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Treatment of Chronic Hepatitis C Using Newly Developed Oral Antiviral Agents

Hye Won Lee', Kyu Sik Jung', and Sang Hoon Ahn'*’
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*Brain Korea 21 Project of Medical Science, Seoul, Korea

Standard care for chronic hepatitis C has been a combination of pegylated interferon-alpha and ribavirin, although this treatment
has suboptimal antiviral efficacy and significant adverse events. The hepatitis C virus treatment landscape has been transformed re-
cently by the development of direct-acting antiviral agents (DAAs) that target NS3 protease, NS5A protein, and NS5B polymerase.
Several DAAs showed potent antiviral activity leading to increased rates of sustained virological response (SVR), even in diffi-
cult-to-treat patients such as older patients and those with advanced liver disease and prior failed peg-interferon/ribavirin treatment.
Use of multiple DAAs without pegylated interferon has shown dramatically high SVR rates (up to nearly 100%) with negligible
side effects. Interferon-free regimens are close to becoming the new standard of care for patients with chronic hepatitis C in USA
and Europe. Similarly, several DAAs are near clinical use in Korea. This review discusses DA As that have been approved or are un-
der investigation for approval in Korea. (Korean J Med 2015;88:635-642)
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Table 1. Classification of direct-acting antiviral agents
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S| NS4AS} NSSATHH ] 7|32 o4 wakspA] okefa|A
Q40O NSSBHHE-2 RNA EA|oA 71 a3t a4
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87 CY 2t RI=MIS(DAAs)

DAAL g 7147 B4 R9g 7zom Fiuhe
NS3/NS4ATHH B350 § A 2 A A (NS3/NS4A protease inhibitor)
L= 71 A AP oFlolcKTable 1), o] 3918 AR
3t kA 2= telaprevir, boceprevirZ} Q)L o] = 2FA|= w1}
oA 312 182 7 € 2+ A mAl= olv] 59l
Wkt o]o]A] simeprevir/} 501 %01 0] 2]of| %= asunap-
revir, faldaprevir, ABT-450, vaniprevir, danoprevir 5| @A 7}
W Zolck,

NSSAAA| A 2= daclastasvirZ} 7FY WA =] le-
dipasvir, ABT-267, ACH-3102, IDX-719, MK-8742 5] 7Jj4t
%O]E}[l] NS5B A A= 29 ‘I}F/]’ TEUAE SR

oA} V)il @A FRHE AR F bR T
Q‘ﬂ HCV -3l Adaglo] ‘ﬂb—i’iﬂ U A7IMES 7
AL glo] theFet HCV f-a 3o ufele]2 avks 2l

Y QA E ZTE AR A 2L sofosbuvir®} mercitabine

Target structure Drug

NS3/4A protease Telaprevir® Boceprevir® Simeprevir® Faldaprevir
Asunaprevir Vaniprevir ABT-450 Danoprevir
Sovaprevir Vedroprevir MK-5172 Neceprevir

NS4B Clemizole

NS5A Daclatasvir ABT-267 Ledipasvir PPI-461
ACH-3102 IDX-719 MK-8742

NS5B polymerase Sofosbuvir” Mercitabine, VX-135 ABT-333
BI207127 BMS-791325 Lomibuvir ABT-072
Setrobuvir PSI-7977 Tegobuvir Filibuvir
VX-222 ANA598

*Telaprevir, boceprevir, simeprevir and sofosbuvir were approved by the U.S. Food and Drug Administration.
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Table 2. AASLD guideline (2015) recommendations for patients initiating therapy for chronic hepatitis C infection

HCV genotyping Regimens Duration (wk) Rating
la Ledipasvir/sofosbuvir 12 Class I, level A
Paritaprevir/ritonavir/ombitasvir plus dasabuvir and RBV 12 or 24° Class I, level A
Sofosbuvir/simeprevir £ RBV 12 or 24* Class Ila, level B
1b Ledipasvir/sofosbuvir 12 Class I, level A
Paritaprevir/ritonavir/ombitasvir plus dasabuvir 12 Class I, level A
Paritaprevir/ritonavir/ombitasvir plus dasabuvir + RBV (cirrhosis) 12 Class I, level A
Sofosbuvir/simeprevir 12 or 24° Class 1la, level B
2 Sofosbuvir/RBV 12 Class I, level A
Sofosbuvir/RBV (cirrhosis) 16 Class 1Ib, level C
3 Sofosbuvir/RBV 24 Class I, level B
Sofosbuvir/RBV/peg-IFN 12 Class Ila, level A
4 Ledipasvir/sofosbuvir 12 Class IIb, level B
Paritaprevir/ritonavir/ombitasvir/RBV 12 Class I, level B
Sofosbuvir/RBV 24 Class Ila, level B
Sofosbuvir/RBV/peg-IFN 12 Class I1, level B
Sofosbuvir/simeprevir £+ RBV 12 Class IIb, level B
5 Sofosbuvir/RBV/peg-IFN 12 Class Ila, level B
Peg-IFN/RBV 48 Class IIb, level A
6 Ledipasvir/sofosbuvir 12 Class Ila, level B
Sofosbuvir/RBV/peg-IFN 12 Class Ila, level B

AASLD, American Association for the Study of Liver Diseases; HCV, hepatitis C virus; RBV, ribavirin; Peg-IFN, pegylated-interferon.

"Duration for the patients with cirrhosis.
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Table 3. EASL guideline (2015) recommendations for patients initiating therapy for chronic hepatitis C infection

HCV genotyping Regimens Duration (wk) Recommendation
1 Peg-IFN/RBV/sofosbuvir 12 Al
Peg-IFN/RBV/simeprevir + additional peg-[FN/RBV 12 + additional 12" or 36" Al
Sofosbuvir/ledipasvir 12 Al
Ombitasvir/paritaprevir/ritonavir/dasabuvir + RBV 12 or 24° Al
Sofosbuvir/simeprevir 12 Al
Sofosbuvir/daclatasvir 12 Al
2 RBV/sofosbuvir 12 Al
Peg-IFN/RBV/sofosbuvir 12* Bl
Sofosbuvir/daclatasvir 12* Bl
3 Peg-IFN/RBV/sofosbuvir 12 B1
RBV/sofosbuvir 24 Al
Sofosbuvir/daclatasvir 12 Al
4 Peg-IFN/RBV/sofosbuvir 12 Bl
Peg-IFN/RBV/simeprevir + additional peg-[FN/RBV 12 + additional 12" or 36" B1
Sofosbuvir/ledipasvir 12 or 24° Al1/B1
Ombitasvir/paritaprevir/ritonavir + RBV 12 or 24° B1
Sofosbuvir/simeprevir 12 B2
Sofosbuvir/daclatasvir 12 or 24* B2
Sor6 Peg-IFN/RBV/sofosbuvir 12 Bl
Sofosbuvir/ledipasvir 12 or 24° Bl
Sofosbuvir/daclatasvir 12 Bl

EASL, European Association for the Study of the Liver; HCV, hepatitis C virus; RBV, ribavirin; Peg-IFN, pegylated-interferon.

"Duration for the patients with cirrhosis.

Simeprevir (1 O/ys/o@)

Simeprevir= boceprevir ©]%-of 7§ = o] A v]=a} Y&
oAl FlElo] ARG 1 24|t RSl A A o A A|(NS3/
4ASAIANOITE HCV 321 18 227 SRtolA] o] oFes
szobsto] HZLolEH|E/ejuir] o] 34 Qo R 24 T
4857+ %] 238 QUEST-13} QUEST-2 QAo A 2= %
2 3 1255 % HCV RNA 44(SVRI12)0] 80%, 81%= 9]
oF2] 50%0] Hls FoltAl =ATH34]. o]H 9 QIEHE
A gof Aufigt ghxtof Al simeprevir £3+2] 3] 2o g X
F=3F PROMISE 7 ¢toll A= Fukgol | ehake] 749
38-59%, F-ERES-O| AT ShRfoll A= 48-86%, A St
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Asunaprevir (Sunvepra'@)

Asunapreviri= NS3 THlELa| & A A 24 | TLQIE 7|
S/eu™l BE A HCV G34F 13004 743t 3fafel g
2 s Helry A4 AzrEo] gle A 13 Aol
A 2R QAS AR, J Q1 S/ eu| e B
3}o] asunaprevir 600 mg 23] Fo] A] 92%, 200 mg S} 23]
Eo] A] 83%2] SVRS H 6], o] AA5of|A] asunaprevir 600
mg 23] 0] A] transaminase®] Z7}o} 72 HaRgo] Hlulah
o], A3t 8552 200 mg 23] Fo| = A E|o] A tiFE
o] A-EollA= 200 mg 23] 52 100 mg 23] Fof §FC
2 A= gJrHe]. A 23 go] ¢l= $Rtol| A asunaprevir/
s olElse/eltelgle] 3] 2 AL Al HOV 2% 19
ol M 64%, HCV £207 4300141 89%2] SVRo| BFels|o] 5
SelejsE/etulel 24) A ER Sae A%E R
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o 2% E 245 ARE HE0] P HOV 527 17
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ARgSh= Zlo] FHHET15]. A #HlRlE &/ 2HH™ A
wofe] ekl diet 42S eelaky, Su4) 19 B
ofl 4| daclatasvir 60 mg/a)| 2OVEI T Sk 2w/elubu] 21 24
% i 485 A|Re AR AN 247 Bxke] 9% B
ZJof| A daclatasvir 60 mg/®| 1ol E| o] 2 Lul-2b/2|uiH| LS 3
Al 2 E ATERE 100%0]1 4] SVRo| T }ITH16,17]. 2|2
W% COMMAND-1 91o]| A& daclatasvir 60 mg/| T1Q1E]
SE/eluhRIe] 34 WA A HOV $34 139] 59
59.6%, HCV 5+74A} 48 9] 7% 100%2] SVRE R o #1719
/el A 2atEet 251 & SVRE Hoj
ATH18]. HCV 3-A 2} 28 11} 38 of| A daclatasvire} 3| 1Q1E]
sE/Ele 3 aleR 2% Ei 165 AR 49

(early virological response”} = A9 2452714 AR} 2| &),
A 289 A9 127, 165 A2 FoflA B 83%, 14l

A} 3% 9] 74-5- 69%, 67%C]| A SVRo| THEE| ). o= 245
7 A &she Wl H &/ 2Rk 2 22] SVR (HCV 4
A} 28 63%, HCV 3-AA} 38 59%)°f H]3) =0}, daclatasvir
£ F7RIeEN A A= 7 EY 5 A2 AABEL
tH{19]. Daclatasvir= Q1EJH|E 2| =2}0] W o] 2] &= NSSB
AAA Q1 sofosbuvir 5} BEFaH | o) go] AFHI Q)
o} HCV 42K 1, 2, 38 3%} 21132 tJAH©C =2 daclatasvir/
sofosbuvir®] el @2 Al A7}, HCV F-44F 1304
= A7 ARl A7 FHRGAF RO A 98%2] ShAtof A
HCV 5212} 23 ol A= 92%, 33 ol A= 89%2] SVRo] &<l
Hick gfutalie] ek = SVRY Faisto] W¥gka
oA WF=A] B AMEE o Jitke Ae AlAksE
ATH20]. ALLY-3 fA-FollA= HCV -84+ 339 &4} 152
& gAFC 2 daclatasvir/sofosbuvir B3 @ S FolslHS
o, SVRI2&= 2X|& ARl 4] 90%, o] A %] & s 2hato] A
86%SITH21]. o]t 22 A+t AuE BEHE 9 1hst3] %1
g7to|=glloA= HCV 3121 139] 79 daclatasvir/
sofosbuvirE- optimal treatment option©. 2 113} TH22]. ©]
Qo] &= daclatasvir®} simeprevir, asunaprevir 5-2] NS3 A A
oto] g aWo gt A== A Ay Folck
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Sofosbuvir (Sova/d/@ )
Sofosbuvir= NS5B polymerase AAJAZ 7 Hol| A ¢14ksk
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oA T CF 2tFoll et Wl WA DAAZR 591 ’Th
HCV 74} 1, 2, 3, 49 k5ol A& thidolm 744|122t
O & FholAls 7oAl Q= 79, HIVel SA] s 235
o= X &7} 7s3}c) Sofosbuvire= 2 QE|HE T2 T2
DAASLS] Wgta o R A AgtEglon, HCV F-44} 1, 2,
3,4, 6% TS T 24T AIAIRONA 87% ol F&

SVRI2E YEWITH23,24]. Sofosbuvire} #7121 E] | 2/2]4}
Hgke] WA RS A4 HEAQ] A2+ NEUTRINO
study”} Itk o] dAFoAl= HCV 4417} 1, 4, 5, 632] =
|5 3} 327 S AT S =2 sofosbuvir/=| TLI E| H| =/ 2]H]
& 37 A 75 1257 AlFsEelom, 90%9] EEatol A SVRI2
£ Shlsteh xR el wheh 1ad-2 92%, 163> 82%, 4
B2 96%, 5B 632 100%= bRkl 1HdHSo] Fht
H SR A= 80%2] EHAollA] SVRIZE H Gt oo} Zh2
A= 7)1 QIFHE X &l Aufg HCV 13421 139] 7F
45 SRt A sofosbuvir HIRE7F AIA A = S
AJAFEHEH25]. TEJE FISSION Aol A= HCV 5417} 2, 3%
Afof| A 125719 sofosbuvir/ U] HER| 2} 2457F
o] | 1elEf gl E/eupd A28 vlasteint oF A=
oA BEF 67%2] SVRI2E R lout fHA e ahe} th&
A& Hof HCV R-3A} 23 9] 79 sofosbuvir/2]HiH] = 1
o A &7F {1l e &/ efuEl 2| & SVRI2O| =34S
| HCV 2312} 38 ol A= o R@skeh 1P Rigol ol gt
of| )= sofosbuvir/2]vle| 2 W3F X 57} 47%2] SVRES H o],
H 2ol H /e A7 A7kl 38%RTH 2 JAS
HEITH25]. 0|9} 22 AvE2 HCV #7442, 33 gHAte]|
A QIEH|Eo] Z3ER] oh= A=} 7Fsee AlAkeh
HCV 87k of gta=0] DAA ARg-o] 7§13} Eofof it
= AL AR QEHE AR A 22 E3A o
3} sofosbuvir/2jufe| 2l ¥3ak X820 a5of t3t d1e A
Y=gl =rll, thxyo== POSITION <4 FUSION <A,
VALENCE 117} Qltt. QIE# & fFoj7t Erbsst $s
Ao 2 3t QoF th 2ot YAFIFHPOSITION) o) A] sofosbuvir/
2HHE] SVRI2+= 78%% UFEFLITE FUSION /ol Al
= ARZAHEe] = HCV §44 2, 38 s dide=
sofosbuvire} gjuiH]| S BIste] 125 E= 1657 X =235}
Atk HCV 447 23 Shatol|lA] 125 2| & A] 7+
+ 7% SVRI20] 96%313L 7HRZFo] e 4
Ak 1650 A =35 Af-oll= ZH2F 100%, 78%2] SVRE Hof
Fol A& 7|7ko] A4E 2 e HITH26]
Z|Eolli= sofosbuvir} 2juH] gl W2 7o) thE DAAE

Wt 3A1 o gk o9t vhear ik COSMOS -+
of| A= sofosbuvir®} NS3/4A T g 4 A3l A< simeprevir 2]
2A4] ¥} sofosbuvir/simeprevir/2|HIH] ™ 34| @ H-S ZHz)
125, 245 Sojgt ZolA A= AL wma. 125 A
FHLo| A= simeprevir®] 2A4] &% A SVR129| 94%, sofosbuvir/
simeprevir/2]HFE| & 34| Q¥ A] SVRI2E= 90%% o, 245
Eo] A] Fol|A] SVRI2E W= 93%E B 11| QrH27]. =35t
NS5A A A1 ledipasvir 2-2 NS5B A 421 GS-96692+2]
W3k Qo] tist A= B %3l Qith Ledipasvire= NS5A
AR A 24 HCV 407} 130]] =2 &S Ho|Agk HCV
AL 4, 5, 630l= &/do] Wofx|aL, HCV F34} 2, 330
el A= EAgo] wl$- AsHA ot} Ledipasvire= slow oxidation
g A A=, sofosbuvire} §HA| AAReE A glo] 1
A 13] AR Ao EEGlen S5 417
AN " 559 17)s Aol EApoAE FFEE glo]
o] 7hssich 729 vy 240 = X3 SIRIUS ¢1tof]
A= HCV 52321 19 tiid 1PdRisol] Sl A= ek
BIR}E0)| 4] sofosbuvir/ledipasvir/2]HHH] 2 34 23} sofosbuvir/
ledipasvir 2A4] 2. ¥S 125, 245 SVRS v|ws|qic) A4
o7 T oA B 90% o9 =2 SVRE HYlS B¢l
g 4= QJ3ItH28]. ELECTRON $--of| 4] sofosbuvir/ledipasvir/
glupa] 2l 34 23} sofosbuvir/GS-9669/2v1H] 2 34 QW
& 77t 65, 127 Folgh AL WL}t SVRI2E 717
100%, 92%3At}. 3}A]RL sofosbuvir/ledipasvir/2]HHH] 21 34 &
WS 65 Folg 290l AR ATRE 6% Aol
2IZ0] BHLE|R) oRe 7| 2|2 RS A AR sofosbuvis
ledipasvir/2]HH] ™ 3A] QH3} sofosbuvir/GS-9669/2]HH|H
34 20 B 100%0) AR B el Gl 5
W 74-2-ol+= sofosbuvir/ledipasvir/2|HHH] 2 34 QA 100%
of 45 g mylor} epuhulelo] AT F9 10%e] 74w
A2 e BHATH29]. 3 HCV 447 1§ 227 24}
647 S A C R SF YA E-S F34] sofosbuvir/ledipasvir
8 X|&, sofosbuvir/ledipasvir/2|HH|H 85 X| &, sofosbuvir/
ledipasvir 125+ X|&2E B35S W], 212} SVRE 94%, 93%,
95%= lE] o] 2221 HCV {34} 13 2A}e] 739 85
A== 7hFsgho] AAIEAL QUTH30].

JJEf Y FOl Z7 B
oo 273t AT SHAIS 2l = Merck (MSD)AFS] 7
2 ¥ 749 A EA9] MK series (MK-5172/MK-8742)%= u}o]
£ 22 oRlzo] Bo okRER A 34 QA Al 20|

e
H, &% sofosbuvirt} asunaprevir/daclatasvir 53} 4| 235
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