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HCV

* Dinya nifusunun %3 kronik HCV enfeksiyonu var. [1.2]
— Kan yolu ile gecen enfeksiyon en fazla ABD!3!

* %75 KC hastaligi veya HSK gelisene kadar farketmez. —

Yillar 4!
* HCV eslik eden goklu hastalik siregleri ]

— Kc hst, DM, B hicre proliferasyon bozuklugu,

depresyon, kognitif bozukluklar

1. Lavanchy D. Liver Int. 2009;29:74-81. 2. Shepard CW, et al. Lancet Infect Dis. 2005;5:558-567.
3. IOM. Hepatitis and Liver Cancer. NA Press. 2010. 4. Mitchell AE, et al. Hepatology. 2010;51:729-733.
5. Jacobson IM, et al. Clin Gastroenterol Hepatol. 2010;8:1017-1029.



HCV Enfeksiyonu

Riskli Kisiler
® 1992 dncesi kan tx yapilanlar
* VDU
®* Nazal kokain inhalasyonu
* Diyalizdeki KBY
®* Hapis
® Kan Urunlerine mesleksel temas
®* HCV pozitif donorden doku/organ alinmasi

® Piercing, dovme

Centers for Disease Control and Prevention. Hepatitis C fact sheet. Available at:
http://www.cdc.gov/ncidod/diseases/hepatitis/c/fact.htm. Accessed February 1, 2006.
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Figure 1. Naturalhistory of hepatitis Cvirus (HCV) infection.



Fibroz ve Siroza llerleme
Risk Faktorleri

" Erkek
= Uzun sureli enfeksiyon
= Enfeksiyon zamaninda >40 yas infection
AL GCIENNRINEN
= >50 gm/gln - erkek
= >30 gm/gln - kadin
" |srarci olarak artan ALT

= HIV, HBV koenfeksiyon

Poynard T, Lancet 1997 349:825-32
=0 rgan TX Mathurin B Hepatology 1998 27:868-72
Benhamou J, Hepatology 1999 30:1054-8
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*Mortality rates = HBV, HCV, HIV listed as cause of death
Because decedent can have multiple causes of death, a record listing more than 1 type of infection was counted for
gach type of infection

Ly KN, et al. Ann Intern Med. 2012,;156:271-278




HCV Replikasyonu
Hepatik ve Ekstrahepatik Mortalite

All Causes

- Anti-HCV seropositives, HCV RNA detectable
— Anti-HCV seropositives, HCV RNA undetectable
Anti-HCV seronegatives

P < .001 for comparison among 3 groups
P < .001 for HCV RNA detectable vs undetectable

Lee MH, et al. J Infect Dis. 2012:206:469-477




HCV ve Alkol
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Wiley TE, et al. Hepatology. 1998:28:805-809.



N (%)

HIV + HCV

- HIV-neg (n=173)

60
. HIV-pos (n=640)
47
p<0.01
p<0.01
23 p<0.01
18
11
. 6
>0.8 >2 >4 >6

(467; 57%) (273; 34%) (170; 21%) (127; 16%)

Serum HCV-RNA (million IU/mL)



HCV

DM ve insiiliiin Direnci Third National Health and Nutrition
Examination Survey (NHANES I11)*

P=.001

HOMA-IR

Tum hastalar HCV (-) HCV

HOMA = homeostasis model of assessment; IR = insulin resistance.

1. Shaheen M, et al. Diabetes Res Clin Pract. 2007;75:320. 2. Mehta SH, et al. Ann Intern Med.
2000;133:592. Graphic courtesy of Dr. David R. Nelson.



Siroz Tedavisi Sagkalim i¢cin Gereklidir.

Survival Probability Compensated

After first major
complication

L} L] L) L) L)

0 12 24 36 48 60 72 84
Mos

Pts at Risk, n 004 376 342 288 236 165 126 79

Fattovich G, et al. Gastroenterology. 1997;112:463-472




HCV VE KBY

HCV enfeksiyonu ve kronik bdbrek hst
progresyonu ile iliski
— HCV enfeksiyonu 2,2 kat mortalite artirir.

— Son asama bobrek yetmezligi gelisimi %98 daha
buylk tehlike

— Renal fonksiyonlarda %15 bozulma

Molnar et al. Hepatology 2015; 61: 1495-1502



HCV Tedavi Edilmelidir.

e 31 calisma —meta analiz
SVR gelisimi ile
* Tum nedenlerden dlum riski azalir.

— Genel populasyon %50
— Siroz % 74
— HIV/HCV %79

Simmonds et al. CID 2015;61(5):730-40



Clinical Infectious Diseases® 2015;61(5):730-40

20 +

15 4

Mortality, %

General cohort Cirrhotic cohort Co-infected cohort
m SVR 1.98 (1.00, 3.45) 4.90 (3.45, 7.28) 1.49 (0.50, 2.96)
# non-SVR 7.75(5.86, 10.98) 15.88(11.44, 21.80) 11.44 (6.33, 19.31)

Figure 1. Five-year mortality rates {95% confidence interval} for sustained virologic response (SVR) vs non-SVR groups for each cohort.



SVR ve HSK
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Median follow-up: 10 yrs
Purevsambuu T, et al. EASL 2014, Abstract 0125




HCV Neden Kroniklesir?

Savunma Mekanizmalari
— Kapaliyapilaricinde cogalir.
* Cevrenin antiviral savunma
mekanizmalarina karsi
korunur.,
— Genetik cesitlilik
e Hiuicrenin Antiviral

stratejilerine karsi direncli
mutanlarin oraya ¢cikmasi

— Koruyucu lipoproteinile
kaplivirion

Saldirgan Mekanizmalar

Viral olarak kodlanan
proteinler

Konak hiicrenin virtsu
saptamadayetersiz kalmasi

Interferonayanitta azalma,
kazanilmisimmunite
savunma mekanizmalarive
T hiicreyanitinin degismesi
Etkili B hlicreiliskili
humoral yanitin gelisiminin
onlenmesi




HCV kur vardir.
HIV HIV 6miir boyu tedavi gereklidir.

\\.: . i 'VV\ 8 , .
Provirus % RINA UL
Nucleus @ Cytosol 4. W
-
Integratiop O ol
CD4+ Hepatocyte

T-lymphocyte

Figure 1. Differences in the replication life cycle of HIV and HCV (modified from
ref. [71]).



Hemen Tedavi
gerekmez.
AMA
Tedavi daha kolay
Yanit olasiligi yuksek

Tedavi gereksinimidaha fazla
AMA
Yanit azalabilir.
DAA ve gelecek ilaglar daha
etkili

Hafif Hastalik Ilerlemis Hastalik /
Siroz




Hepatit C Virus

50-80 nm

Lipid zarf

Kapsid Proteini

Nukleik Asid

— Zarf Glikoprotein E2

Zarf Glikoprotein E1

Courtesy Michael Gale via
Tenille Gale



HCV Genotipleri ve “Quasispecies’
Nukleosid Sekanslarinda >%30 degisiklik var.

Nukleotid
Tanim Tanim Benzerligi
Genotip I-!e_’FerOJenlte ( farkh %66 —%69
virsler arasinda)
Her bir genotip icinde %77 — %80

Subtip

yakindan iliskili virtsler

Bireysel virusler icindeki
“Quasispecies” genetik varyantlarin %91 — %99
kompleksi
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Hepatitis C virus RNA
Pozitif tek zincirli RNA

Tek ORF igerir. 9600 nt bases
M Gene encoding precursor polyprotein
L[5 NTR 3'NTR

Stmctufal proteins non-structural proteins

|
|
|

A J

p22 gp35 gp/0 p/ p23 p70 p8 p27 p56/58 p68

C| E1 | [E2] [ns1|[ns2]|[ns3 NS4 | NS48 |[NS5A | NS5B

\) W

co-factors
Envelope:* proteases ‘RNA polymerase
glycoproteins " RNAhelicase .
interferon
nucleocapsid transmem-brane resisting
protein

protein



YAPISAL PROTEINLER

* HCV kor proteini
— viral nukleokapsid protein

* RNA baglanma, immun modulasyon, hiicre
sinyalizasyon, onkojenik potansiyel, otofaji

* Lidid damlaciklar ile birlikte HCV toplanmasini
gerceklestirir.

p22 gp35 gp/7/0 p7 p23 p70 P8 p27 p56/58 p6S8S

=1 B0 == [nsa] [ws2] [nssT nsan] [Nsas] [Nssa] [usse]

—fact
Envelope proteases co ors RNA polymerase

glycoproteins ¥ RNA helicase

nucleocapsid transmembrane
protein

interferon
resisting
protein




P22 ep35 ep 70 P77 s P27 pSsSesS/58 pesS

[==] EIEIIEIM@--

| )
—fact =
Envelopez- proteases co o RINA polymemse
glvcoproteins . RN A helicase

nucleococapsid transmembrane
protein

 HCV E1/E2 zarf glikoproteinleri

— Virusun iceri girmesini saglar.

interferon
resisting
protein

— Antikorlar etkilemez- HCV kalici olmasini saglar
— E2 hipervariable bdlgeler vardir.
* HVR1 - notralizan epitopve giris icin onemli

— Cesitli lipoproteinler ile baglanti var / apoE, apoB,
apoC1,apo C2, apoC3 lipoviroparikul- GIRIS

 P7; Kucuk iyon kanali protein, zarf bolgesinin asagi
tarafindadir ve viral montaj ve salim icin gereklidir.



Yapisal Olmayan Proteinler
* NS2

— Viral otoproteaz; NS2 ve NS3 ayirir, toplanmada
anahtar rolu var

* NS3
— HCV serin proteaz ve RNA helikaz kodlar.

— NS3 proteaz 4 bolgede ayrilmayi saglar
* NS3/4A, NS4A/4B, NS4B/NS5A, NS5A/NS5B

— IFN Gretim yolunu bloke eder.

P22 ep35 p 70 [« 4 P23 P70 P8 P27 p56/58 p6S8S

ED E=1 [msr] [Ns=] [N [Nsaa] [Nsas] Nssa] [Nsse]

co-factors
Enwvelo pe proteases RINA polymerase

glycoproteins | RNA helicase _
lnteron

resisting
protein

transmembrane

nucleocapsid
protein




P22 ep35 ep 70 P77 P23 P70 Pra P27 pSes/58 pes

E==1 [nsa] [Ns=]] [NssT] [Nsaa] [Nsas] [NSSa] [NsSe]

| )
co—factors
Envelope ‘ proteases RINA polymerase

glycoproteins l RNA helicase

nucleocapsid transmembrane
protein

interferon
resisting
protein

* NS4A

— NS3 ile stabil bir kompleks olusturu ve NS3 proteaz
icin kofaktorddar.

— Membran ag formasyonunu indikler ama rollG cok
belli degildir.

* NS5A

— Cinko baglayan metalloprotein

— HCV cekirdegi ve lipid damlaciklarina yakin cesitli
konak faktorleri ve viral RNA ‘yi baglar.

* NS5B
— RNA bagimli RNA polmeraz



CypA

* siklofilin A (CypA) - HCV replikasyonu icin gerekli bir peptidil-prolil
cis-transizomerazdir.
e Siklosporin A, Alisporivir, SCY-635 yliksek antiviral aktivite - potens

o CypA HTA

NS5A'y1 baglar.

HCV RNA replikasyonu icin gerekli konformasyonel degisiklikleri
katalize eder.

CypAinhibitorlerine karsi direncg, CypA ve NS5B baglanma bolgeleriile
cakisan bir bolgede NS5A'ya eslenir.

CypAinhibitorleri dogustan gelen antiviral bagisikligi da
gelistirebilecegini gostermektedir.

Hastalarda alisporivir, IFN esasli rejimlerin etkinligini arttirir
Yuksek direng bariyeri olan capraz genotip kaplamayigosterir.
Akut pankreatit—YE nedenile kullanimdisinda — simdilik.

Bu birinci sinif HTA icin bir aksilik olsa da, CypA inhibitorleri, IFN-
icermeyen rejimler baglaminda yeniden ortaya cikabilir.



miR-122

Karacigere 6zgu konak mikro RNA miR-122

5" ucu yakininda HCV genomunda saklananiki korunmus miR-122
CEIERINEEIEL

HCV replikasyonuicin gerekli baglanma

MiR-122 translasyon Gzerine stimulator etki

Miravirsen
— miR-122 hedefleyen nikleik asit antagonisti
— Tum genotiplere etkili
— Injeksiyon ile verilir.
— miR-122 pek cok hepatosit mRNA regtile eder- istenmeyen etki
— Ted sirasinda gecici serum kolesteroliinde diisme
— Hepatit, HSK gelisimi

— Faz 2 calismalarinda tolerebl ve glivenli ve 6nemli antiviral etkiye sahip
ve yuksek direnc bariyeri
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V' C-teminal cleavage of cors by Autoprotease and Organizer of replication
signal peptide peptidase assembly factor complex and membranous web

T Signal peptidase cleavage site
¥ NS2-NS3 protease cleavage site

' NS3-NS4A protease cleavage site

Figure 2 The HCV genome and polyprotein processing. The HCV RNA genome (top) contains one long ORF (biue) flanked by 5* and 3’ UTRs (red).

The binding of two copies of miR-122 (green) to the 5" UTR is highlighted in the inset. IRES-mediated translation of the ORF leads to a polyprotein
(bottom) that is co- and post-translationally processed into ten viral proteins. The maturation process of the core protein involves a cellular signal
peptide peptidase cleavage of a C-terminal signal peptide (white triangle) and cleavage from E1 by the cellular signal peptidase!22, which also cleaves
El, E2 and p7 from the polyprotein (gray triangles). In an autocieavage mechanism requiring two identical molecules to make up the composite active
site, the NS2-NS3 protease cleaves itself (red triangle)’2. The NS3 protease located in the first one-third of NS3 (ref. 165), assisted by its membrane-
bound cofactor, NS4A155, cleaves the remaining proteins NS3, NS4A, NS4B, NS5A and NS5B (green triangles). Glycosylation of the envelope proteins
(black dots) and the functions of the individual HCV proteins are indicated.
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Scavengerreceptor Bl

a ~ Bile duct Canalicular surface

Blood vessel

Luminal
surface

junctions

Figure 1| Entry pathway of hepatitis C virus (HCV).

a, Tight junctions between hepatocyte liver cells
establish functionally different cell-surface domains,
with the luminal surface facing the bloodstream and the
canalicular surface in contact with the bile-duct system.
b, HCV travels through the bloodstream in association
with lipoproteins. Its initial adhesion to hepatocytes
may be mediated by accessory factors (not shown) and/
or direct interaction with SR-Bl and CD81 proteins.
On transfer to a tight-junction complex, the virus may
interact directly with claudin-1 and/or, as Ploss ef al.’
show, occludin, allowing viral uptake into the cell.

Thomas Pietschmann vol 45712 February 2009




ER lumen and secretory pathway

E1E2
III.-_(!!I o=
Core P7

NS34A /
NSSA

Cytosol

Eig. 3. HCV replication and assembly. Upon cleavage of the polyprotein, HCV non-structural proteins form the replication complex in association with cellular factors,
which leads to the formation of double-membrane vesicles, also called the membranous web, where replication takes place. After cleavage of its C-terminus, core protein is
loaded onto LDs. The junction between core-loaded LDs and the replication-complex-rich ER membranes is the site of virion assembly. Newly replicated viral genomes are
transferred to the assembly sites via NS3/4A or NS5A, and NS2, and p7 connect replication complexes and core proteins to the glycoproteins. The next steps in HCV virion
morphogenesis are tightly linked to the metabolism of VLDL assembly. However, the details of the intersection between HCV assembly and VLDL biogenesis remain poorly

understood. It has been demonstrated that HCV particle contains apoE and neutral lipids, but how these components are acquired during HCV morphogenesis remains
speculative, and this figure represents a hypothetical model.
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HCV RANA

ER lumen

-ACV kor proteini lipd damlaciga gonderilir.

NATURE CELL BIOLOGY VOLUME 9 | NUMBER 9 | SEPTEMBER 2007 961
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Table 1, Putative viral and host cellular factors interacting in riCV fite cycle (Adapted from Fawlotsky JM, et al. Gastroenterology 20071321979

1999)"

HCV life cycle step

Vira attachment, entry, and fusion

E——

Vira

Eye

factors
0pe gycoprotein £

Efve

0pe glycoprotein £2

Host cellular factors

Heparan sufate proteogycans

Scavenger receptor Btype |
(08

(laudin-t

Occludin

Epidermal arowth factor feceptor
Ephvrin receptor A2

LOL receptor
Niemann-Pick C1-ike 1 cholesterol uptake receptor



Table 1, Futative viral and host cellular ractors nteracting in FICY ffe cycle {Adaptea trom Fawlotsky IV, et &l Gastroenterology 20071321979

199"
HCV life cycle step Viral factors Host cellular factors
HCV ANA ranslation nermalfbosome entry ste Ribosomal uburits
5 nontransated region Eukaryotc niaton factors 2and'3
HCY open eading rame IANA
3 nontrangited region
NO4A ang N3
Postrangitonal processing NS2dncependent metaloprotease — Signalpeptidse
N3/ serne protease Signal peptice peptidase
(Y replation NGSB RNA dependent RNA poymerase ~ ER membrangs



Table 1, Putative viral 2nd host cellular factors interacting in HCV fite cycle (Adapted trom Pawlotsky JM, et al. Gastroenterology 20071321979
199"

HCV lfe cycle step Viral factors Host cellularfactors

E.'I usassembly and release (0re protein : Lipid roplets

| envelone ghcoprotens A mebrans

i HCV RN genome (0lgi aparatus

:. NSSA VLD secreton pathway

: NS nolinoproteins (apoB, apot)

il




HCV Yasam Siklusunda Ana Hatlar

* Hepatosit yasam dongusu lipid metabolizmasi ile siki
iliskidedir.

 HCV partikulleri disuk dansiteli ve lipoproteinler ile
iliskili proteinlerdir.

 ApoE HCV enfeksiyoz partikiller ile iliskilidir ve HCV
toplanma ve giris asamasinda etkilidir.



HCV Yasam Siklusunda Ana Hatlar

 HCV zarf glikoproteinleri hepatositlere giriste major
viral determinantdir.

* HCV girisi oldukca kompleks bir stirectir ve pek cok
protein vardir.

— Konak faktorleri— SRB1, CD81, CLDN1 vd OCLN

 HCV replikasyonu intraselliler membranlarn masif
olarak tekrar dizenlenmesini indukler.

— Sitoplazmada mikro-cevre yaratmak icin



HCV Yasam Siklusunda Ana Hatlar

 HCV replikasyonu membranoz ag ile iliskili cift
membranli vezikiller icinde olur

* HCV genom replikasyonu icin pek cok konak
faktorinu toplar, santral rol P14KI|

 HCV toplanmasi selltler faktorlerin yardimi ile

sitosolik lipid damlaciklarin yakininda olusur (pGars,
PLA2G4)



HCV Yasam Siklusunda Ana Hatlar

 HCV toplanmasi VLDL biyosenteziile siki sikiya
iliskilidir.

* Apolipoprotein B sekresyon yolunu kullanarak disari
salinir.



Hepatitis C Virus Therapeutic Development: In
Pursuit of “Perfectovir”

Gregory J. Dore'? and Jordan J. Feld® Clinical Infectious Diseases® 2015;60(12):1829-36

'Kirby Institute, University of New South Wales, and “St Vincent's Hospital, Sydney, Australia; and “Toronto Centre for Liver Disease, Sandra Rotman
Centre for Global Heaith, University of Toronto, Ontario, Canada

.

SOF/LED
. PEG-IFN/RBV/SOF PTV/OBV/DSV/RBV

G PEG-IFN/RBV/SIM
‘ PEG-IFN/RBV/TVR
PEG-IFN/RBV/BOC

PEG-IFN/RBV B 38 weEeks
B 2a-a8weeks

24 WEEKS
I 12 WEEKS

EFFICACY

IFN/RBV

o

TOLERABILITY

\J

Figure 1. Advances in hepatitis C therapy with respect to tolerability and efficacy. Abbreviations: BOC, boceprevir, DSV, dasabuvir; IFN, interferon; LED,
ledipasvir; OBV, ombitasvir; PEG-IFN, pegylated interferon; PTV, paritaprevir; RBV, ribavirin; SIM, simeprevir; SOF, sofosbuvir; TVR, telaprevir.



Perfectovir

Etkinlik > %95
Pangenotip etkinlik

Dekompanse S ve peritx durumlarinda yuksek
etkinligin idamesi

Min toksitite

Min HCV R

Doz kolayligi — gtinde bir kez
Kisa sure

Satin alinabilir/ 6denebilirlik

Clinical Infectious Diseases® 2015;60(12):1829-36



Antiviral Tedaviden Beklenen

e Kalici Viral Yanit — SVR

— Tedaviden 12-24 hafta sonra HCV RNA
saptanmamali - < 25 IlU/mL

* Viral kur
 HCV tedavisi komplikedir.

— Ylksek viral replikasyon kapasitesi

— Dusuk duzeltme ( proofreading) kapasitesi



Tedaviyi Etkileyen Faktorler

Interferon +
IL28B

genotip

ribavirin tedavisi

e Bazal viral

. yuk \

* HCV genotip




DAAs 2013

100 - B
PeglFN/m11 80+
80 - RBV 2001
Standard /
IFN 1998
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>
D 40

IFN IFN IFN/RBV IFN/RBV  PeglFN P%F\"’NI PeglFN/  DAA

| +RBV
12 mos DAA tPeglFN

6mos 12mos 6 mos 12mos  12mos

Adapted from the US Food and Drug Administration, Antiviral Drugs Advisory Commitioe Meeting, Aprl 27-28, 2011, Siiver Spring, MD.




Votahyt commmmmes, Vot oty

HCV and renal
complications

2.4,.5 6 and
cirrhosis

Refinement of treatment

length and accessability Pationts successfully
*‘ curable with 1* gen. drugs

Patients with
treatment comgplicatioes

HCV ELIMINATION

Fig. 2. Schematic representation of DAA development in order to reach global HCV elimination. The vast majority of patients
who receive all oral DAA therapy will achieve sustained virological response (green). However, a second generation of drugs will
address the unresolved issues for patients where current treatments are still not satisfactory (red; blue bubbles). Refinement of drug
delivery approaches will be necessary to achieve ‘cure-all’ treatments.
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Figure 2. Drug targets in the lifecycle of the hepatitis C virus. 2015, Vol. 6(1) 4-14



Translasyon sonrasi HCV polipeptid

zincirini 4 bolgeden ayirr.

5 NTR |Structural proteinsj

’

NS3 ko-faktorii NS4A ile ¢alisir.
Helikaz ve niikleosid trifosfataz

olarak

C E1 E2 P7 NS2

VEIINOE © NS3/4A Serin proteaz bolgesi

Protease inhibitors:

Telaprevir Peneyyy tedavihedefidir.

Boceprevir Ledipasvir L _ _
NS3/4A enziminin bloke edilmesi

Simeprevir PIBES ile poliproteinin bélinmesi

Paritaprevir | inhibe olur, replikasyon

Faldaprevir NS3/4A engellenir.

Asunaprevir Proteaz

Danoprevir inhibitorleri Ayrica NS3/4A bolgesi farkli

Vaniprevir genotiplerarasindadegiskenlis

. gostermektedir.
Grazoprevir

Vedroprevir ABT-530 Bu nedenle genotip 1 disinda
ABT-493 etkinlik yok.
GS-9857

Maan Rand van der2016, 5:367 (doi: 10.12688/f1000research.7399.1)



5 NTR |Structural proteins|  Non-structural}

* Enzim ozelligi
yok.

* Cinko bagl
proteindir.

* Viral
replikasyonda
onemlidir (

tam rolii ?)

A

| NS5A inhibitors:

Daclatasvir

Ledipasvir
Ombitasvir
Elbasvir
Velpatasvir
ACH-3102
PPI-668

GSK2336805
Samatasvir

ABT-530

sinyal yolunu bloke eder,

viral replikasyon surecini
viral replikasyonun
gerceklestigi yer olan
membrandz agini
engelleyerek bloke eder

intraselliiler NS5Ain
yerini ER dan lipid
damlaciklara dogru
degistirir

HCV yasam dongiisiinu
bircok bolgede etkiler
* intraselliiler RNA
sentezini, virus
toplanmasinive
sekresyonunu
etkiler.

Maan Rand van der 2016, 5:367 (doi  re e a——
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;"NSSB inhibitorleri

* Niikleosid/niikleodit
inhibitorleri
* RNA sentez
alsamasinda erken
zincir olusumu
evresinde girer.

* Non-niikleosid
inhibitorleri
* Polimerazenzimine
baglanarak
proteinin yapisini
degistirir.
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':g NS5A NS5B
NS5B Polymerase inhibitors:
Nucleosides | Sofosbuvir
VX-135
IDX20963
ACH-3422
Non- Dasabuvir
nucleosides Beclabuvir
PPI-383
GS-6006
TMC647055
DOOResearch

doi: 10.12688/f1000research.7399.1)




Table 1, Classification of recommended DAA (2016),

NS3 protease  NSSA Nucleos(t)ide Non-nucleoside
innibitors ~inhibitors  polymerase inhibitors  polymerase inibitors

Paritaprevir  Ledipasvir Sofosbuvir Dasabuvr
Asunaprevir  Ombitasvir
Grazoprevir  Daclatasvir
Simeprevir — Flbasvir
Velpatasvir

Squares record co-formulations or co-packaged medications available.
Velpatasvir will soon replace ledipasvir,




Table 3 Pharmacokingfcs of NS38 polymerase inhbiors

e e —————————————

kg .SMM wm Bicla_bw_ir“(’
Dosage 400 mg dall 050 mg bwice  day wih food | 75 mq twice a day
Malfife 05h (parent drug), 27h |~ 5.9-61 b
(active metabolte)
Protein-binding | 60% > 90 Unknown
Elimination Uring (B0%), feces (14%)f1 ~ Feces (%4%), urne (2%) Feces, urine (< 10%)
Pregnancy Category B Cateqory B Unknown
Substrate P-lycoprotein, BCRP CYP 2CB, P-qiycoproten, BCRRYY ~ CYP 3hd
[nhibiton - 6T 1Al 0ATP 161, P-glycoprotein




Sofosbuvir
(Sovaldi)
Genotip 1, 2,3,4
Aktif trifosfat nikleosid analoguna fosforile olur.

Sonra inaktif form olan GS-331007 defosforilize olur.
— Sistemik ilagc maruziyetinin > %90

Viral zincire girerek RNA zincirinin erkenden sonlanmasina
neden olur.

Ser282Thr tek nokta mutasyonu tim NS5B R
— Bugline kadar yok.

Direnc gelisimine yuksek genetik bariyer



Sofosbuvir
(Sovaldi)

KC metabolize olur.
Cmax ana ilag, 0,5-2 st, inaktif form 2-4 saatte ulasrr.

Yiyecek/ yagli yemek ile absorsiyonu veya sistemik
konsantrasyonu etkilenmez.

KC yetmezligi ve hafif-orta renal yetmezlikte doz
ayarlamasi gerekmez.

— Orta derece KC yetmezliginde sofusbuvir maruziyeti 2,3 kat
artar.



Sofosbuvir P-glikoprotein 1

(Sovaldl) Multidrug resistance
. . protein 1 (MDR1)
lyi tolere edilir. ATP-binding cassette
sub-family B member 1
Kreatin kinaz ve lipaz artisi —h (ABCB1)

Yabanci maddeleri disari
pompalar

P-gp ile tasinir.

— P-gp indukleyiciler plasma konsantrasyonu azalr.

e Rifampisin, St.John’s wort, karbamaepin, fenitoin —
birlikte verme.

Onemli ilac etkilesimiyok



Sofosbuvir
(Sovaldi)

e Anti-aritmik amiodaron ile kontrendikedir.
— Tehlikeli aritmi
— Bradikardi — tedavininilk 2 haf

— Amiodaron kesildikten 3 ay sonra sofusbuvir
baslanabilir.

e T1/2 uzun- etkilesim aylar sirer.

* Diger antiaritmiklerde dikkatli kullanilmalidir.

 Sofosbuvir antiaritmik olmadan da kardiyak
tokstiteye yol acabilir.




Table 5. Pharmacokingtics ofirst-gengration NSSA Inhbitors

g Lidigasv_ir” Oz et

Dosage 90 m daly 05 mq daly wit food 60 ma daly’

Half{fe 7 U-051 12-151

Protein-binding | 99.8% 09.9% 99.0%

Elimination Feces (86%), uring (1%) | |~ Feces (90%), unne (2%)| |~ Feces (88%), urine (7%
Pregnancy Category B Cateqory B Unknown

Substrate P-qlyconroteln, BCR? P-glycoprotein CYP 34, P-alycoprotei
[nhibition P-qlycoprotein, BCR? - P-qlycoprotein, OATP 16, BCRP

‘ 30 mq daily with 34 inhoitors, 30 mq dally with A inducers,



Ledipasvir
e Sofosbuvirile kombine — HARVONI

 EC50 konsantrasyonu GT 1a ve 1b de diger GT
lere gore dusuk.

 HCV NS5A-resistant varyantlar dogal olarak olusur
ve uzun sure kalir.

— Suboptimal tedavi ile hizla olusur.

— Y93H ( gt-1b) ve Q30K (gt-1a) mutasyonlar LDV >
1000 kat direnc gelisir.

— Daha dnceden olan mutasyonlar DAA tedavisine etki
azalr.



Ledipasvir

* HCV enfeksiyon olan kisilerde saglikh kisilere
gore EAA ve Cmax daha dusuiktur.

* Sistemik konsantrasyon yiyecek ile
etkilenmeaz.

— Yemeklerden etkilenmez.

* ilacin %70 degismeden atilur.



Sofosbuvir + Ledipasvir

» Hafif-orta bobrek yetmezliginde doz
ayarlanmaz.

* Ciddi bobrek yetmezliginde doz dnerisi yok-
Calisma?

e Halsizlik, basagrisi



Sofosbuvir + Ledipasvir

* Sofosbuvir +ledipasvir intestinal p-gp ve “breast
cancer resistance protein”-BCRP ile tasinir.

— P-gp indukleyicileri her ikiilac plazma konsantrasyonu
azalir — terapotik etki de azalir.

— P-gp inhibe eden ilaclar ile
* SOF + LDV maruziyeti artar.

* LDV ko-ilacin intestinal absorbsiyonnu artirabilir.
— Digoksin gibi

« Amiodorone vd antiaritmikler DIKKAT
— Semptomatik tehlikeli baridkardi, asistoli



Sofosbuvir + Ledipasvir

e LDV - “Hepatic organik anyon-transporting eden
protein” [OATP] inhibe eden ilaclar ile kullanim
onerilmez.

— Rosuvastin (koWe
dikkat

* LDV cozunulurluglh pH artikca az

— Gastrik pH arttiran ilaclar LDV kon
* Antiasitler, H2-reseptor antagonistle

* H2-reseptdrantagonistleraynianda
famotin 40 mg asmasin)

* proton pompainh.Aynianda (esde
asmasin)

* Yuksek dozlarda SVR hafifdisme




Sofosbuvir + Ledipasvir

 ART ile verilir.

— Ritonavir / kobistat ve tenofovir iceren rejimlerde
dikkat — renal monitor



Velpatasvir

Sofosbuvir ile verilir.

Velpatasvirin vitro CYP2B6, CYP2C8 ve CYP3A4
ile metabolize edilir.

— Ama islem yavas oldugu icin plazmadaki ilacin cogu
ana ilactir.

P-gp ve BCRP daha az olarak OATP1B1 ile
transport edilir.

Biliyer yolla elimine olur.
T1/2 : 15 st



Velpatasvir

* P-gp ve CYP indukleyicilerile kullanimi
kontrendike

— Rifampisin, karbamazepin, fenobarbital,penitoin, St.
John’s wort

— Velpatasvir etkinligi kaybolur.

* Velpatasvir ( LVD gibi ) P-gp ve BCRP
inhibisyonuna neden olur.

* Bu inhibitorlerile verilirse dar terapdtik pencere
unutma yakin takip et.



Velpatasvir

e Velpatasvir coztunurlugl pH artikca azalrr.
— Antiasit, H2-blokerler, proton pompa inh ile dikkat

— Yiyecek ile ve proton pompa inh. 4 st dnce
alinmalidir.

* ART kullaniminda sorun yok.

— Efavirenz, tenofovir vb



Table 4. Pharmacokinetics.of NS3/4A protease inhibitors

Agent Simeprevir’**® aritaprevir’® Asunaprevir'® Grazoprevir™
Dosage 150 mg daily with food || 150 mg daily with | | 200 mg twice a day 100 mg daily
food
Half-life 10-13h (healthy adults){ | 5.5h 17-23h 31h
41 h (HCV infected
adults)
Protein-binding | > 99% 97%-99% > 99% 99.8%
Elimination Biliary excretion (91%), || Feces (88%), urine | | Feces (84%), Feces (> 90%),
CYP 3A (9%) urine (< 1%) urine (1%)
Pregnancy risk | Category B Category B Unknown Unknown
Substrate CYP 3A CYP 3A, P- CYP 3A, P-glycoproteln)  CYP 3A, P-glycoprofein,
glycoprotein, BCRP, | | OATP 1B, OATP 2B BCRP, OATP 1B
OATP 1B
Inhibition CYP 1A2, intestinal CYP || BCRP, P-glycoproteinf | CYP 206 (moderate)d | Intestinal BCRP
JA4, OATP 18 and OATP 1B P-glycoprotein (weaky,
P-glycoprotein OATP 1B (weak)




Simeprevir
Genotip 1a ve 1b karsi etkili.

Makrosiklik inhibitor

Direnc gelisimine yuksek genetik bariyer

— Telaprevir ve boceprevir'den farkli

HCV enfekte kisilerde sistemik absorbsiyonu 2-3 kat
fazla — saghkl kisiler

Yiyecekler ile alinmal
— EAA %50-60 artar.



Simeprevir

Biliyer yolla elimine edilir.
— %91 feces ile degismeden atilir.
— %1 degismeden idrar ile

Orta ve agir KV yetmezliginde kontrendikedir.
Bobrek yetmezliginde doz ayarlanmaz.

KC de oksidatif olarak metabolize olur.

— CYP3A ailesi - temel
— CYP2CS8, CYP2C19 — daha az



Simeprevir

* Simeprevir- Hepatik tasiyicilar OATP1B1 ve
MRP2 icin inhibisyonuna neden olur.

— Hafif gecici hiperbilirubinemi - %10 hasta
— KC enzimlerinde artis YOK

* |lac etkilesimiacisindan yakin takip
— Intestinal CYP3A 4 ve p-gp inhibisyonu



Simeprevir

CYP3AA4 enzim ailesi ile metabolize olur.

— CYP ailesi inhibitor/ indikleyicileri ile kullanimda
dikkat- 6nerilmez.

* Simeprevir konsantrasyonunu ¢ok dustrtr / arttirr.

— Antikonvulzanlar, Makrolidler, adeksametazon, nti-
tbc, azoller, bitkisel ilaclar ( milk-thistle, St.John
wort, ART — Onerilmez.?

— Doz ayarlamasi — bazi antiaritmikler, Ca kanal
blokerleri, sedatif/anksiyolitikler

— Siklosporin Simeprevir konsantrasyononu arttirir

— Takrolimus, sirolimus ile doz ayarlamasi gerekmeaz.



Daklatasvir

Sofosbuvirile kombine

Kombinasyon
— HCV genotip 3 icin onayli —FDA
— Gt-1a, gt-1b, gt-2 dnerilir.

Antiviral potensi NS5A inhibitorlerine R olusturan
bazal polimorfizm ile azalir.

Diger Uyelere de R



Daklatasvir

Doza bagli farmakokinetik 6zellikler gosterir.

Oral alimdan 2 st sonra pik seviyeye cikar.
Sabit dlzeye 4 glinde ulasir.

Yiyecek/-siz alinabilir.

Cogu KC elimine olur, daha az renal ?
— %88 feces ( %50 degismeden ) , %6 idrar ile atilir.

KC ve renal etmezlikte, irk, yas — DOZ degistirme



Daklatasvir

 CYP34A substrat ve P-gp icin hem substrat hem
de inhibitéruddar.

* CYP34A ve P-gp indlukleyenilaclar ile DAC
konsantrasyonu azalir.

 Antikonvulzanlar, Makrolidler, sistemik deksametazon,
anti-tbc, azoller, bitkiselilaclar ( milk-thistle, St.John wort)
, ART

 OATP1 ve BCRP inhibitoru ilaglar ile DAC
konsantrasyonu artar.

— Daklatasvir doz ayarlamasi gerekir.



Ritonavir-boosted paritaprevir, ombitasvir and
dasabuvir
( Viekira Pak)

 Ombitasvir 25 mg + Paritaprevir 75 mg +
Ritonavir 50 mg glinde tek

+ Dasabuvir 250 mg ( 2X1)




Ritonavir-boosted paritaprevir, ombitasvir and
dasabuvir
( Viekira Pak )

Ombitasvir — pangenotipik etkinlik

Paritaprevir ( NS3/42) inhibitor
— Gt-1a ve Gtlb etkinlik belirgin

Ritonavir CYP3A inhibitoru

DAS, non-nukleozit NS5B inhibitoru
— GT-12 ve Gt-1b etkinlik



Ritonavir-boosted paritaprevir, ombitasvir and
dasabuvir
( Viekira Pak )

Cmax : 4-5 st, sabit dlizeye 12 satte ulasir.
Hafif-orta yagli yiyecek ile alinirsa biyoyararlanimi artar.

Proteine baglanma > %97 ( ama DAS dagilim volum{
digerlerinden fazla)

Metabolize

— Ombitasvir- oksidatif metabolizma
— Pari +rito -CYP3A4

— DAS - CYP2C8 ve CYP3A4



Ritonavir-boosted paritaprevir, ombitasvir and
dasabuvir
( Viekira Pak )

* Kontrendike - CYP3A4 eliminasyon yolu veya CYP3A4
or CYP2C8 enzimleri icin guclu indukleyiciler ile
kullanimi

— Tek doz sonrasi fecesde yuksek oranda gorulme,

* ombitasvir % 90.2,
* paritaprevir, ritonavir % 88,% 86.4%,
* DAS % 94.4

* Taslyici sistemleri etkilerler.

— Paritaprevir OATP1B1/B3, P-gp ve BCRP inhibe
eder.

— Dasabuvir ve ritonavir P-gp ve BCR inhibe eder.




Ritonavir-boosted paritaprevir, ombitasvir and

dasabuvir
( Viekira Pak )

* Bobrek yetmezliginde doz ayarlanmaz.

* Orta KC yetmezliklerinde 6nerilmez.
* Agir KCyetmezliginde kontrendikedir. .



Grazoprevir + Elbasvir

Grazoprevir ( 100mg) + Elbasvir ( 50 mg )
Yiyecekli/-siz

CYP3A4 ile kismi olarak metabolize edilir.

Eliminasyon yolu safra ve fekal ( Idrar sadece
%1)

Plazma proteinlerine > 98,9 baglanirlar.
T1/2 : 24-31 st —sirasl ile



Grazoprevir + Elbasvir

Grazoprevir
— p-gp ve OATP1B1 ile tasinrr.

Elbasvir
— p-gp icin substrattir.

Orta ve agir KC yetmezliginde kontrendikedir.

Bobrek yetmezliginde doz ayarlamaya gerek
yok ( HD ve PD hastalari da dahil )



DAA Tedavisinde Basarisizlik
Gostergeleri

Bazal
lleri S
Genotip 3
RAV

Onceden interferon
basarisizligi

— GT 2 ve GT-1a
Yuksek HCV-RNA

IFNL4 polimorfizmi

Tedavi Sirasinda

* llaca uyum

* Yan etkiler
* |lac etkilesimleri




Tedavi Basarisizliklari

DAA kombinasyonlari ile tedavide basarisizlik %10
Relaps > viral breakthrough

Sirozu olmayan hastalarda DAA basarisizligi nadirdir.
— Genelde <12 hftedavi

DAA tedavisi sirasinda virolojik breakthrough genellikle
zayIf uyumdan kaynaklanir.

DAA basarisizhigi siklikla RAV olusumu ile iliskilidir.
— Bu durum Sofosbuvirde gecerli degildir.

HCV ilac direnc testleri kurtarma tedavilerinde tekrar DAA
kullanilacak ise gereklidir.
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Figure 2. Estimated clearance time for RAVs selected upon treatment failure.



Direncgli Varyantlar Tedavi Sirasinda Secilir.

Resistant
Baseline Antiviral Therapy variants expand

@ Sensitive (wild) virus * Resistant virus




Viral yiik

Viral Diren¢ Gelisimi

ilaca duyarli ible quasispecies
llaca direncli quasispecies
Tedavi baslar

Direncli quasispecies se¢imi

Parsiyel supresyon
Yetersiz potens
Yetersiz ilag seviyesi
Yetersiz uyum
Onceden olan R

Zaman



DIRENC BARIYERLERI

Protease inhibitors Telaprevir, boceprevir, e

simeprevir, paritaprevir
Protease inhibitors 2 Grazoprevir +++
generation
NS5a inhibitors Ledipasvir, ombitasvir, o
daclatasvir
Nucleoside NS5b Sofosbuvir +H++++
inhibitors
Non-nucleoside NS5b Dasabuvir -
Inhibitors

+ = very low barrier to resistance ++++++ = very high barrier to resistance




DAA Direnc

Direnclli mutant olur.

HIV ‘den farkli olarak 6mur boyu ted gerekmez eradike
edilir, relaps ?

Yuksek direnc bariyerli, ntikleozid ve niikleotid polimeraz
inh, gézlenir.

Kombinasyon ted R ‘in Gstesinden gelir.

Proteaz inh dnceden olan ve yuksek R mutasyonlarinda
yiksek prevalansda R olabilir.

Belli DAAs ( NS5A inh) ile secilen daha fit direncli
variantlar, tedavinin kesilmesi ile uzun strer.
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Figure 2. Estimated clearance time for RAVs selected upon treatment failure.



Direng

* Q80K mutasyonu

— genotip 1a'da %19-48 oranlarinda goérdldyor.
— simeprevir direnci ile iliskili

 L31M ve Y93H mutasyonlari - NS5A inhibitérleri
— %6-12 sikhginda

— Onceden interferon ribavirin kullanmis 1L28B profili iyi
olmayan hastalarda daha olasi olabilir

e Dlinyada henliz tedavi 6ncesi direnc arastiriimasi
gerekliligi tartisiliyor



= SVR without bi. Q80K == SVR with bl. Q80K

gg 80 - - 73
- X
> 40-
20 -
2 SMV + SOF : SNV + SOF SNV + SOF
(GT1a, TN+TE, (GT1a, TN+TE, (GT1a, TN+TE,
phase Ill) phase !l) phase |II)
B weeks 12 weeks 12 weeks
no cirrhosis cirrhosis
Frequency 42% 40% 47%
of pts. with

baseline RAVs

Fig. 4. SVR rates for NS3 protease inhibitor plus nucleos(t)ide NS5B inhibitor
combination regimens in HCV genotype 1 infected patients according to the
presence of baseline RAVs. Simeprevir (SMV) 150 mg QD plus sofosbuvir 200 mg
QD = ribavirin for 8 or 12 weeks, phase [l studies {n =413). Analysis according tc
the absence or presence of Q80K in HCV genotype 1a infected patients | 108,109].
No head-to-head comparisons, TN, treatment naive; TE, treatment-experienced;
bl, baseline.
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DCV + SOF DCV + SOF DCV + SOF
(TN+TE, phase |II) {TN+TE, phase Ill) (TN+TE, phase Ill)
AJ0X YS3H
Frequency 10% 9%
of pts. with
baseline RAVs

Fig. 6. SVR rates according to pre-existent NS5A RAVs in HCV genotype 3
infected patients treated with sofosbuvir plus daclatasvir. Daclatasvir (DCV}
60 mg QD plus Sofosbuvir (SOF) 400 mg QD for 12 weeks, phase [l study
(n=152) Baseline RAVs at positions M28V, A30 polymorphisms {A30X), and
Y93H of the NS5A protein were analyzed [113). TN, treatment naive; TE,
treatment-experienced.



= SVR without bl. RAVs == SVR with bl. RAVs
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(GT1a, TN, TN+TE, no cirrhosis, {GT1a, TN+TE,
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Frequency 39% 52% 11% 10%
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Fig. 7. SVR rates for NS3 protease, NS5A- and NS5B non-nucleoside inhibitor
combination regimens in HCV genotype 1 infected patients according to the
presence of baseline RAVSs. Paritaprevir/r (PTV/r) 150/100 mg QD plus ombi-
tasvir (OMV) 25 mg QD plus dasabuvir (DSV) 250 mg BID with and without
ribavirin (R), phase Il study (n =406). Baseline RAVs at positions 80 and 168
within NS3, 28, 30, 31, and 93 within NS5A and 556 and 216 within NS5B were
taken into account [28|. In a subanalysis (ITT)] analysis 49 partients who were
treated for 8 weeks were investigated and Q80K of the NS3 protein was taken into
account [ 158]. Asunaprevir (ASV) 200 mg BID plus daclatasvir (DCV) 30 mg BID
plus beclabuvir (BCV) 75 mg BID with or without ribavirin (R}, phase [II studies
(n=415). Baseline RAVs at positions 28, 30, 31, and 23 within NS5A were taken
into account. No head-to-head comparisons. TN, treatment naive; TE, treatment-
experienced.
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Fig. 5. SVR rates NS5A inhibitor plus nucleos(t)ide NS5B inhibitor DAA
combination regimens in HCV genotype 1 infected patients according to the
presence of baseline RAVs. Daclatasvir (DCV)] 30-90 mg QD plus sofosbuvir
(SOF; 400 mg QD for 8 or 12 weeks in HIV co-infected patients, phase [ll (n = 203).
This analysis includes small numbers of non-genotype 1 infected patients
[155,156.. Daclatasvir (DCV) 60 mg QD plus sofosbuvir (SOF) 400 mg QD
+ ribavirin for 12 weeks in patients with advanced cirrhosis (Child A-C), phase
[I1 study {(n =59). This analysis includes small numbers of non-genotype 1
infected patients. NS5A RAVs at positions 28, 30, 31, and 93 are taken into
account [ 157, Ledipasvir {(LDV) 20 mg QD plus sofosbuvir (SOF) 400 mg QD for 8
or 12 weeks, phase II/IIl studies (n=2137). Ledipasvir (LDV) S0 mg QD plus
sofosbuvir {SOF) 2400 mg QD with and withourt ribavirin for 12 or 24 weeks, phase
[I/II1 studies (n=510). NS5A RAVs with >100-fold resistance are taken into
account (M2Z8A/C, Q30E/H)G/K/R, L31I[/M/V, P3Z2L HS58D, A92K, YO93C/H/N/S) and
in the majority of patients deep sequence analysis was performed [25,112. No
head-to-head comparisons. TN, treatment naive; TE, treatment-experienced.



Metabolic Pathways of Potential Drug-Drug Interactions for Direct Acting Antivirals

CYP2C8
« Dasabuvir
+GS-5816

OATP1B1/3

« Daclatasvir

«(G5-5816

« Paritaprevir

CYP3A

« Daclatasvir
P-gp/BCRP +GS-5816
+ Daclatasvir + Paritaprevir
+ Dasabuvir + Ritonavir
+G5-5816 « Simeprevir
« Ledipasvir
» Ombitasvir
+ Paritaprevir |
« Ritonavir (only P-gp)

« Sofosbuvir






IZMIR'IN DAGLARINDA
zmir'in daglarinda cigekler agar,
Altin gunes orda sirmalar sagar

Bozuimus dusmanlar ye! gibi kacar
Yasa Mustafa Kemal Pasa, yasa,

Adin yazilacak mucevher fasa
Lzmir daglarina bomba koydular
Turk'Un sancagint one koydular
2anl zaferlerle dusman bogdular
Kader bayle imis ey garip ana
Karum feda olsun glize! vatana

Izmir'in daglarinda oturdum kaldim
Sehit olanlar deftere yazdim

Oksiiz yavrularm bagrima bastim
Kader boyle imis ey garip ana
Kanim feda olsun glizel vatana

Turk ogluyum ben clmek isterim
Toprak diken olsa yatagim yerim.
Allah'indan utansin danenler geri
Yasa Mustafo Kemal Pasa, yasa
Adin




