI-HBV-002 DNA (S) vaccine Becruiting CHA Vaccins Phas=e Il NCTOZ623652
Institute Cao..
Ltd.
HPDCs-T immune HBsAg activated Recrusting Sun Yat-Sen Phase 1111 NCTO1835635
therapy dendritic cells University
GS4774 Fusion protein (S, core. Phase 2 of naive group Gilead Phase Il NCTO1843799
X} vaccine; Tarmogen T ongeing; no significant NCTO1 779505
<ell immunity stmuiator viral decrease in NCTO2 1 74276
reatment-experienced
patients
ePA-44 Multi-peptide vaccine Becruwtment status Chongqing Phasze |l NCTO1326546
unkrown Jiachen
Biotechnoiogy
Ltd.
ABX 203 Protein (S, core) vaccine Qnooing ABIVAX S.A. Multicenter NCT02249988
Phase 141

Irials




4 N

Terapotik hepatit B asilari, henuiz faz calismalarinin
baslangicinda klinik basarilari henuz disiik olsa da yakin

gelecekte ilgi odagi olmaya devam edecek gibi goriiniiyor

/

kombinasyonlar ile kiir saglanabilir.

Conclusion/outlook

T'herapeutic hepatitis B vaccination currently receives a
lot of attention although clinical success 1s stll lacking.
More ethicient vaccination schemes, the combination
with checkpoint inhibitors and emerging approaches to
lower circulating antigen levels that contribute to
immune tolerance in chronic HBV infection will yield
very interesting results to finally improve clinical efficacy.



IMMUN MODULASYON



Entry inhibitors
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Recent advances in basic science

4 N

HBV-spesifik CD8 T hiicresi yanitini artirmak,
IL-2 artirmak ve CD4 T hiicresi artirmak
karacigerde Treg ve interlokin 10 sekrete eden T
hiicresini arttirmak

/

of non-HBV-specific T cells in the liver. Chronic HBV infection is
characterised by (i) a low frequency of HBV-specific CD8+ T cell
responses that have an exhausted phenotype characterised by
overexpression of PD-1, CTLA-4, CD244, Tim3, and so on; (ii)
an impaired production of interleukin (IL)-2 and impaired prolif-
eration of CD4+ T cells and (ii1) an increase in the number of
Treg in the liver and in the number of IL-10-secreting T cells.”®






GIRIS INHIBITORLERI
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- NTCP (Sodyum tauro kolat) inhibitorleri

@@'
oﬁm&f\;{imm e Siklosporin A
STl o Myrcludex B
UL * Diger: Ezetimibe, Konjuge safra
tuzlari

-m ww- MYRCLUDEX: Miristile edilmis
7 i e - Pre S1 peptid. NTCP’ye
baglanmada HBV ile yarigir




@’ MYR Pharma Home About Us Our Science Clinical Development News Contact
From DY conurol to ""ifi'\ Cure

Study Description Results

MYR 101 Safety study in healthy volunteers Excellent safety and tolerability
Phase 1a (36 patients)

Germany

MYR 102 Drug interaction study in healthy volunteers No interaction detected

Phase 1 (12 patients)

Germany

MYR 201 Study in Hepatitis B patients HBV DNA decline

Phase 1b/2a (40 patients) ALT normalization

Russia NCT02881008

MYR 201 Study in Hepatitis D patients HDV RNA decline or negativation
(HDV substudy) (16 patients plus comparison arm) ALT decrease

Phase 1b/2a

Russia NCT02637999

MYR 202 Study in Hepatitis D patients, on top of tenofovir (TDF) vs TDF HDV RNA decline or negativation in all dose groups
Phase 2 (120 patients) ALT decrease

Germany, Russia Liver stiffness improvement

MYR 203 Study in Hepatitis D patients. on top of peg-Interferon (INF) vs INF Study in progress

Phase 2

Russia (ongoing)



CCC-DNA’YI HEDEF ALAN MOLEKULLER



Entry inhibitors
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5. Translation
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The potential and challenges of CRISPR-Cas in eradication of hepatitis B
virus covalently closed circular DNA

Hung-Chih Yang™"*, Pei-Jer Chen"***
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Basic DNA editing using CRISPR/Cas systems

Cas?9

Target DNA /

Targeted mutation
Ptesaenes TITTITITIIT

Synthetic dsRNA

]I]I IE[ Target DNA nicked + semem— Donor DNA construct




Recent development of the CRISPR/Cas9 system has dramatically
changed the landscape of the genome-editing technologies. The sim-
plicity and flexibility of CRISPR/Cas systems have facilitated the pro-
gress of this novel technology and attracted wide interest. Specific
cleavage of HBV genomes by CRISPR/Cas9 is considered a promising
strategy to eliminate persistent HBV cccDNAs. Therefore, combined
with NAs and CRISPR/Cas9 appears to be a potential strategy to cure
chronic hepatitis B. However, a reliable and quantifiable in vitro culture
system that can generate authentic HBV cccDNAs is currently lacking
and required to explore the efficacy of CRISPR/Cas. Ideally, elimination
of HBV cccDNA by CRISPR/Cas should be convincingly demonstrated
in a clinically relevant in vivo models. Moreover, as discussed above, the
CRISPR/Cas9 system encounters several challenges for its clinical ap-
plication, namely off-target effects, in vivo delivery efficacy, and da-
mage of host chromosomes by cleaving HBV integrants. Finding solu-

* Persistan seyreden ccc-DNA yi elimine etmek

* Nukleozit analoglariyla kombinasyonu kiir saglamada etkili
olabilir

* In vivo modellere ihtiya¢ var

* Tabi ki konak kromozomlarina da zarar verebilir
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Viral RNAs
Viral RNAs
Viral RNAS
Viral RNAs

SiIRNA: ARC-520/ARC-521
SIRNA: ARB-1467

SiRNA: ALN-HBV

SIRNA: ISIS-HBVg,

Arrowhead

Arbutus Biopharma
Alnylam

SIS pharmaceuticals

Phase 2

Phase 2

Phase 1/2
Phase 1 or 2(?)

Yaklasik 20 molekulden 4 tanesi
Klinik calismaya aday olmus
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Capsid assembly modulators (CAMs)
Heteroaril dihidropirimidinler (HAPs) gibi niikleokapsit

™

inhibitorleri calisiimaktadir. Bunlardan ilk sinif olan HBV

CAM 73 HBeAg pozitif hastada c¢alisiimis

Core infibitors

/

y A

have been described by multple names, including capsic assembly modulators (CAMs),core protein allosteric modfiers [Assembly Biosciences),

and nucleocapsid inhibitorssuch as heteroaryldihydropyrimidines (HAPs). AL-3778 Alos/ ohnson & Johnson) s an orally administered, firs-in-class HBV CAM
whose efficacyin 73 HBeAg-positive CHB patients was reported at the 2017 meeting of the Asian Pacific Association for the Study of the Liver 24 The investigators

reported dose-relat

related reductions in the levels of serum HBY DNA and serum HBY RNA, with addtive reductions when combined with peglFN, but without

reduction in HBsAg levels. AL-3778 15 & small molecule and direct-acting antiviral agent acting through aberrant core protein processing, thereby resulting in capsid
nd subsequent innibition of HBV DNA replication, HAPs are nucleocapsid innibitors that bind to core particles to reduce both HBV DNA and HBcAg levels
egradation by the proteasome pathway. Morphothiading mesilate (GLS4, HEC) s another HAP nucleocapsid compound and triggers aberrant core particl

misassembly a
the [atter via

assembly in vit

1011 Hep AD38 cells; phase 1/2 trials have been intiated in China
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e DUsuk olgu sayisina sahip faz 2 calismasinda interferon ya da
tenofovirle kombine edildiklerinde 3-4 kat daha fazla DNA

dismesini saglyorlar
* Tek baslarina kullanimlari pek mumktn gérinmuyor

e Calismasi devam eden 2 molekil mevcut






Strategy Candidate Clinical
development phase
Entry inhibitors
1 Entry inhibitors Myrcludex-B Phase 2
Direct antiviral agents
2 cccDNA inhibitors
Elimination LT-BR agonist Preclinical
Zinc finger nucleases Preclinical
TALENSs Preclinical
CRISPR-Cas9 Preclinical
3 Silencing Epi-drugs Preclinical
4 Capsid inhibitors NVR 3-778 Phase 1/2
HAPs Phase 1
Phenylpropenamide Preclinical
5 HBV polymerase inhibitors Tenofovir alafenamide Phase 3
6 HBV RNA interference ARC-520 Phase 2
TKM-HBV Phase 1
ALN-HBV Preclinical
7 HBsAg release inhibitors REP-9AC’ Phase 2
REP-2139-Ca
Host targeting agents
8 TLR agonist GS-9620 (TLR7) Phase 2
Anti-PD-1 Nivolumab Preclinical
Pembrolizumab Preclinical
Therapeutic vaccine ABX302 Phase 2b/3
GS-4774 (tarmogen) Phase 2
INO-1800 Phase 1

TS1050

Phase 1



« GELECEKTE YAPILACAK KOMBINASYONLARLA KUR
ORANLARININ ARTACAGI ONGORULMEKTE

e ASI ILE ONLENEBILEN BiR HASTALIK OLDUGU iCIN
SANSLIYIZ












Interfering
with the viral
life cycle
including

spread Tutunma

- HepaRG hicre sisteminde HBV girisini
bloke ettigi,
- Siklosporin B>A

- Sentetik lipopeptid L-HBsAg preS1 domain
ligandi,

- Oksidize kolesterol turevleri,




Bu ilaclar giris yerinde HBV'yi bloke ederek yeni
hepatositlerin infekte olmasini dnlerler,

Ancak cccDNA iceren infekte hepatositler
Uzerinde etkinlikleri yoktur...




Interfering
with the viral
life cycle
including

spread Giris ve soyunma

- FDA onayli kolesterol ilaci,
- Hepatik kolesterol alimi ve lipid
transportuyla etkilesir

- HepaRG hicre modellerinde intrahepatik
cccDNA olusumunu inhibe ettigi ve viral protein
ekspresyonunu azalttgi




Interfering
with the viral
life cycle
including

spread Translasyon

- HBV mRNA’larini hedef alan

komplementer

- Bu yontemle HBsAg sentezinin
sonlandirilmasi immun toleransin asilmasina da
yardimci olabilir.




Interfering
with the viral
life cycle
including

spread Translasyon

- HBV mRNA’larini hedef alan iki sSiRNA ve
N asetil glukozaminle birlestirilmis litik peptid
molekull

- Kronik HBV infeksiyonu olan
sempanzelerde iki doz sonrasi HBsAg, HBeAg ve
DNA dizeylerinde %90-95 dusus

- Faz 2a calismalari surlyor
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Interfering
with the viral
life cycle
including

spread Enkapsidasyon

- Kapsid biraraya geliminin destabilizasyonu

- Bay-41-4109 analogu
- Intraseliler cor Ag ve DNA diizeylerinde

dusus

- NUkleokapsid formasyonu inhibisyonu




Interfering
with the viral
life cycle
including
spread

Replikasyon




Interfering
with the viral
life cycle
including
spread

Replikasyon

- HIV RNase H inhibitor
- Kimyasal turevleri calisiliyor




Interfering
with the viral
life cycle
including

spread Maturasyon ve salinim

- HBsAg-nukleokapsid biraraya geliminin
bozulmasi

- HBsAg glikozilasyonunun inhibisyonu

- HBsAg saliniminin inhibisyonu
- HBsAg duzeylerini dusirdiagu gosterilmis




Viral yasam dongusu hedefleri

cccDNA

elimination




cccDNA
elimination

cccDNA

- Interferon a aracili APOBEC3A ve

lenfotoksin B reseptdr aracili APOBEC3B adi
verilen hlcresel deaminazlarin aktivasyonu
cccDNA deaminasyonu ve degredasyonunu

saglamakta...

- Genomik DNA bu surecten etkilenmez.




cccDNA
elimination

cccDNA

- cccDNA histon asetilasyonunu saglayan
hiicresel histon asetiltransferaz ve deasetilazlarin
cccDNA transkripsiyonunda rolt gdésterilmistir...




cccDNA
elimination

cccDNA

- histon asetiltransferaz inhibitor

- histon deasetilaz stimulasyonu

- histon demetilaz inhibitoru

- HepG2 hiicre dizilerinde HBV
replikasyonunu baskiladigi ve pgRNA dlizeylerini
dusurdukleri gosterilmis...




)

cccDNA
’ elimination

cccDNA

- “Clustered regularly interspaced short
palindromic repeats” ve “CRISPR associated

protein” genleri

- Komplementer sekanslar yoluyla farkl
DNA sekanslarini taniyarak baglanan ve degrade

eden bir sistem

- Epizomal HBV DNA icin CRISPR dizileri
olusturulmaya calisiliyor...




Immunoteropatik yaklagim

Modulation of

immune
system




ImmUinoteropatik yaklagim

Dogal bagisik yanit
- TLR7 agonistleri
- STING agonistleri

Adaptif bagisik yanit

- Teropatik asilarla stimilasyon

- T hicre tikenmesine yol acan immun
inhibitor yolaklarin blokaji




Modulation of

immune

system

TLR agonistleri

TLRs

- Dogal bagisik yanit “PAMP” taniyan
reseptorlerle aktive olur,

- TLR-7, viral tek iplikcikli RNA

molekdullerini tanir,
- IFN ve sitokin yaniti tUzerinden NK ve CTL
hiicre yaniti



Modulation of
immune

S TLR agonistleri

- WHV modelinde etkinligi gdsterilmis,
- Iki faz 1b calismada HBsAg ve HBV DNA
dizeylerinde degisiklik yok...

- Yuksek doz ve uzun sureli kullanima dair
calismalar bekleniyor...




Modulation of

immune

system

STING agonistleri

STING
- “Stimulator of interferon genes”,

- Sitozolik DNA molekdllerini saptayan
intraseltler DNA sensoru



Modulation of
immune

system STING agonistleri

- Tip | IFN benzeri sitokin yaniti gelistiren
STING agonisti

- Hicre sistemlerinde HBV replikasyonunu
etkin bicimde baskiliyor,

- TLR 7 agonistlerinden daha potent
antiviral etkinlik...




Modulation of
immune

system Teropatik asilar

- GUnUmuzdeki HBV asilari Th2 immidn

vaniti ile antikor Gretimini saglar,

- Hem humoral hem de sitotoksik T hiicre
vanitlarini stimule etmek ve toleransi kirmak
hedeflenir.




Modulation of
immune

system Teropatik asilar

=

T helper ve CTL epitoplari iceren asilar,

HBsAg-HBcAg iceren asilar,

- X protein, L-HBsAg ve cor proteini igcerir




Modulation of
immune

system Teropatik asilar

PD-1 reseptoru
- CD8 T hucrelerince eksprese edilen
inhibitor bir reseptor

- CD8 T hucre yanitsizhgiyla iliskili

- HBV spesifik T hucre fonksiyonlarinda
dizelme ve WHYV replikasyonunun baskilanmasini
saglamis...




Contents lists available at ScienceDirect | —
ANTIVIRAL >
RESEARCH

Antiviral Research =%

-~

e S a

SOI ll | FI SEVIFER journal homepage: www.elsevier.com/locate/antiviral ,& i

A s

EXTENDED PDF FORMA
SPONSORED BY

Travel Grants Available
Neuroscience 2014
AN ton Daading {1l .
3 y ! ReD ryweorra
> motacrwe trret

wwWw.rndsystems.com

Specific and Nonhepatotoxic Degradation of Nuclear Hepatitis B
Virus cccDNA

Julie Lucifora et al.

Science 343, 1221 (2014);

AVAAAS DOI: 10.1126/science. 1243462

This copy is for your personal, non-commercial use only.







Hepatit C’de kur gorunce umutlandik AMA
UMUTLAR BASKA BAHARA

cure rate.

Possible 8-Week Cué for NEW

Patients with Hepatitis C
- 5\‘ ; .

mparmse| YO~ 0-507 95-937
REATME V.

SUCCESS SUCCESS
an 211 * hep c treatment

Wi g things have changed.
PR QUM Co 1w Ask your doctor about starting hep c treatment now.
]9Ms [ e T R—
WIERSSEON 7 A ([ P

L e mranny COM DV TREFTNE
caR VORE INFORVIATION W FACEBODK COR/URVIL TREAITI:

#Hreame

VRRPY DerSeuis o de wie Fowar it b atwcs

Hepatitis-c is curable!




KHB’de mevcut tedavi
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Hepatit b ilaclarinin yillar icindeki
gelisimi

1991 Interferon-a 2015

1998 Lamivudine

2002 Adefovir

2005 Peg-Interferon-a, Entecavir

|

2006 Telbivudine

|

2008 Tenofovir

|

Antiviral Research 121 (2015) 69-81



Hepatit B ilaclarin gelecekteki
aelisimi

PAST PRESENT FUTURE
1992 1998 2002 [2005 2006 2008 2012- beyond >
| | | | | | I
IFN-a LAM ADV PEG-IFNa LdT TDF Tenofovir Innovative
ETV alafenamide Antiviral and
(prodrug) immunotherapeutics
ARC-520
Myrcludex B
Ruhsatli ilaglar Birinapant

ABX-203

Digestive and Liver Disease 47 (2015) 836—-841






Hepatit B tedavisinde klinik calismalar

basl
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In vitro l optimized 'Animal efﬁcacyl Phase | I Phase 2 I Phase 3

I AGX1009 (prodrug-ten) I Agenix/SHRG/YSY
Gilead (NCT01671787)

Yeast Immune Complex Cap Med U, Beijing, insufficient efficacy

IGS-4774 (vaccine candidate)l

|_Gso620 (Tir7 agonist) | R

Elvucitabine (pol inhibitor)
ARC 520 (siRNA)

CYT107 (iL-7
I MIV 210 (prodrug) I

Besifovir (pol inhibitor

Isis HBV-Rx (siRNA
MycB (entry inhibitor)
NVR1221 (capsid inhibitor

DV601 (Therapeutic vaccine)
Rep2139 (HBsAg inhibitor

BAY-4109 (capsid inhibitor

SB 9200HBV (RIG1 activator

|

DAA: Blue
HTA: Green

Brinapant (SMAC

TRMHEBY (siRNA) Temira—Oncore

Antiviral Research 121 (2015) 69-81



Hepatit B tedawsmde hayvan calismalar
devam eden Y |

Pca-oao/nvmw (cyclophilin i

Phase | lPhaseZ lPhase3 I

Oncore/Tekmira

I CMX157 (prodrug-ten) Chimerix

| ALN HBV (siRNA) |

l JAdRNAI (ShRNA) |

| GLS-4 (capsid inhibitor) | Sunshine

I AGX 1009 (prodrug-ten) '
INO-1800 (Immune Modulator)

Altravax HBV (Therapeutic Vacc.)

I Capsid Inhibitor (2 Programs) l OnCore/Tekmira
I S Antigen Secretion Inhibitor I OnCore/Tekmira
| OVR-pregrna 1 Oncore/Tekmira*®
* In collaboration with the Blumberg Institute
| Editope 1 Oncore/Tekmira*

|_capsid inhibitor | m
I STING Agonist I OnCore/Tkm*

I cccDNA Formation Inhibitors I OnCore/Tkm

HDAC Inhibitors

Chimigen Therapeutic Vaccine

OnCore/Tkm*

St. Louis U

Tropolines (RNaseH Inhibitor)

PD-1 mAb

Antiviral Research 121 (2015) 69-81



HBV kuru icin stratejimiz ne olmalidir?

cccDNA elimination
Suppress virion production
Prevent new hepatocyte
infection

Host HBV-specific
immunity induction

Intrahepatic HBV
burden decreasing

Induce adaptive immunity
Induce innate immunity
Antigen reduction

DAA

HTA

Inhibitors of viral entry/gene
expression/protein release

Inhibitors of cccDNA

Potent DNA polymerase
inhibitors

Immune enhancers

Therapeutic vaccines

Immune checkpoint inhibitors

DAA: Direct acting antivirals
HTA: Host targeting agents

-

Prevent HBV entry
and intrahepatic

spread

Induce host specific
immunity




HBV kuru icin stratejimiz ne olmalidir?

cccDNA elimination

Induce adaptive immunity

Suppress virion production (Therapeutic vaccination)

(Inhibitors of gene
expression/protein
release/DNA polymerase)

Induce innate immunity
(Immune enhancers)

Antigen reduction

Prevent new hepatocyte
patocy (RNAI)

Infection (entry inhibitors)

Decreasing HBV burden Host immunity induction

HBV cure

Upcoming pharmacological developments
in chronic hepatitis B: can we glimpse a

cure on the horizon? Alonso et al. BMC Gastroenterology (2017) 17:168
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Potansiyel kombinasyon tedavi onerisi
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BASELINE HEBV DNA SUPPRESSION HBV PROTEIN IMMUNE ACTIVATION
(NRTI/CAPSID SUPPRESION (VACCINATION/TLR
INHIBITOR) {CCCDNAI, RNAI) AGONISTS)

Potential combination strategy to achieve cure of hepatitis B.

* First, a DAA is used to lower viral replication and improve innate immune function

* Asecond DAA acts to decrease antigen load correcting immune tolerance.

* Finally, immunostimulatory agents could be added to upregulate T-cell mediated clearance of infected hepatocytes.

Best Practice & Research Clinical Gastroenterology 31 (2017)



Potan3|yel komblnasyon tedavi onerisi

Interferon Interleukin-12 Treg inhibitors Antiviral drugs

\/

— Immunity against HBV ] Reversing T cell exhaustion] L Limiting HBV replication ]

| 1 ] - |

[ Hepatocytes destruction J [ Autoimmunity ] [ Toxicity, drug resistance ]
Optimum dose Monitoring autoantibodies levels New generation of NA

e Limiting HBV replication, ALT normalization, HBeAg seroconversion, HBsAg seroclearance -

7

Immunology Letters 190 (2017) 206212



HBYV kuru icin baska bir kombinasyon
oner~" ., s
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Fig. 1 a Patients with chronic hepatitis B are chaacierized by a high viral koad and antigenasmia, as well as 3 small number of dysfunctional HBV-
specific T-caells. b Failure of combining therapeutic vaccine ard nuckeos(tlide analogue treatment could be attributed to T cell exhaustion induced by
PD1 and PD-L1 engagement. € Combining anti-PD1, an immune chackpoint Inhibitor, with strategy b may be a solugion to cure chronic HBY infection

Elimination of Hepatitis B: Is It a Mission
Possible?

Tai-Crung Tseng* ind K-Homg <60 “'@ Tseng and Kao BMC Medicine (2017) 15:53



Direkt etkili ila¢c ve imunmodulator tedavi
kombhinasvon calismalari

Targets Compounds Phase Results Reference
[nnate immune system + HBV | [76]
protein replication

[nnate immune system + cccDNA [77)

Adaptive + NRTI |57
Adaptive + [nnate (78]
Adaptive + Innate + NRTI NCT02431312
Innate + NRTI 79

[nnate + Adaptive + NRTI NCT01027065
Adaptive + NRTI 180]
Adaptive + Innate + NRTI NCT02249988
Adaptive + Innate + NRTI NCT02360592

Adaptive + NRTI

ol

Best Practice & Research Clinical Gastroenterology 31 (2017)
347e355




Sonug olarak

* Mevcut tedaviler bize yeterli gelmiyor. Distk oranda fonksiyonel kiir olabiliyor.

* Hepatit C tedavisinde ulasilan noktalar, hepatit B icin de tam kir istegimizi artirdi.
* Hepatit B, HCV’ye gore kiir acisindan daha zor bir virus

* integre DNA ve ccc DNA’yI yok etmek gerekiyor.

e HBV hicre ici ve disi siklisii ve immun sistemi etkileyen bircok ila¢ calismalari var.
* Builaclarin bir kismi klinik kullanima ulasamayacak

* Ancak klinik uygulamaya giren tek ilacla kir zor gérinuyor.

* Olasilikla her basamagi etkileyen ilag kombinasyonu ile ancak sterilize kir elde edilebilecek.



HBV kuru icin hedefe ulasmak:
1-2 dekatta mumkun olabillir
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