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Existing and potential anti-HBV drugs (up to January 2016)

Classification

Name

Mechanism

Clinical Phases

Developers

Nucleos(t)ide
and
nucleos(t)
ide

analogues

Interferon

Non-

nucleos(t)ide

analogues

Lamivudine(LMV)
Adefovir dipivoxil (ADV)
Entecavir (ETV)
Telbivudine (LdT)

Inhibiting HBV DNA replication
Inhibiting HBV DNA replication
Inhibiting HBV DNA replication
Inhibiting HBV DNA replication

Tenofovir disoproxil fumarate

(TDF)

Clevudine(CLV)

Besifovir(1.B80380)

Tenofoviralafenamide( TAF)
CMX157

AGX-1009
IFN-«
peglFN-a2a
Myrcludex-B
ZFNs
TALENs
CRISPR-Cas9
CCC-0975
CCC-0346

Inhibiting HBV DNA replication

Inhibiting HBV DNA replication

Inhibiting HBV DNA replication

Prodrug
Prodrug

Prodrug

Immune modulator
Immune modulator

Entry Inhibitor
Inactivating cccDNA
Inactivating cccDNA
Inactivating cccDNA
Blocking cccDNA synthesis
Blocking cccDNA synthesis

Lymphotoxin beta receptor ac-

tivator
ARC-520
ARB-1467
ALN-HBV
TKM-HBV

NVP-018

CPI-431-32
SCYX1454139
Bay 41-4109

GLS4

NVR-3778

AT-61 f1 AT130

Rep 2319-Ca

Degrading cccDNA

RNA interference
RNAinterference
RNAinterference
RNAinterference

Inhibiting cyclophilin

Inhibiting cyclophilin
Inhibiting cyclophilin

Degrading nucleocapsid
Degrading nucleocapsid

Degrading nucleocapsid

Inhibiting capsid assemble

Inhibiting HBsAg secretion

Approved by FDA in 1998
Approved by FDA in 2002
Approved by FDA in 2005
Approved by FDA in 2006

Approved by FDA in 2008

Approved in Korea and Philip-

pines

Phase [l

Phase [l
Phase II

Phase I in China
Approved by FDA in 1992
Approved by FDA in 2005
Phase 11

Preclinical

Preclinical

Preclinical

Preclinical

Preclinical
Phase I

Phase 11
Phase 11
Preclinical

Preclinical
Phase 1

Preclinical
Preclinical

Phase I
Phase II

Phase 11

Preclinical

Phase 11

GlaXoSmithkline
Gilead Science
Bristol-Myers Squibb

Novartis
Gilead Science

Bukwang Pharmaceu-
tical

Ildong Pharmaceuti-
cals and LG Life Sci-
enses

Gilead Science

Cantra Vir Pharma-
ceutical

Agenix

Merck

Genentech

Myr-GmbH

Arrowhead Research
Tekmira
Alnylam
Tekmira
Tekmira Pharmaceu-
ticals Corporation

Ciclofilin Pharma

AiCuris

Sunshine Lake Phar-
ma of HEC

Novira Therapeutics
Victorian  Infectious
Diseases Reference
Laboratory

REPLICor Inc
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Zide 1
Classification Name Mechanism Clinical Phases Developers
GS-9620 TLR-7 activator Phase 11 Gilead Science
STING agonist PRR activator Preclinical OnCore
Tekmira Pharmaceuticals Corpo-
CYT-003 TLR-9 activator Preclinical )
ration
SB9200 RIG-1and NOD-2 activator Phase II Spring Bank Pharmaceuticals
GS-4774 Therapeutic Vaccine Phase II Gilead Science
TG1050 Therapeutic Vaccine Phase 1 Trangene
Immune . .
ABX203 Therapeutic Vaccine Phase [ ABIVAX
modulators . . . .
GS-4774 Therapeutic Vaccine Phase 11 Gilead Science
INO-1800 Therapeutic Vaccine Phase I Inovio
DV-601 Therapeutic Vaccine Phase 1 Dynvax Technologies Corporation
NASVAC Therapeutic Vaccine Phase I CIGB

Restore adaptive immune

PD-1 and PD-L1 inhibitor
response

2.1 PHIEZBFiRE# NBFF4HAE

Myrcludex-B & M & JH 9 7 K A2 I 85 1 preSl
SRR AT A N A IR K B S A e T/ R
itk JH R HL 4 32 7 11 NTCP 32 4k . $F #5214 T A
BHL1E 20 JFF 998 2 308 A 400 DT 3kE G 1 5 7 4 41 i [R]
MRS AL REE . AL R A ST AE AR T
I3 BE (1400 141 570t RE A% HE 7] N'TCP 52 {4, 1 1 £ T 9
B DY, CPI-431-32 f1 SCYX1454139 & ¥f#1
WE A A A8 2R R AR A 3k
ARG 97 s B 2R H 2 B 9% G B Bk R A
(HBIG) kb #115) , HBsAg I 15 b R 3L 55 .

Rep2319, & —fp#Z% 8 £ B ¥ (nucleic polymer,
NAP) 58 2 B NAP ek Py S0 Re 4 il 15 2 JF-95 75
JRYLIT L AR B TT S PR B L A W, NAP B
A AR R 2 A% R e 4] A RO L AT A o A
BAF o7 i 2 o AR e A I I R A
Rep2319 B4 R B B P SRR 12 Mg
TIN5 N T Rep2319 254 20-24 Ji )5 .4 8
AN LT RS TR B 2 9% 3 RNAL SR 5 X 8
MRAERZ Z TR IRE o H A
A HBsAg B HBsAb Mg 6 ,
2.2 HMEAZHFRSEER

P 7 10 & T 88 &2 W06 38 5 F v — A~ 2 T g
EAHBARAE RNA 5] K005 5 i 25 405
Mo WG IR b A & B 259 K 4 2 % 1 25 el i
AR RIS %R PEA. &
i P& A48 TP XS X . RT X fll RNase H
DX, 3 5% SR GG AT P A H 455 3 pgRNAS by e 45
¥ 7E 18 BB 4 FAE R T TP 458 38K i FF 46 &
B4 AN TRIE AT R EEE NI 5 e M58 B

AL XT BRI A3 30 v 5 DR1 & 5 51 B AN EC X
i DNA & it. FDA it 09 bt 2 9% 3 09 4%
KA A HOK T E BT BB RS B R E
MBS e AR EFR CLAG T A 2
WU . LR # DNA & R B AT E 78 1E#
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WHHT S A G, 0 AW RS RE % 5 | S & e v
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MDY . N-T I A L% £ NN-DGJ & —
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3.1 EEXRERERS
3.1.1 TLR7 #3&ER

S6 K B P2 i g Ao A 28 W R e U A2
RS . an TLR, 4 TLR Z ARG L af, T4 R 8
i N SRR I D SR P APS R a7 R S N R U S S
A0 240 L AN A0 B RE P T Ibk 8 40 B ] B T S SR
B BEFE B PE . B R B TLR-7 MR 2 HE
AT M T 75 IR L 14 s AR PRI M A2 AR
FER G T B T RE R AL . GS-9620 J& —Ff
PEFEIE PR TLR7 0T 7 78 b Pk BN R 8 08 1
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AR B PR N TGS
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JH0G B % e o AEAS PE R e o AR v B O 7 T EE R
PG G0 LA RS2 R AE RGBT A i R b3k
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L0 R 2 W BHL 1k 10 2 AR R AR AT L PR
S HivE ) CD8+ T 40 MY D fe ., 42 T 20 M 344 5
20 6 R A0 R R 7 A I RE T A s ) 2 R
R U0 PD-1 SR A AR S R SE T A2 4K 1L fE
BB 396 200 it 3 T 0 A PD-L1 A B4R A L 78 3 S 4
il Z M, PD-1 (g il sE B 2, PD-1/PD-L1
50 RE 98 BH L AR AR IR E A s iy CD8+ T
2N A ) 2 B I RE
4 MNESRE

DL b 18 8 0 25 W A A8 AT DA o =2
() #8778 42 JR1 3005 (20 B 1) g £ 15 (3) i
T 25 50 K S 2 1 25 R 3 N PE B I B S T T A% A
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55 AP S B 25 1 1 2 U 8 A AR I YT A A
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R AR SR I DR i F 9% 2 i i 22 Pk K 490 e 4 R )
F2% R I R 2% UL IR 455 25 W) 1) A 801 88 kR I I Ak
WY R A 25 45 O T A R AR BB IR YT Ol 5
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Abstract;: The ultimate goal of chronic hepatitis B virus (HBV) therapy is full eradication of the virus from
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the liver. However, this is rarely achieved with the clinically available first-line agents (entecavir and teno-
fovir disoproxil fumarate) due to the inability to eliminate covalently closed circular DNA (cccDNA),
which persists in the nucleus of infected hepatocyte cells, and failure of the host to induce an adequate spe-
cific immune response to control the infection. Currently, the clinical treatment for chronic HBV infection
mainly includes nucleos(t)ide analogues (NAs). non-NAs and immune modulatory agents; however, each
agent has individual advantages and drawbacks. It is, therefore, extremely urgent to identify novel targets
involved in viral replication and develop novel anti-HBV drugs. In light of the breakthroughs in cccDNA
research and host immune treatments, this review aims to summarize the state of the recent HBV drug re-
search and development to highlight future therapeutic strategies to target the virus and host immune re-
sponse.
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