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The recent advance of direct anti-HBV drug candidates
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Abstract: Hepatitis B virus (HBV) infection is a serious global public health problem. Chronic hepatitis B virus
infection can cause health problems such as cirrhosis, liver metabolism disorders and hepatocellular carcinoma.
Nucloes(t)ide analogues and interferon drugs used to treat chronic HBV infection do not completely eradicate
covalently closed circular DNA (cccDNA) and integrated genome of HBV DNA, so that they cannot achieve the
functional cure of chronic HBV infection. Currently, a series of drugs targeting the phases of HBV lifecycle and
immunomodulators have entered clinical trials. Here, we review the current status of the therapeutic drugs as well

as the recent advance of direct antiviral agents.
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Figure 1 The hepatitis B virus (HBV) lifecycle in hepatocytes and drug targets
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Table 1 Summary of new entry inhibitor

RIFERBGIZ5M) . B AR LLKTE HBV A HDV 241
12 N A 7] myrcludex B (bulevirtide) (£ 1), /& —F i
HBYV 2 [H 2 F 1 ST 45 #1801 47 /> 2 5 12 41 B ) g g
PR S E ALK, AT DARTR AR S PR LR 58 S 45 &
NTCP M i #0197 8 32E A". Myrcludex B E.7E 2020 4F
AR IR R At H TR YT HBV/HDV A R 4 .

— T2 A FF B BE AL A P AT 55 TR ) T A
Ft (NCT02888106) 1, ¥fiti T myrcludex B Ik & PEG-
IFNa-2a 5 ¥ ] PEG-IFNa-2a ¥4 )7 18 1k 2 R IF %
G T BT R AV RIIT RO 22 A, TE 48 B, 80%
) myrcludex B 2 mg + PEG-IFNa-2a & # IfiLi& H k& il
ANF|HDV RNA, L # H myrcludex B 5 PEG-IFNa-
2a () LB, N R IR A (ALT) K IEH &R
F kAR A myrcludex B 2 mg H U B L (73.3%),
46.7% myrcludex B 2 mg + PEG-IFNa-2a 180 pg 8 ¥
HBsAg /K F R[4 (> 1 logl0 TU-mL™"), Bl 25357 41
ToARAI 72 I, A BT myrcludex B 697 (534
vs 152 f9l), PEG-IFNa-2a I A B BNOR A 28 8 s .
it 40% M TR IR FEAN BB, 20 el I R 1
o< Hp AL A B 9 /N AR D2 2 sk 2D R ALT
T, B, — W2 dol JF bR % BEAL TG R
Fi (NCT03852719) IELEHEAT H, & 7E ¥4 myrcludex B
XTI R T RO 22 4 i, T 2024 4E 7
H5e il

i H, 4Bk AN X HBV ATHDV ) iR NTCP
) 77 A2342 Tk N I R BRI 9T B B, A Ak S 56 3% W
A2342 B LA R 30 1) NTCP JH R 1) 55 3 3% 1, 16
AN B T 248 JH 3 12 P R 52 N RE 98 A RGP 1k HBV #E AN
PHFAN AR, Tt 2022 45 T e THAIG RAFF 75 .
32 REZBEIFIF L9 EROR 1A 58 2 i
HBcAg 2 I — - A4 45 4, £ 25 45 rcDNA.  [F B,

Drug Company Study type

Study result Adverse event NCT

Myrcludex B Hepateral Phase II, multi-center, open-label,
(bulevirtide) Ltd. randomized clinical study to assess
efficacy and safety of myrcludex B (2, 5,
10 mg) safety in combination with
tenofovir compared to tenofovir alone in

patients with chronic hepatitis D

Phase II, randomized, open-label substudy All chronically infected patients

of daily myrcludex B plus PEG-IFNa-2a
in patients with HBeAg negative chronic
HBYV co-infected with HDV

Phase II, randomized, comparative,
parallel-arm study to assess efficacy and
safety of myrcludex B in combination
with PEG-IFNa-2a versus PEG-IFNa-2a

HDYV RNA negativation or decrease
were observed in patients receiving
myrcludex B and tenofovir. Hepatic
cirrhosis was improved in receiving

in patients receiving myrcludex B in
combination with PEG-IFNa-2a. No
significative decrease in HBV DNA
alone in CHB patients levels

Blood and lymphatic 03546621
system disorders, total bile
acids increase, and ALT

increase

myrcludex B 5 mg or 10 mg

Blood and lymphatic 02637999

experienced reductions in serum HDV  system disorders, AST and
RNA level

ALT increase, and
influenza like illness

HBsAg levels reduction was observed Neutripenia, influenza like 02888106

illness, thrombocytopenia,
and total bile acids increase
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16 R R RIEFEZA BT, KT 5 T AL 52 A
WE A AH ELAE FHALEI AT 40 R 2, — K20 EH R
W, AT LS SR AR SRR T, LAk O T A M e
(HAP) N ) GLS4 Al Bay 41-4109; 75 — 28 4K 5%
S AT, G0 2RI DA AR I I (PPA) BICZ Tk Pt B R R

Table 2 Summary of new core protein allosteric modulators

Mtz (SBA), AR M 7 259 H NVR-3-778 . AB-423
AT-130.JNJ-632!'"7,

FEZR A2 B EAE R GLS4, & — ML &
JHF 995 B3 4K 52 2 1) S 0 Bk A E AT AR, T
& S AR TR M, 120 mg GLS4 4524528 K G,
75% (18/24) HFH HBA R B, £ 4 ALT Ft &, KK
A= ™ 5 AEs 1) 5 % 3L HBV DNA Al RNA 7K - B# I,
JCH RAR T FE 4 ALT K1 5 5 g™, o, £ —

Drug Company Study type Study result Adverse event NCT
GLS4 Sunshine Lake Phase I, single-center, open label clinical HBV DNA levels were decreased AST and ALT elevation 04551261
Pharma Co., study to evaluate the pharmacokinetic by -1.42 logl0 IU-mL",
Ltd. character of GLS4 combined with RTV ~ -2.13 log10 IU-mL" and
or TAF alone or GLS4 and RTV and -3.510g10 TU-mL" respectively
TAF combination administration in for 28 days
healthy subjects
Phase II clinical study to evaluate the The antiviral efficacy of ALT elevation and 04147208
safety, tolerability, and antiviral activity =~ combination therapy of GLS4/ hypertriglyceridemia
of GLS4 with RTV in combination with ~ RTV with ETV was remarkably
ETV in comparison with ETV alone in superior to ETV alone
CHB patients
RO7049389  Hoffmann-La  Phase I clinical study to investigate the RO7049389 was safe and well Headache, diarrhoea, 02952924
Roche safety, tolerability, pharmacokinetics tolerated and demonstrated upper respiratory tract
and pharmacodynamics of single and antiviral activity over 4 weeks in  infection, ALT elevation,
multiple doses of RO7049389 in healthy CHB patients and AST elevation
volunteers and CHB participants
ZM-H1505R  Shanghai Phase I, randomized, double-blind, Multiple doses of up to 300 mg of Gastrointestinal 04220801
Zhimeng placebo-controlled study following oral ~ ZM-H1505R were safe and well  disorders
Biopharma, Inc. administration in healthy subjects to tolerated in healthy subjects
evaluate the safety, tolerability, and
pharmacokinetics of ZM-H1505R
ALG-000184  Aligos Phase I, double-blind, randomized, ALG-000184 was safe, well ALT elevation 04536337
Therapeutics placebo-controlled study to evaluate tolerated and with no food effect,
safety, tolerability, pharmacokinetics at single oral doses up to 500 mg
and pharmacodynamic in healthy in healthy volunteers
volunteers and CHB patients
JNJ-64530440 Alios Phase I, double-blind, randomized, INJ-0440 750 mg once-daily or ALT increase, blood 03439488
(JNJ-0440) Biopharma Inc. placebo-controlled study of orally twice-daily for 28 days was well ~ potassium increase,
administered JNJ-0440 to evaluate the tolerated and achieved anti-HBV  neutrophil count
safety, tolerability, and pharmacokinetics activity in CHB patients decrease, and headache
after single ascending doses in healthy
subjects and CHB subjects
ABI-H0731 Assembly Phase Ila, multi-center, double-blind, Declines of HBY DNA and RNA  Upper respiratory tract 03577171
(vebicorvir)  Biosciences placebo-controlled study to evaluate levels were more evident in the infection, nervous
ABI-H0731 + ETV and ETV alone for association therapy groups than system disorders, and
the treatment of CHB patients with ETV alone skin and subcutaneous
tissue disorders
Phase Ila, multi-center, double-blind, ABI-HO0731 was demonstrated a ~ Blood and lymphatic 03576066
placebo-controlled study to evaluate favourable safety and tolerability  system disorders,
ABI-HO0731 as adjunctive therapy in profile for 24 weeks gastrointestinal
virally-suppressed CHB patients disorders, and upper
respiratory tract infection
Phase Ila, multi-center, single-blind, ABI-HO0731 was well tolerated HBV DNA and RNA 04454567

placebo-controlled study to evaluate
treatment intensification with ABI-H0731
in CHB patients

and achieved anti-HBV activity in
CHB patients

levels were rebounded
immediately after
withdrawal ABI-H0731
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Continued
Drug Company Study type Study result Adverse event NCT
ABI-H2158  Assembly Phase I study of the safety, tolerability, ABI-H2158 had good safety and ~ ALT elevation and 03714152
Biosciences pharmacokinetics, and food effect of met the safety standard of once-  hypertriglyceridemia
ABI-H2158 in healthy volunteers and daily dosing
CHB patients
Phase Ila, multicenter, single-blind, Assembly Biosciences Grade 3/4 elevations in 04398134
placebo-controlled, multiple cohort study discontinued development of ALT
to evaluate ABI-H2158-containing hepatitis drug ABI-H2158
regimens in CHB patients
NVR-3-778  Novira Phase Ib, dose-ranging study to assess The mean reduction in HBV RNA Fatigue, influenza-type 02401737
Therapeutics,  the safety, pharmacokinetics and initial was also greatest in the group illness, and injection
Inc. antiviral efficacy of NVR 3-778 in given NVR 3-778 + PEG-IFN site erythema
patients with HBeAg-positive CHB compared with the groups given
infection NVR 3-778 or PEG-IFN alone
JNJ-56136379 Janssen Phase Ila, randomized, partially-blind, The mean reduction in HBsAg There were no 03361956
(JNJ-6379) Research & placebo-controlled study to assess the was 0.4 log10 IU-mL" in the discontinuations and no
Development, efficacy, safety, and pharmacokinetics group given JNJ-6379 + pattern of dose-related
LLC of treatment with multiple doses of JNJ-  nucleos(t)ide analog adverse effects with
6379 as monotherapy and in combination INJ-6379
with a nucleos(t)ide analog in CHB
subjects
GST-HG141  Fujian Phase Ia, single-center, randomized, GST-HG141 was well-tolerated ~ Renal and urinary 04386915
Cosunter double-blind, placebo-controlled clinical in healthy subjects disorders, neutropenia,
Pharmaceutical trial to evaluate the tolerability and and hypertriglyceridemia
Co. Ltd. pharmacokinetics of GST-HG141 in
healthy subjects
QL-007 Qilu Phase II, open-label study to evaluate Not available Not available 04157257

Pharmaceutical safety and efficacy of QL-007 tablets in

Co., Ltd. combination with ETV or TFV in CHB

patients

1 7 b b W 52 31 HBsAg HBeAg Fll HBerAg ¥ 2D
— I PFAd GLS4/RTV + ETV (K] 22 4 M (T 32 1 A1 59
BEWE I G TR PR 06 (NCTO04147208) IELEHF 50+,
b I 7t 45 L B, GLS4/RTV + ETV J5 R [R5 7 3L
R EAT ETV 250097, SCRE T i — B0 A& 1897
[ s RE SRS, Bl ZAFCRE T —
T2 A0 AL BUE AT 22 BRGS0
55, LAVEAl GLS4/RTV 5% T R4 W& H 25 77 £ A1E
CHB B A A 2 sk, £ EMEARIR NIRTT
48 i J5 3 [f HBV DNA 15 ..

HH Roche fill 25 22 &) F /& 1 HBV # 0 8 H 7 44
1771 RO7049389, 1] L5 3 7 & HBcAg Z &K 1B
&, 5 B BB A 58 2 B 3 T P HBY &, [
B, Z 2P AT e e 320 HBV I i B o 7E Mk ob
21 i 044 A S A0 AL 1R 5E H, RO7049389 % HBV &
B B ESIER . — DN B % 2B I
F/ 2 ) Bk 3 ) Ta S I PR AE FE (NCT02952924), vF
il RO7049389 7 1 ¢ & 8 5 S 12 1t 2 58 v i) 22
A i S22 AEN T AU R . ROT7049389
X RS2 iR B R 2 A MR A 52 1, AE K
W SC T B R GE, I B CYP3A R A % 55

(<20%)", RLIEIT I HBeAg P4 A1 BA 14 CHB & %
$ %2 4 A /{1 RO7049389 (200~1 000 mg) Y 2 & 734
7 J5, DU EE 1R AR, (0 A H B 5 2 =Y. H
T, — T 3% Fl RO7049389 + RO7020531 + 1% £ 2K 254
WG FH 24 07 S0t JHE 1y g 5 4 EL TG W S5 41 kAR AL
) CHB 38 122 4 1t T 52 11 AR R0 9 T i PRk
¥ (NCT04225715) IEfEHEAT .

ZM-H1505R, 1y —Fi B A 5 B it e 25 4 1) /0 o
T HBV K AR 17, heE Fig R R A
FRAR B E KR, B R ZHO0 T 1288 K HBV K
FCU TN 25 1 HBYV A48 5 B W& . B b, £ — Wik
BLAUE 2B R 5/ 2 57 26 38 (SAD/MAD) 11
Wl PRAE 2 (NCT04220801) H1, 76 fd {52 ik 3 1 5
P ZM-H1505R {22 4 1 (i 22 1 F1 25403 1% . 1
S 14 K H IR 25 75,150 2% 300 mg # 1], ZM-
H1505R # & I 22 4> HLit 52 v R Uf . 2 &% T ZM-
HI1505R J&, &3 I3 AUC F1 C,, PAF & & e il 1) 77
AIhN. 300 mg Y ZM-H1505R 7 fd 5 & e 3 b & %
A H 52 1 R4, H AT ER AN 180 O B & &
HETT .

ALG-000184 /& Aligos 2 7] A 7¢ 41 2% 18 5 7] %
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%250, R BIE P 49 B 14K 5 20 26 R
BN AL, S BB 2975 5 ORI i, M 40 1)
IR R . MR NTHTIAZY), ALG-000184 H A7 B i
HIZK I B i B I Ve, /N BRUBEZRY m Vs R IS - 54k
AR ALG-001075% 75 {g Rl 38 I8 5 A8k 2 %2
W VRN B 2 R4 205 2 A e T 2 M L 2 AR
B 15N 25 3505 1 TG R F 78 (NCT04536337) 1E7E
AT . MR 2021 45 3% [ 0 2 2 2 iRiE, ALG-
000184 100 mg 45 2 28 K J fiif 52 14 [ 4, 2R It mf T
W 254830 7 % e 1, I 5 802 # CHB %2 i # HBV
DNA F1 RNA /K P& T LLOQ. H i, 1IE7E %} HBeAg
[ P 3238 31T ALG-000184 10 mg 7 & 1FAS .

INJ-64530440 (JNJ-0440) /& Janssen 23 7] it N —3#K
IEFERHAT A 5 T80 2 BB 98 VR T A e 2 25 1
A, Befl Z R A e e . — TR HL W E
F 565 B 1 T PR IF 78 (NCT03439488) #B40 AF 7T &5 R
Wir, fE ARG R, BT E (50 mg B4 000 mg) Al
Z U B (750 mg B H — XL IR, B2 000 mg
H—%) 1 INJ-0440 B A R UF 1 32 7, HR KA
P H AN R A IR T R B BT A PR ) E . B
J& 7E CHB & 3 v E AT K0k 28 K11 Ib B4k, INJ-
0440 750 mg % i fif 52 4 R 4F, I 3 F HBV DNA Al
HBV RNA 28 . 35 PR IG, B8 R W 82 2™ &= 1) A
3, EERIE ST ALT FH i R R gn i 30T %
RIS R BEAS R R,

ABI-H0731 (vebicorvir) & Assembly Biosciences
FF R B T 97 CHB [ 55 — X HBV A% 0 30 1] 77
RAMIT T 2R € T ABI-HO0731 748 HBV & il & 1A dh )
Z AN T, HonT DU 240 HBV RNA F1HBV DNA
TEA 7o 1 A 2%, 3k v] DL FE I HBV & 4L Y] HepG2-
NTCP 48 Jffi 1 HBeAg Al HBsAg [ 77 4%, — 17 I1a 3
Z ity U R R E A 78 (NCT03577171), 2 12
J& i), ABI-HO731 + ETV 41 & % HBV DNA A1 RNA
Flg R K. H AT, B4 3) Ha ] =307 v I Rk
5, WF ¢ 7 [ AL 4% ABI-HO731 + NUC 5 HiAth B 4L
#1454 L ABI-H0731 + NUC + PEG-IFNa.ABI-H0731 +
NUC + AB-729.

ABI-H2158 s& Assembly 2 & 55 —ACH 2% 0 )
il 37 3% 25 . T FEAIE BH 7F 300 mg QD & A& 45 25 i,
ABI-H2158 7 4709 2 4101 il F1 7l Bj cccDNA 2 37 {11
J7 T B B SRR, R 1% 1 T R, 2 44 %5 32 ABI-
H2158 16T A I T 4 L ALT F+ &1, 2 %452 ABI-
H2158 /697 35 B T 3 2% ALT Jt &, ABI-H2158
B A 7 E I R P T AR A R R R R E

NVR-3-778 +& & AN #E HBV & 4 2 3% iE B A 1

5 BRI R TS AR SR L B R ) . A — R R
FEOR W AT A, B S A% R IER A 4SS G
7 A B T R B[R] ER) 0 I A, AT DA 0 A e
HBV DNA J 5 Fki 1 7= 4, B PR &L ) (BC,, =
0.40 pmol-L™), i #1011 pgRNA 1 i 95 75 & 1) Al 7= 2E
HBV DNA l HBV RNA Fiifi™ . 7E 5 A7 A J5 46 iE
[ HBV &4 /N B i NVR-3-778 JE 7~ 1 B 4L
J9 #0515 PEG-IFNa BE & 18 F LE S 8l A ETV 52
AEBH 197 75 E 4 F1 HBV RNA = 4E2, 7 HBeAg FH 1
(1) 12 1 HBV J& % &8 35 19 13 B 70 (NCT02112799.
NCT02401737) #1, NVR-3-778 5 PEG-IFNa I &1 F i,
A DAK I 5 b P 1% HBV DNA (1.97 log10 TU-mL™")
FIHBV RNA (2.09 log10 TU-mL™") 7KF-5,

INJ-56136379 (INJ-6379) £ 1 i G K WF 7%
(NCT02662712) 1, 56% (23/41) & F§ INJ-6379 (25
75,150 85250 mg) & AR IT AT H 2 /0 1A
R FAT, 1M 63% (10/16) A F 22 &7 ) 3 Ve 77 W) H
MEDIADARNRFEM, BT R ENAR
HAEPY, F HBeAg BH 14 AT F 14 ) £ 25 ) INT-6379 B
A R 52 PR SR R B 1Y A Bl kg
FF 2250, INJ-6379 250 mg + B FF 2R 25 W0iA )7 S 3
KA I I HBeAg FBH M B 34 7K N HBsAg T 44 F [%
0.4 logl0 TU-mL". DA L 50 $0 48 SCRF 17 IEAEBEAT 1
INJ-6379 + INJ-3989 + % 1 2 254 11 H| REEF-1 #ff 7t
(NCT03982186) 4k 21T Ak . H A, — Wi FF bR 25 5
1. % W0 TTHIHEFE (NCT04667104), PFf INJ-3989 +
JNJ-6379 + PEG-IFNa-2a + % B L &6 7 CHB
TR 10 2 AV A R T 52 M K 25 AR Bh ) R IR
TEHATH

GST-HG141 J& B A& 2 | A= 5 245 L i 4 A7 PR A =]
H B R 1 — R B 0k HBV 4K 5% % e 40 1 71 .
GST-HG141 7] LUK HBV A% 0 88 [ 4135, 78 I PR il
25302 E W A R B B IR U BV 1 A HBV DNA
P (EC,,=0.93 £ 0.11 pumol-L™). £ 55 Ak 5%
i (AAV) BRI i GST-HG141 2524 28 K J&, /)N R
& (—~3.0 1og10 TU-mL™") A1 AFIE (0.9 logl0 TU-mL™")
HBV DNA 7KV 2 2 FEAK . — TURUE JBE AL 22 B 5500t
8 Ta AW 5% (NCT04536337), GST-HG 141 7E f )3 32 1
g A RN S R, LA RS R PR IR
I3 WUEF AT T B b okr g 5 R B4, R RIS
FIEA KA R PLE 453Nl GST-HG 141
X CHB 3897 2001 Ib W11l R 1A 58 (NCT04868981) 2
it 7 X

QL-007 #2& 55 25 M BF 2 (1) 3 B 4K 5% B 1 00 i) 771,
FFE X N2z A A — e 7 3%, C &R 13 21 [E &K 24
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i B R R T R I K ES . QL-007 EE 5 Y
BT — 2 1% R R AU B A, LTI 2 21 3 [ 441 i) HBV
SHVER . H AT, QL-007 + TDF Bk & F 25 77 /16
CHB £ #1122 4 Ve AVA R0 1 — U T8RS 25 113
71 (NCT04157257) IEAEBEAT .

3.3 RNAFHZE RNA FHHEAEZLELHE T mRNA
Bé fie R 30 1F 100 1), Y2 2 BRI HBsAg /K ~F, 3 M #7 1
HBV {15 il 16 R f 1% 1 A et 50 1 16 97 v
+a . Bir, T B IT I RNA T EY)

PUREE R

ARB-001467 (ARB-1467) J& — Ff fi5 Jii 4% >k i ki
(LNP), 38 i $8 ) 955 B 2 K 4 b = AN AR H s B AR =
FIAL A, 3T 0] B cccDNA A1 4 DNA 7= 4E it HBV
HEAMFEREER. £ -DRE . 2EFIX R 205
Ia #1356 (NCT02631096) H, 76 AF AT A AL 9% 5
0 0 52 3R 3 HH PP AS ARB-1467 A1 12 J& 1) 22 4= 1 Al
BHRME . EREFYW, BT SR L et i s v KA,
1E — L6 B 2 b ) 82 5 HBcAg Al HBV RNA /b, {HAX

(3 3) IEAL T T s I RO 7T o, O Bt R4 1Y A /0BG 6T ARB-1467 3R 13 547 M. %5, 2 B0 50
Table 3 Summary of RNA interferences
Drug Company Study type Study result Adverse event NCT
AB-729 Arbutus Phase II, randomized, open-label, multicenter Not available Not available 04980482
Biopharma study to investigate AB-729, nucleos(t)ide
Corporation analogue and PEG-IFNa-2a treatment in
CHB subjects
ARB-001467 Arbutus Phase Ila, single-blind, randomized, placebo- All subjects experienced a mean Mild adverse events 02631096
Biopharma controlled study to evaluate the safety, anti- 1.4 logl0 IU-mL" reduction in
Corporation HBYV activity, and pharmacokinetics of HBsAg levels
ARB-001467 in CHB subjects receiving
nucleos(t)ide analogue therapy
GSK3228836 GlaxoSmithKline Phase II, open label, single arm study to Not available Not available 04544956
(bepirovirsen) mechanistically interrogate the therapeutic
effect of GSK3228836 in CHB patients
Phase I, double-blinded, randomized, HBV DNA and HBsAg Blood and lymphatic 02981602
placebo-controlled, dose-escalation study to  reductions were obvious in system disorders,
examine the safety, tolerability, patients receiving GSK3228836 and gastrointestinal
pharmacokinetics and antiviral activity of 300 mg disorders
GSK3228836 in CHB patients
VIR-2218 Vir Phase I/1I, randomized, placebo-controlled Decline in level of HBsAg was  Mild adverse events 03672188
Biotechnology,  study to evaluate the safety, tolerability, observed in CHB patients
Inc. pharmacokinetics, and antiviral activity of receiving VIR-2218 within
VIR-2218 36 weeks
INJ-73763989 Arrowhead Phase I, single-dose, open-label, parallel- A single 200 mg dose of JNJ- Thrombocytopenia 04208386
(ARO-HBV) Pharmaceuticals  group study to evaluate the effect of hepatic ~ 3989 was in general safe and
impairment on the pharmacokinetics of INJ-  well-tolerated in participants
3989 with and without moderate
hepatic impairment
Phase IIb, randomized, double blind, placebo- The combination therapy was ALT elevationand 04129554
controlled study to evaluate efficacy, well tolerated and decline of respiratory tract
pharmacokinetics, and safety of INJ 3989 +  HBsAg was observed in CHB  infection
JNJ 6379 + nucleos(t)ide analog regimen in  patients
CHB participants
Phase IIb, multicenter, double-blind, active- HBsAg change from baseline ALT elevation and 03982186
controlled, randomized study to investigate ~ was —2.6 log10 IU-mL" in rhabdomyolysis
the efficacy and safety of different patients receiving JNJ-3989
combination regimens including JNJ-3989 200 mg
and/or JNJ-6379 for CHB infection
ARC-520 Arrowhead Phase I, randomized, double-blind, placebo- It was safe and tolerated well in  Mild adverse events 01872065
Pharmaceuticals  controlled, dose-escalating study to evaluate  healthy volunteers receiving
the safety, tolerability and pharmacokinetics 2 mg-kg"' ARC-520
of ARC-520 in healthy volunteers
Phase II, multicenter study to determine the  Declines of HBsAg levels were ~ Gastrointestinal 02065336

depth and duration of HBsAg reduction after
single or multiple doses of ARC-520, in
combination with ETV in CHB patients

more evident in HBeAg-positive
patients

disorders, influenza
like illness, and
metabolism disorders
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HARSEHL TG IT Hbr. R, Arbutus 24 7 5 A AS
2 Yk SR N A3 X ARB-1467 BF 58, 4 B 58 5 50 %% 1)
% 4 RNAi 25%) AB-729.

AB-729 #& Arbutus Biopharma 2\ & 1E 7€ I K [ —
A N- B FUPE % (GalNAc) I 1) /i & RNA T3
TERE 2 Fr 25, v] BH 6445 HBx 1) i /5 HBV RNA %%
S, AT A ) 2 P96 1 5200 RN BT A 0 2 TR 1 K
Vo WERE B, HE A2 AB-729 )5, HBsAg /KRR 4L
5N B, 74% (25/34) 2 5 AW FC K CHB 3 #6
5% T HBsAg < 100 ITU-mL". 7E352 84 (7R) 2214
BT e E 52 K5, 4 AB-729 )5, 2R I
HBsAg KSR R FEEMR /KR, H R, AB-729 IE#ET £
T 24 1 Ta B RS 1, 46 AB-729 + #1285/
PEG-IFNa-2a.AB-729 + vebicorvir + #% 125 .AB-729 +
ATI-2173 + TDF.AB-729 + VTP-300 + %17,

GSK3228836 (bepirovirsen, ISIS 505358) #& &
HER B WA (GSK) IEAEFF R I — k= ST
2, AT AT N- B FUBE 2 (GalNAc) 45 &, i@ i 4
i 3R 0K 1) 2 MR VR R M AR (1 Ik AT . — TONE B
ML 22 B 70) 6 W8 L 77 B 356 189 11 99T 7T (NC'T02981602)
b, R T 22 BRI 6 R 2H, GSK3228836 300 mg 1 77 &
H P AR B2 VR T I B IS Hh HBsAg ATHBV DNA
KPR ZEFEL (> 1 1ogl0 TU-mL™"), KZ R/ ERR
FHA, W B AR RIFHEIT ROR, £ 2] HBsAg
8 HBV DNA, 1% 1L 97 5, H L, 9% o HBsAg
ETb. XL FT Al R I GSK3228836 H A BT 1) %
A, 2 A R I T AR R AR 4 A AR
Hodk— P A, B AT, — B £ X GSK3228836 1E
HBeAg B 1 CHB & # o 4% F 5 5 iR 44t o gl it 47 A
SE KA IR 9T BIR TT LI 2 A0 R T30S 28 1) Ta BHER &R
PERFSE (NCT04544956) IEESE T,

VIR-2218 /& — 7 H Alnylam 1 Vir Biotechnology
N T A AERE R G RNAL 2 21T 37 25, # R T &
RGP BRI e . VIR-2218 7R R &
JE 3 R BN R IR 2530 ) R, RIS HBV
Y R R R RS R EDY . 7R —TLEAE AT
FR) S T8Ob 25 ) 11 B I R AF 7 (NCT04412863) i, 5
VIR-2218 #1254 97 M tL, VIR-2218 5 PEG-IFNa B &
FHZ52H I ALT i 1) iR 5 5 2 H HBsAg N B 5 R
B8, CFHIE N 2.9 logl0 TU-mL! 7, %8 5t 45 5 5
FF 1 VIR-2218 B 40 25 3% P v] DLIE I G0 72 18 45 77
PEG-IFNa 3K 3 55 AR 1%

INJ-3763989 (JNJ-3989, ARO-HBV) Hi Arrowhead
F Janssen 2 7 S AE T K, i@ 35 5 8 = 3 R 24 )5 1)
95 BEAC ST I A, AT A 2T 2 . fE— T A

O F B FE 0 T #8772 (NCT03982186) H, 1 H
JNJ-3989 200 mg (1 A & 2H) 48 Ji J&, 19.1% 1%
B IE B 2 E A S, HBsAg /K F M 3 28 T 4% 0 FF 5%
K (2.6 logl0 TU-mL™"), 74.7% K] & # ik 5] HBsAg <
100 IU-mL" B, H#, ¥ S AR AE FHLE] ) INJ-3989
a2 5 R IETE T .

ARC-520 /& i1 Arrowhead 28 &) JT & I & 3 0 T
CHB 97 JF 3 NI ARG 1 RNA T3l 7). 76— T
EEXTE N8R KRBT I 22 A M0 72, W 5% 2]
EX1 25 245 ) 71 2 A S a B8 14, Z 259056 IR ™ 5 1)
MM LIE. EH, GuptaZEP R T — AN 2 E 4
BN I 5 - 25 ROE R, IEAE R HBV 31 7 5 5080 %
HEAT S UE, M E24% 52 ARC-520 1677 ) HBeAg [A % f %
A& 4 HBV DNA.HBsAg Al HBeAg /K *F-. 45 %1,
BT ) ARC-520 76 55 1 K301 #] HBsAg fll HBeAg i)
B R AR I 96%, FFAE 1~4 4 F 3B 25 & 50%.
L7 5 ) ARC-520 Fl ETV % HBV DNA [ 411 il 7K °F
b 5 B R) A A R 2 4R E 1Y, T 0B T 99.8% . Rl U,
ETV /I 5 7 HBV DNA [ £ 4 T, ARC-520 v 5 [
HBsAg fll HBeAg # I 14 ) P o 1% B 4B AE 42 m] R
B F 9745 1E 7R 3E 47 19 H T HBV B G 1) RNAI 259 FF
K, BT RNAJT A 7] BE 2 [ {8 HBsAg /K P 3% 3
heetE A &,

RG6346 (RO7445482, DCR-HBVS) /& Dicerna
Pharmaceuticals A 7 5 Roche A &) IEAESTE T KT
CHB JAJT ) — P 7 B GalXC™ RNAi 7. Ib/lla
I AR R 56w A W %% 21 7 E AR RS B R B
P, R W RG6346 7477 HBeAg B ol [ 1 5 B fhk /g 22
A HBA R 52, 7T S80S HBsAg /K -F 53
KR AT R, T, Roche A & B2 4T & T RG6346
1R IT HBV B (1) 1A A 58 (NCT04225715), #40F
i RG6346 5 Z Fh B A A [FAE AL (1) oAb 25 Bk &
S FH A B Al 2241k . 2021463 H, ©/83) 7 RG6346
R R e SR R AT A A R, S A
75 ) 1) CPAM 1 41| 7] 2% TLR7 #4575 5% PEG-IFNa-2a
HHAT =BT VR T
3.4 HBsAg#IHIF HAT, 48K T HBsAg M H#E AT
MITEWT B 24 (3R 4) v B AL T I PRI 75 B B, 3 ¥
H— AW HBsAg 2593k 4tk Bl . B D71, 3%
A T A 2 A A PR A | ) — 2K HBsAg #11 i 711
GST-HG131, IEZHAT VI RAF 7S b o [E 4077 1, LA
HBsAg B BUNHE 55 A7E 2594 Aligos Therapeutics 22
A B — 3K S-PU R s | A T IR A ) (STOPS™ 4
) ALG-010133, IE7E#EAT Ib B R B 5T+ ; Replicor
A W] ) REP2139/2165, H HI B AT IELEHEAT 1T BIEC A 25
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Table 4 Summary of HBsAg release inhibitors

Drug Company Study type Study result Adverse event NCT
GST-HG131 Fujian Cosunter Phase I, single-center, randomized, double- Not available Not available 04499443
Pharmaceutical blind, placebo-controlled clinical trial to
Co. Ltd. evaluate the safety, tolerability and
pharmacokinetics of GST-HG131 in healthy
subjects
REP Replicor Inc. Phase II study to evaluate safety and efficacy = Long-term safety of REP 2139-Ca + ALT elevation 02233075
2139-Ca of combination treatment with REP 2139-Ca ~ PEG-IFNa-2a was observed in and
and Pegasys™ in patients with HBV/HDV co-  patients with HBV/HDV co-infection thrombocytopenia
infection
REP Replicor Inc. Phase II, open-label, randomized, active The safety and tolerability were well ALT, AST and 02565719
2139-Mg controlled study to evaluate REP 2139-Mg and in CHB subjects receiving REP GGT elevation
REP 2165-Mg combination therapy in CHB 2139-Mg + TDF + PEG-IFNa-2a
subjects (90 ng)
ALG-010133 Aligos Phase I, double-blind, randomized, placebo- No significative reduction on Diarrhoea, 04485663
Therapeutics controlled study of ALG-010133 drug to HBsAg levels in healthy volunteers — erythema,
evaluate safety, tolerability, pharmacokinetics  receiving ALG-010133 at 400 mg headache and

and pharmacodynamics after single and

multiple doses in healthy volunteers and CHB

subjects

dose level. And Aligos announced nausea
termination of clinical development

of ALG-010133

2yl R T

GST-HG131 /& 4@ ) A= 5 250 i 4 A R A 7
H AR ER X HBV 5 K R0 (1) /8 43 7 il 77, ] B
4 HBsAg 7> W, 5 TENT4B 45 & A1 30 1) i3k 17 5 2
HBV mRNA £ R H 1R R 4055, AT Ak . F
BT B IR AE AT R ) HBV i R 2 0k 41 1)
7, "&£ AAV-HBV /s B Y o m] DL 25 [ K HBsAg
FITHBV DNA [{7KF, FAT R AEF AR S 25 1% AT
Z M, H AT, GST-HG131 7E {g B 28 38 5 b0 (B
BLXUE 22 B 7Rk B Ta I PR X3S (NCT04499443)
o, AT A LT 2 M AN 2B ) A A

Replicor 24 & () REP 2139, AJ e kB i) AR 4% etk
293 75 11 S99 75 JURE 40 285 58 43 b, 48775 L1 HBsAg
B, e W FUEY], REP 2139 7] LB #5155 T Y
R R #B PR (HDAg) AH BAE I, 1X 5 Ho A 52 1% 1R
5 HDAg B E 5 5 M AH AR F & — BUm™. 7218 1%
HDV/HDV & H B G4 (1) -4k & 2 71, REP 2139-Mg +
TDF + PEG-IFNa 90 pg k& H 2577 52 7l S 3 HBsAg
T BRI I0 VR 9T I B T B DA A HBV ATHDV 1)
heetkia @™,

ALG-010133 /2 — MR LA SEZ H IR HH HBsAg
2 FEZERE S (STOPSM™) 431 . HAl, IE
FEHEAT VAU BE B« 22 750 % B 75 RO R 48 24 1
NAHF 7T (NCT04485663), LAVF-fh 75 ft JE & 8 %% .CHB
S TP R 2 ) B Y S R A I 2 L 2B )
FRYRFRE. BTN, CEH 72 &g R ER
T2 ALG-010133 J8 97, ALG-010133 .71 1 200 mg
2575 180 mg ¥R YT 3 Fl 5 s A v A2 1) 22 4

PRI 2R Bh Ty 5, R BB EA R FE S 80T
AT 25 AN RS, G R T7E CHB 2 gt — B i
Fo ML H, A FEIRIE ALG-010133 76 U 45 2577 &
400 mg (% 757KV EC,, 11 3 fi5) JL-F- JCF# 1k HBsAg
P, U5 AT A & 600 mg LTS BE FE AR 90%
(1log10 IU-mL™") HBsAg, i 1] Aligos 2\ & ‘& Afi ¢ 1k X}
ALG-010133 /1l AR %
3.5 cccDNAHDEIFI  1E N HBV 5 55 Al A il O B AR,
cccDNA I8 LA 25 % sUAEE T AT 40 iz b . H Al i
TVRIT T B % cccDNA BK A UTER cccDNA, A 6
LS HUE Y AT RE R . T HBAETR T
], cccDNA 1l 771 7T 43 Sy B 5 35 K] 4 8 91 2 WLk A%
B3] K DNA 26 R i) <5147,

PBGENE-HBYV & H1 Precision BioSciences 2 7] &
T ARCUS - & I K — Mo B I R 8 25 . AEIX
T I8 PR BB 9T R, ARCUS ~F & A 25 M 0 15) 3 B& fiR
HBV cccDNA, Hff HBV 8¢ 4 i) J& A% N BT 41 i (1)
HBsAg %15 T % 77%. RN RIFR T —F/N B
JENFR KPR, K55 HBV 2 41 AAV
E N cccDNA [ % AR 9 LAVl ARCUS 1 & 4K Py &
P, R I R B0 LA R AAV $5 DU 25 kb, R
R AAV H A ) G 4, /D SRS o HBsA g 7K P RF4E
UL 96% Y, HH ok E, PBGENE-HBV H A 4 ) Fl
B# 7t cccDNA [ RE 77, 4 7F 2024 45 $2 48 37 245 s PR AR 56
FHiE DL i T3 I PRt 728 VF £ PBGENE-HBV X A {4
22 A AN S

LA, HE R H g i T 2B TR P A% TR IS (ZFN).
e SO R TR RS A% B2 W (TALENS) FH R R i
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Z 41 CRISPR-Cas, 7EAEW) & 5 50 8048 0 1 BRI
T I T THT W 6 1) 80 A, I S A TR I E AU A N 2
RN N ISP 5 L Hp (1) ThARORD 22 A P i o 78
Iy HAEHE 2 UE S . Hod, ZFN 7] DL EL #2458 7] cccDNA,
MR 3 — S W T L E 20 i 35 9% A B o B Th 4 6 HBV
1] cccDNA. 4t T I IR 81 BF 5T B BE 1) TALENs Al
CRISPR-Cas % 4t, ALK K BIRHF0F Fidb A T8
J7 HBV 2L,
3.6 RAEEIIHIF R EBGIMSI A (NRTIs), BRI A% H
(H2) 254ul4, i 3t LT HBV DNA %8 & i 9 5 85Uk &
IEFE S HBY £l . BARKIAMZE (R) X104
VBT AT DAY e JHF B A1 0« ARG P 0 XU, HH R
HBV & 4 Xf & 43 i H $2 K K & 3TC). & W k&
(LDT)- Fi[ #4545 (ADF) (1) 8B 7= 4 T i 25 PR AR .
NT EARIE B, YR 2 R IAZ R (TR) 2R (R
5) IETEIG RAFEFLH

ATI-2173 /& Antios 2 5] B & ¥ 2, FF 11 R I IR fi% 3%
25100, AR N AR T 5 HR P — PR 355 P A7 a5 SR A o) A%
& (ASPIN). ATI-2173 . 8B FH TDF (1 R A1 42
PR W, 73097 1 B Fr 4L HBV DNA 38 /5%,
HEP DART 2021 K28 7 ATI-21731b #5256 45 5,
ATI-2173 B R IFPTHBV i& 1 (-2.7 logl10 TU'-mL™),

Table S Summary of polymerase inhibitors

ML) R ™ A R A, IF BAEWRIT 28 KRG i
FWDI3TC & G PE# TR . ATI-2173 1697 45 I, 65%
Z A [ HBV DNA KPR T2 2R, 152 /5 4~24
W52 B RE AL 45 245 P, H AT, ATI-2173 24 i3
N BEHL XU 22 B IR 22 A0 1 Tla H7I1G R B 50
(NCT04847440) #1, & 7E i1l ATI-2173 25 mg + TDF
50 mg 7697 HBV/HDV & I e 35 90 K2 A EFIH
B

Besifovir (BSV) & — 1 5 284 J6 3 4% 1 IR i 1 I,
5 AFV FITFV )46 2% 5/ AR, 83— Fh s AR 4
(ZWERR ST M RX T R ISl ) #f HBY &P, 7E—
T2 vl JBEAL WS AT TS (NCT01937806)
1, 192 & J5 BSV-BSV 40 H1l TDF-BSV 4 1) 25 2 N &
R 51N 92.50% F193.06%. BSV 16T A AR 55 i
M eGFR, B RIFH <4, Kk, BSV il LIEAN—
Tl 75 1) 3 B 1 B I 9 IR o O v, RS2
B R B RH OG0 1 e KRS R B SR, BSV IRYT A
5 LA R F 2 TRFE v, T B IR FH 7 e PR B 45
BEAR T ERMAHE A, 2021 4 3 B A7 i
Fh 22 IE T BSV I IV G K58 (NCT04202536)
4, )\ TDF %% 5 BSV 1 1 £ % & # v, BSV
41160k AE ™ EA R FE4F, TDF 41 6 4; BSV 418 # 4

Drug Company Study type Study result Adverse event NCT
ATI-2173 Antios Phase I, open-label, safety and tolerability, fixed- Not available Not available 05137548
Therapeutics, sequence study to investigate the potential interaction

Inc. between ATI-2173 and TDF in healthy subjects
Phase I, double-blinded study for safety, tolerability,
pharmacokinetics, and antiviral activity of ATI-2173 in

healthy volunteers and CHB subjects

ATI-2173 at 10-50 mg
orally per day had potent

There were no deaths, 04248426
serious adverse events

antiviral activity or discontinuations

Phase Ila, randomized, double-blinded, placebo- Not available Not available 04847440
controlled study to evaluate safety and efficacy of
ATI-2173 in combination with TDF in patients with
HBV/HDV co-infection
Tenofovir ContraVir Phase I, open-label study to investigate the effect of Not available Not available 03284164
exalidex Pharmaceuticals, renal impairment on the pharmacokinetics of Tenofovir
(TXL) Inc. exalidex
Besifovir I1Dong Phase III, multi-center, randomized, double-blinded, Not available Not available 02792088
(BSV) Pharmaceutical  parallel study to assess the antiviral activity and safety
Co. Ltd. endpoints for the treatment of Besifovir 150 mg
compared to TFV 300 mg in CHB patients
Phase III, multi-center, randomized, double-blinded, Bone mineral density and Nasopharyngitis, 01937806
parallel study to assess the antiviral activity and safety =~ eGFR were not reduced, dyspepsia, ALT
of Besifovir 150 mg compared to TFV 300 mg in CHB  and the safety was good  elevation, dizziness,
patients for 48 weeks after 192 weeks and headache
Phase IV, randomized, open-label, parallel, multi-center Not available Not available 04202536
clinical trial to evaluate the efficacy and safety of
switching to besifovir dipivoxil maleate from TDF in
CHB patients
Phase IV, open-label, randomized, single-dose clinical Not available Not available 03885778

trial to evaluate the food effect on pharmacokinetics of
besifovir in healthy volunteers
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AR EY R GRS s, R AES T
TDF A HU0R TI7 BT e T 22 4P,
4 RHEERZE

W HBV A fr A BIRN T /8, A% 17—
RIVH R BRI BUR R 259, X LR # 4Y)
W 2 R R P T Ak, 6045 9% 212 N CRNA
T-H 1] cccDNA L T 4K 72 4H 2% A1 BH B HBsAg B¢
T8 bAh, — S8R HE AR 400 5 2510 K e i,
TLR 3430 7 . FXR # 3 7 . PD-1 #1745 . HBV #
SRPI AT DLE I B A% 2R BT R 2R Aok
DAz ], (RSP 2 RF 076 T7 558 Za i Bk ik, 187 2/ 1
ThGe PR & H b 2 S UL 24 J5 KR 421 HBV DNA 41
il F1 HBsAg i/ B, X 7] DU i A - BOR SE 3 — 2
TEANRACSZ IR G T 40 15 0 R, R BT AL 2 259
T B cccDNA; & K FHBLA 19 5 5% T TUF BL ik AT
PRAE 5, BRIF & 3T 1 G 28 1 1 770 5K 22 4 3 Bk 52 Jk
MIFanf. Ear, CIFE TH 2 586 2% (NAs fl
PEG-IFNa) & 2577 &, $m S IR PR IR @ 2% 45 H
CIESS

EE TTmk: 135 4 51 A D SCHR AN SC R IR R 3R 15 sal bk
J AR 28 5 5T A R SCIRAIME O = IR L B K S TR
WEMELR, RS ERS BN RE ERE.

FIZE S BT A 1R 3 7 A AELER Z v o

A
m
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