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New drugs for the functional cure of hepatitis B: Focusing on antisense oligonucleotides and small interfering
RNAs
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Abstract: Existing nucleos (t)ide analogues and pegylated interferon exhibit limited efficacy in the functional cure of hepatitis B.
Recently, small nucleic acid drugs, such as antisense oligonucleotides and small interfering RNAs, have brought unprecedented
breakthroughs in the functional cure of hepatitis B with their brand-new mechanisms of action and remarkable efficacy in early
clinical studies. Small nucleic acid drugs, such as antisense oligonucleotides and small interfering RNAs, can reduce the level of
HBsAg and strive to achieve HBsAg seroclearance. The reduction in HBsAg may restore the hepatitis B-specific immune function of
the body to some extent and may further transform the simple clearance of HBsAg into hard endpoints with clinical value, such as
reducing hepatitis B-related liver events. By meticulously analyzing the dynamic trajectory of HBsAg alterations within the context
of new drug applications and further optimizing combined treatment strategies and regimens, it is expected to transform the

functional cure of hepatitis B into the ultimate goal of improving survival rates and quality of life.
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LRI H R RESE A Ak 4 T 10 & B2 NAs 78
R K HIZ, A NAS GG BURER S PEG-IFN-a 7E0)IR
T8 v 19 HBsAg ILYE 55 B 2L 0 ~ 9% ittt
ST REMEIR AAT) A A Bk V) 75 B A UL i e, IR
AN NAs 259 b it 23 25300 30 4F , Y i 3Ll /9 £ AF
PUI T 259 B S U8 0 A S BT R 6 & T R 3
AR e R MR 25 B RS T LT
[ RN IR AL 1= O 8 5

1 MNZBAYESREXH SRR AESE
1 HY I S8

1.1 Zhab b AT TITH AR 09 £ &4 5 HBVK
Y [ AR L BRI LTS AR 7% , HBYV DNA 7K SF- 2 T 400 it 93
(HCC) & A B RAR C P 22— NAs Y7 T HBV DNA
4410 1) 2% A B 34 B 1009% , NAs VAT i B8 5L 5 e b 52 90
HBV DNA i1l o] fig A Bl T 9 /0 BF E 5240 09 % A, LU
HBV DNA ik H AR I8 254058 TF & 25 18], 4R
117, AL HBV DNA RS2 i AN BE 5E 426 2 I R 5 22, 4
32 NAs KA IT B ANBES A HOC %28 HBsAg 5% T
PE— 2L K HBV DNA 1] A BERY HCC KU . R It
HBsAg 7 B2 O IR IR 7 M BARZ S . Zad (Al fg
ZE /b6 H BTG RS T TN HBsAg 5 I, I 22 v A 4 i
MR K S 8 HBsAg FAYE . BRI H RTIA R, 2T
25 10/ B0 1 5 2 SO DI REME IR AL, B HBsAg #%
B ELHBV DNA /N T s A~ BRIFF5 4 B 450 0A7 G
24 JENOTY R 24 AT A BT R AT 24
TIEE I AR 36 () 12 A ) D BB 3 AL, BV BR
JY G oS, A 25 9015 1IR30 T 6 A A s K i R)
HBV DNA 5 HBsAg ¥ T 5 A B2 Bl 1
NAs JIUAH PEG-IFN-a B AR Y7 AR R LA AR AT A —
SE DI RETETA AR . DIRBMEIA AR T S 2 05, i
TEUR /5 e 5 HC.C & A DT 44 oo A A28 5 A 1 I
HIIRIT BARI RN

FEXT HBV 2B iy i AN W] B Be 9 T8 245, T g
T A B IE R I A a2 AR R) (BT X HBV HEA) (ARG
PR R B AW RNA T/ IML RIS 25 (B
X B A2 M B 75 2 1R 1A ) (HBV R P43 2R DNA
(cceDNA) #5712 DA 20 4 (1% HBV ceeDNA A J K
TN, DA B S 54 55 1 32 HBV R S G g2 1o 20 1)
PEVA TR S5, FE Ik RATHT T2 7 A= A [F R BE A9 HBsAg T
Kat , 00T 24 7 S i PR v 4R A5 4511 PR BT 7 — 2
RIBCRS . o N RRHT 25307 1 b HBsAg /K T
K be HBsAg e B J0 Ry 5 Y, iy S WP I RENE IS ALY BT
e e
1.2 BLARA ko A BR AL ) A BT 41 26 31 50 R A
/J\&@ﬁ%%ﬁﬁﬁﬂjﬂ%ﬁﬁ%&@ﬁ(pre-mRNA)E‘Z
AR R (mRNA) i 8CEE B AMEC VR T, T4 B AR
RN B FRIR , WA FEIRT PR (GR 1) s i i i =4k 4h
I 5 3 B AR A HE— 2 AR TR ) /M
12 2590 i LA R e R 2 I B A R, A4 A5 kS
RUAIAZ IR , Horh [ LSEA% TR (antisense oligonucleotide,
ASO) F1/N T3 RNA (small interfering RNA , siRNA) ZE AR
Z ORI 2G0T Rtk g d .

Bepirovirsen (GSK3228836) {2 — 1§11 ] 4K HBV
mRNA it 4 2/~ 14 2 A8 A B B AR B 12 ASO™
S e HME—PE A RS A 2 HF#T2h . Bepirovirsen
5 HBV F=/E (A7 4 Fh mRNA AT L 41 RNA F 7776
14 20 AT TR LB BAb , 25 A A S FRTAZ O A0
AFRTEH (AT S1UHT S2 70 S) St e 4 B R i, LA S SR G
i A1 X 25 H A i B9 FF 81 P o Bepirovirsen i i Watson-
Crick BEERC XS 5 RNA £5 5, 5 TR I RNA 9252 (455)
S 4% WE A R I H (ribonuclease H, RNase H) I § 1%
RNA R, NTATBE (- RNA B 1 A A

Xalnesiran (RG6346, RO7445482) j& — it N- £, i 1
FLAENE (GalNAc) 454 19 siRNA 254, L TR 56 45 R &
FHE The New England Journal ofMedicine“S_lé] ,n s

E:Fi

£1 NAs5siRNA.ASO Z541a L4

Table 1 Comparison of nucleoside/nucleotide analogues with siRNA and ASO

i H NAs siRNA ASO

o <500 Da >7 kDa >7 kDa

S THIE O HBV RBAEANEE S HBV RNA HBV RNA

ERROE  FF4MEAZ N JH 4B P JF 240 A6 A T 5 440 2

EFIMLE  SEgebEamd HBY A, 2157 i 354 RNase HEIH T mRNA Nz #) RISC HF 5 $0FR mRNA 454 55
DNA i 9 4 K, DA T i 975 25 42 i YD, AT RE LE v B 2R 1 B mRNA DIE], i BH 11 25 1 %

Ik AR, B H 1k T RS, B4R VR RIRE R RS, B 1K

e 255 Bk, T B P PRI 5 /D f REE A T2 TRTENE B 405, FEAB i Ja vl e R




R, % . ZRRFRINEEMEAEE

. B AR W BB T RNA 9

JHF B w v 2 3 19 25 e Y PR R B 11 A2 IR A5 A i B
JIE#E 0] P . JE B RNA i S U B A P (RNA induced
silencing complex, RISC) J& , H [z SCHEHE ] 4 1 T HBV
RNA, i i filt & RNA T35 (9 HBsAg g i )5 41 24 1%
5| RNA B&f# . Xalnesiran # [m)/E T JLE7E P& HBY
BE DR 20 Hh YA %) HBsAg 2Bt DX (19 5 RNA JF 51 f-fift
B B AN ATl 5 S A EE RNA RSt & % AR R
FLHE i i e PR A2 0P JE R 75 28 A B 995 3 RNA,
PR 75 DNA FE K41 A RTFE R 41 RNA, e84 IK HBsAg
HIKF.

Bl 25 fL A BT R 26 R G 28, /NERR (1 i 5 1
A AT LA i, ELRIVE R o AR H bR 2 87 571
(A5 B TT A B b 15 T A ) 32 35 DR 200 1) o o S M S A%
TR e S G, TR, /N R 24 W B AT o s 1) 25 9 9
RRCR SR SR . 713K T siRNA 5] 3455
(4 RISC 7] ATEAR NG IR, IF 5 T — A # bR mRNA 45 &
HEAT R A, DRI AT 7= A ) Bl T R K RGO AiE
K2 I . X BEREME I fdT siRNA AT ASO 259y S
TR B A
1.3 THFhf b £ /2 ASO A= siRNA B X % 4 42 30 T
AL AT B2 i AR D 6E
PEIGATERN 5% oA , KM NAs 197 % P gt G fn
FIETHA R . —I9N A 6 792 19148 41.3(7. 6 ~ 107. 6) 4
H NAsIRIT B ST BB AT RETE ABI BT b, S5 2E48 65. 6
(51.5~84. 7)1 H IIGITHEDT , HBsAg 5% [ 117 5 4F R
KRN 2. 4% T . MILZ T, %id 24 Bepirovirsen
(518 300 mg) IRTT L5 AT, 29% HIH1I6 B K 26% R4
16 B RS HBsAg # BH s 25 IR YT J5 24 )8, 43 A 14%
5 129% 445 HBsAg IR 308 Dh gt ia @™, /Mg
ZITEA BRI AR T 529000 HBsAg 75 972 B B vk iy i
# Bepirovirsen 15 PEG-IFN-a B¢ & FH B I A e 42
DBEPEIR AR, Bepirovirsen JGYT 24 [k 12 J 5 )5 5t
24 JH 1Y) PEG-IFN-a 3697 , 73914 9%(5/55) 5 15%(8/53)
TELE AT IS 24 R 4E 45 HBsAg B Pk , {H i3 26 5 3 1 ok
{5 NAs %E[}‘Zﬁﬁ“g] ; £ Bepirovirsen 24 J&] (2 1)5%, 12 Ji]
(41 2) IR 7 G5, 23 34 36% (20/55) 5 23% (12/53 ) B
5 HBsAg 7 B ; Fifi Ji5 )55 5% 24 J& PEG-IFN-o J& )7 i #
3 40%(8/20) F142%(5/12) %21 HBsAg & FH ; 247 5%
1) PEG-IFN-a J& I 7 45 R, 53904 24%(13/55) 5 17% (91
53) 443 HBsAg B ; PEG-TFN-a 15224 )5 24 J& , [5] i) R &
Bepirovirsen 1255 48 &, HBsAg BN 58%(411)5
0(ZH 2) , iZ W52 41 i Bt PEG-TFN-« 3697 1T B AR T

Bepirovirsen 8T I E KR, FIRIF5T#E/R , Bepirovirsen 15+
25 J5 11 HBsAg &2 B 5T A v J A T 24 5 i iy 24 5], B
i i F PEG-IFN-o 3697 18] , HBsAg &2 FHA7E & A& 5 M
I PEG-IEN-a VA7 HE LR T 5 K& 1 & AE Al I 2407 BUR
JT15 24 J5 24 J8 %) HBsAg % [ %5 5. H Bepirovirsen 4 24
(9% ~ 15%) .

5 ASO B2 L, M BT Y siRNA 24587 R BETA 3[R RE
155 A HBsAg 7 B . AL, Piranga A 53 Q8T L8 o - &
W, L8 T BA SO A G2 18 15 7 AY Xalnesiran
(—Fh siRNA) BY¥7 261 . BF58 90 A AN % HBsAg R
BY NAs 296 N BE, 23 9 #2 5% Xalnesiran 100 mg (4 1) |
Xalnesiran 200 mg( ZH 2) Xalnesiran 200 mg BX4 Ruzotolimod
(Toll BEZ AR B 3h7) ) 150 mg(ZH 3) . Xalnesiran 200 mg Bk
4 PEG-IFN-a-2a 180 wg(414) A7 48 J8 . IR YT 45 I}
H1ZEH A5 T% . 3% 18% . 30% 3453 HBsAg 5 [ ;
ST IR R B 24 5 48 JH L 41 L AL 4 BIRAE
7% 3% 12% 23% 5 10% .0 . 12% . 17% 4+ HBsAg B 1
BT REVEIA AL . XA S RIEMEAFFTHE /R T siRNA 545
FEV T VIR IRYT AT RAR T DR IA R . 45
TR 24 JE 5 48 A 4 1 240 4 9351 3% .0.3% .20%,
PL K% 3% .0.6% . 17% HUiS HBsAg IfiL 1 #% ¥ . Piranga V-
EFIE BT SRR AN [F] B[] 22 356 36 s i 8K A 3R 9T
20, ¥ DL A [6] B NAs B 25 20 /F S~ %) IR ; Xalnesiran Bk &
RO7191863 (—Ff PD-L1 8% 1R ) IR 7 5 28 W2 Bk I+
JEIIRIT 4G o WIS AR |, Xalnesiran 5 RO7191863
[] o 3k G 5% SR YT I, 73 5 6. 19%(2/33) 5 13. 3%
(4/31) FRAFIRTT 45 R HBsAg 5B 1697 45 05 K W bl
PSS A Tt — e,

VIR-2218 (Elebsiran) J& — F 4 [n] HBV 5& A 21 X X
() GalNAc siRNA , 2 Y 7 4 Bl 7] 6 HBsAg 835 F 12!,
Yuen 25 282 T 24 JEY 7 R Elebsiran 225 (41 1) 54>
BB A 12 8 PEG-TFN-a (21 2) .24 J& PEG-TFN-a (£ 3)
48 J& PEG-IFN-a (4 4) , A } Elebsiran 5 PEG-IFN-o Bk
BIRIT Y48 JH (AL S YTk, SR K, S5 AR T4
25,530 7%(1/15) (6% (1/18) 22%(4/18) J 31%
(4/13) 35459 HBsAg 55 B (3 10 1)) s 7645 oA )7 5 24 J8
(NAs R A524 ), MR HBsAg 5 BH 2R 53 9 0 7% .0, 17% .
15%. R4 RAEIR Y7 FE siRNA 3 siRNA HLZGIRYT
() HBsAg 5% P R U siRNA 5 PEG-TFN-a B F 24, H
PEG-TFN-o fAN B S AT SR AR O Tl 3L, A5 1 451)
2R PURE SR AR AT 157 IFIR L 1M siRNA (9 R
-1t 52 4 W 1 F PEG-TFN-o (19 156 & 17 FH It A BT %
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ST S IR 6 0 ) 3 15 1) 372303 85 & A HBsAg IfiL 7
Eedfe . HU-HBs<100 mIU/mL Y 3 {91144 % A= HBsAg & FH , 1fif
$iL-HBs>500 mIU/mL i 4 {5 34 2 457 45 25 J5 24 J&] HBsAg
B , 35 -HBs 7K F 100 ~ 500 mIU/mL 4 3 545 1 45 4k 45
HBsAgBAYE 2 FH. siRNA ISR, Hi-HBs K AP H
B LU B AR I AT BERIIAYT RS , fHAE Bepirovirsen
(ASO 244 iy THRK S b, k) 3 B2 5 (T REEIA
) B PU-HBs FHE AR 50% (LA>2 mIU/mLAEH
BAPEME ) , $E7R8 HT-HBs B FT fE A 2 S PR W T e A
ALY

A FELH I 1950 AT A 24 /I HBV DNA 55 HBV RNA,
FFAEG PRATBFZE - oWLEE 20 2 BT 2 BT LR ] 2324
HA NEAMY S sIRNA 5 e 2E I8 5 16 Al I FoA
B E— 2B WA HBsAg K F- . AB-729'%) 5 INJ-73763989
(J SEMRTFR INJ-3989) 20 14 S L 6l 46:40F X HBs Ag A5 W
VEHIE siRNA , 5T % 5 Vebicorvir™?' 5 # 5 INJ-56136379
(Bersacapavir) 2 45 ¢ 7 411 % 8 5 70 [) i 196 71, 9 A 1A
PR BT R, ST T REXT HBsAg 1 N A eSSt
VER o AR EAR R, BRI g P s T 24w
A% NAsTRYT ) HBeAg FHPERY 2308 . B2 ASO 26
25 Bepirovirsen JNAE HBeAg [H PERiE AR R B A,
PERE X R 0] R 2 — 2RISR 3R 7
MG o B Y E PR 2 R HT-101 (—Ff GalNAc 25
A 1Y siRNA) 400 mg [H] s 4 il {5 1] 2 Y B A] K45 HBsAg
SRR R MR 3. 29 log,, UML), | LB RAF IR
AHB-137(300 mg, B i 170 1% B4k HBsAg K- 100 ~
3 000 IU/mL P AHE VA7 45 12 JAl AT i 629% 521035 3545
HBsAg 5501, 1iREEFHRR , BEE IS AR AL /)
Wi PR 25 WA A B M 25, T R 2 48 o /A% R 245 19T
M(F2),
1.4 DERAHGERHPAR  FIH KA 5] siRNA
2P R R e A B 2 B SR AT 2 R WY, SOt R SR
i 28T M S R Y BIF S A B WS 3 S8 % /M R 25 0
RINBE, R RS YR R S T R 4R 51 . Ib/e
(R RIF 5% 32 25 01F S AR 7K 7 1 HBsAg Sh /INZ 8 25 W18 7 19
3 ARt Bepirovirsen TEE 2L HBsAg 7K 3F-<1 000 TU/ml,
() NAs 2876 ARk B S T RE MR VA AR (R EA SR
H: % 16%) "%, 1Mij Bepirovirsen 12 5% 24 J& )5 5t 24 Jf PEG-
IFN-o 3897 5 . 16528 HBsAg<1 000 TU/mL iy AREA B
B0 45 24 24 J5 HBsAg 7 [ %R (19% ~ 509%)'") . %
Xalnesiran 5 PEG-IFN-o B BEGIAIT 7 2, 1% HBsAg<
1 000 [U/mL [ NHE 52250 545224 5 48 &l 43 514 60% 5

33% 5 H 445 HBsAg #5111, 947K HBsAg<1 000 1U/mL
JE/INE R B 2597 BUR R AR 53K e o SR, 7E INJ-
3989 (— il GalNAc &MY siRNA ) VA YT 48 J& ) REEF-112*
5 REEF-2CVHFSE o, R & B4R HBsAg K- 53677 I
ARG | 3K W I 5% v JE 32 3 SE B 2 5 24 ALY
HBsAg % B . Elebsiran (siRNA) B9 #F 55 th' 2 656 2 ~
SIG T ULIE A, 7E BE 28 HBsAg<3 000 1U/mL 5 HBsAg>
3000 IU/mL AHE, 735047 11, 19(4/36) 5 7. 19%(2/28)
FESSHOIRYT G HBsAg 7 [, /R H JE48 HBsAg /KPS A%
IO 25 T R s T BB IR RE AR f B/ I IR TR R
PAFEZE 1 000 TU/mL R FHE Y HBsAg 5 %

MR HBsAg<1 000 IU/mL J2&/MERRHT 257 SRR 1Y
P43 7K | {E 33X I N B2 Wi 25 7 3845 00 26 7 356 IE
Ja R R A BRI . siRNA 2825
JNJ-3989 ( Daplusiran/Tomligisiran ) F WA fih % 2% 41K -
S filh % #% INJ-73763976 , # [in] T 47 S ¥ B 52 HE mRNA
ALFEVR H B4 DNA Al cceDNA R4 5 S 5 524, LA
K X fil A #w INJ-73763924 , B [0 A 4E T T A cccDNA AT AR
5 S T ) X R BB HE mRNA o B SR 35 Rl 45
% siRNA (JNJ-3989) 5 ASO (Bepirovirsen) J§ B 1697 7E 5
HBsAg /KF- 51K HBsAg /K- 4836 LI A y7 sk,
44 AN N\ BF HBsAg>100 TU/mL AN % I FR (NCT06537414) .
siRNA 1 ASO 15 58 K 5 0 5 BE i — D it & N
BER D REME TG A RERS 96 0IE

2 INZEEFAEHBsAg A Z M HMEE

b % R 2T 25 1 DI BB R A AR AE 64
B 1 AEAT BRITARRIG I % 30% L2, DL b T Y
IR R . AR HRTE X 4 O AT 30% 36 &1 AT
S O IR 258 B X LA A B ) HAR  (EAE siRNA 25
BIT IR A NSRRI . TF5E A 5L
81 53| LIS E TEHEZ 4 YR i ARC-520 58 3 1
i INJ-3989 B RLINAYTIF25 J5  1E -1 52, 54 A K]
BE T, A5 32. 1% 1] 235 HBsAg<100 TU/mL, 1iij % &
FIZH (NAs VAT ) 2R 013334 [/ Iy, o e {845 56 1 14 1]
JUE A BT FE4E S HBsAg 7K - K 3 4k 48 <100 TU/mL
AT EEAL R EE R 8 HOC S50 /b , ThREME IR 75
RETE R T 24 J] 55 48 i ity SE A I [B] 4E 45 , DA T L 1 3K 5]
PR AR S AR U IRYT H

FE/IMEIRZSHT 2 24 ~ 48 JE AT BRY T RR G5 SR, 59% ~
93% 2534 HuF ik 3 HBsAg<100 IU/mL(F 2) , 45 1A 97
24 LU ATIA 36% ~ T7% WA ZEHF HBsAg<100 IU/mL;
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HICAHLE, NAs 230 I B3, &b ALy ) 65. 54 A iR
J7 BT, 14. 1% ~ 21. 5% 43 4ii 75 HBsAg<100 1U/mL'"7"
HBsAg7K~¥-<100 [U/mL n] G872 & G4 i 1) S B 7K
U RS W AE — B 43 SRR T ARG AR M 4k g T
BEAE AT 5E IR 4278 HBsAg<100 [U/mL 5 NAs 5 24 J5 5357 259
HEE R AR E) L HBsAg o I 78R FUE T 4935 41 g
I Fhf 358 PR R K S A — S S 85 I8 4 A B /M
FR 2SI HBsAg I B, 275 n] Pk & £ X HBV Rl 4
JIL 4 i 2 G IV 25 3175 5 HBsAg K A LT 37 Rt 2
RRTER A B A T R AT TR IR
TEWII INJ-3989 AH GG RAFFE H1 , % HBeAg B 14 18 35 12
A 0 I35 25 S 20 25 20 BT /i, INJ-3989 3697 AT R A n]
7 Fas BiL K (FasL) K, {5 1138 o FF 20 i AH 26 26 1 7K
SETFE AR TR A ST A T . T
Al VE Fasl RE 9% 3 1 25 [B] 7 BT P B 45 5 7 Fas/FasL
AHEAEF , 34 7 BELA%: 20 M 25 T 9k 2 240 B/ 1 SR % 1 4
AYBE I TR i3 Se i T L INJ-3989 A7 Bl 1 T i 4o
VR IZ Fas/FasL A1 3 B9 U8 1205544 T, 39 0 20 1t 2 1V fe e
2 i XoF 52 SRR T A ML AV BR R T o o0 — T, R K
N £ AR s R AT i 4 BT R AR H a2 Bepirovirsen Ji J7
(S5 TE R A L, A RS R B B Ik L 4
JiiL . CDS6™™ [ 8% & 1 4l g LA B 282K 43 Ak (9 300 i 42
CDS8T ik I 40 Ha 76 36 77 I B it A gm0, B ok
TR I B G g2 2 RS R AR (R i TRYT B R A i 22
YIAYT N5 S HBV M e & AR/ IME R 250009 T
Je g 2 R CHF S A1) T SRR BUR s Ak
B 25185 v NAs I 25 bR fE B I A B )iz
B IR BEAE S A 58 4 78 AIKKOF HBsAg 75 NAs {524
J& AT BRI F15 32 HBV R 5 M ek &2, i b —SEfiff 5% 4E
R NAs PR YT LU SR 15 2 )= (1) HBsAg #F — 25 B ok
BB LT Xalnesiran BEAHIAYT )7 22 1) Piranga HF5T 6
R T NAs (R ATE S 2 2 s 7
R RE B NAs 15 25 bR, BIVEE 52 1Y 48 J&] B T Xalnesiran B
BVRTT A BRI AR IS R 2 (1) ALT<1. 25 ff5 5Lk
7K S ; (2) HBV DNA<20 1U/mL; (3) HBeAg B % ; (4)
HBsAg<0. 05 TU/mL 8¢ HBsAg # 34k N [ K T 1 log,, Aif
4 <100 IU/mL. 949 ABF5EHY 121 B & 52 i3 &5
48 J& Xalnesiran A IR AIRTT 5 , 58 111 (48% ) i 21| NAs
P2 bR U, e 40 1145 J7 Z2 45 1 NAs, oA 18 i R i A 7
NAs 1525 . NAs #5245 (1) 40 5] 523035 1, 24 15 (60% ) 7T 4
FRE250E 17 61 (43%) 355 NAs FRGYT BRI 16 6 8
e I NAs IR YT o NAs FHIR YT #5124 (1) HBV DNA>

20 000 [U/mL,5%(2)HBV DNA>2 000 [U/mL H ALT>1. 5%
1EHE EBR, 3 (3) HBV DNA>2 000 1U/mL 25 & & &2 4%
BN, 5 (4) JFFDIRE B R R R IR sl S 00 2 K A . NAs
PR F R T B VIR, ey 3 H g2 2 A
LIRS RS A 2 A 1R, I T 4l 5 218 i 52 A5 vk sl
NAs 15251 40 1137238034, 561 (13%) 4i 45 T HBsAg 75 1]
H HBV DNA<10 TU/mL I — B4 2 ; 3X 5 51 32 10 & 4 4%
%33 Xalnesiran R ZE P T R RGBT % . FESH
BT I 48 JE BE VT I, A7) A ik 83% NAs 15 25 & 4E+F
HBsAg<100 IU/mL. Ji#E 52 K & AEAE 19 41 (48% ) 321K
HH L ACH 361(8%) kA4 K . A5 K1)
3G ZAXE B AEIRLL R T, HAEE T NASIRIT 515
SR . Piranga WFFEARIL T 2 DI WL NAs {52245 1) %
WS

3 RE¥

FIF S 35 NAs TRY7 Bl IR 09 Z2 8] 3] 41 HBsAg
B, Fan M HIFI0UE T3 RLA REMER) T D RebETR
AT AT (GOLDEN B4 ) , B 5 & 4 i e 3 A BE (5
SHFE8. 5% ~ 10. 4% ) FARLFAME (L BT 89. 6% ~
91.5%) . Ho M ABER) S AFhREMEIA @ BBV AR
H17.0% ~29. 1%, M AR AR Je NS Re ik
&7, GOLDEN R4 A f# ) B AiE T NAs Z AN AR [7)
B 25 901E T HBsAg 9 sh & 48 k. ZHFRIZifERT
HBsAg Y53BT ] ARG T B0 ST 38 e Akt
I TR P AL AR -

NAs RS T Al —2F 855 1531 HBsAg<1 000 [U/mL;
B BUT B/ MEZRR 291697 T 35 456 J5 HBsAg i Tk iF
T, #8 60% 15 5] HBsAg<100 TU/mL; i i3 NAs 1524 5 (%
K- HBV DNA 5470 5K P LUl 32 HBV Ry S5 1
PEKE AR DI REMEIA ALY & A T BB A2 i s 3
AR IF AT RRA R I R B R KR . HIHAERE A
BT, AT/ IMERR 25 5 BB 257R Y7 J5 15 % HBsAg<
100 TU/mL ) (B & R BB R M EEX 2. Kk
JF 3 A RT RE 2 AR [RI ML BT 25 51 % AR 7] HBsAg FHE A
FEIY A5l IR 25 R TR 1) 3 53 ] s 10 65 SRS

MEMRFBER: AL RALEMA B PR,

EETRBER: 7 ER RS dF BERA S AF S AB
R — TP, RHILA TR, LFRE R
3L A7 A G B AR ME B IR B R AT 4R
AR REILA T FRRAE A LF B,



R, E. ZERFAIREAENS : BERXEZEBRF/NTHRNA

13

S Sk :

[1]

[2]

[3]

[4]

[5]

[6]

[71]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Chinese Society of Hepatology, Chinese Medical Association; Chi-
nese Society of Infectious Diseases, Chinese Medical Association.
Guidelines for the prevention and treatment of chronic hepatitis B
[J]. Infect Dis Info, 2023, 36(1): 1-17. DOI: 10.3969/j.issn.1007-8134.
2023.01.01.

PHEFSFRESS, PEEZRSRARESS . B R APSS
$57 (2022 FEfR) [J]. fZ R E S, 2023, 36(1): 1-17. DOI: 10.3969/
j.issn.1007-8134.2023.01.01.

European Association for the Study of the Liver. EASL 2017 Clinical
Practice Guidelines on the management of hepatitis B virus infection
[J1. J Hepatol, 2017, 67 (2): 370-398. DOI: 10.1016/j.jhep.2017.03.021.
TERRAULT NA, LOK ASF, MCMAHON BJ, et al. Update on preven-
tion, diagnosis, and treatment of chronic hepatitis B: AASLD 2018
hepatitis B guidance[J]. Hepatology, 2018, 67(4): 1560-1599. DOI:
10.1002/hep.29800.

FELD JJ, LOK AS, ZOULIM F. New perspectives on development of
curative strategies for chronic hepatitis B[J]. Clin Gastroenterol Hepa-
tol, 2023, 21(8): 2040-2050. DOI: 10.1016/j.cgh.2023.02.032.
FANNING GC, ZOULIM F, HOU JL, et al. Therapeutic strategies for
hepatitis B virus infection: Towards a cure[J]. Nat Rev Drug Discov,
2019, 18(11): 827-844. DOI: 10.1038/s41573-019-0037-0.

KIM GA, LIMYS, HAN S, et al. Viral load-based prediction of hepato-
cellular carcinoma risk in noncirrhotic patients with chronic hepatitis
B: A multinational study for the development and external validation
of a new prognostic model[J]. Ann Intern Med, 2024, 177(10): 1308-
1318. DOI: 10.7326/M24-0384.

FAN R, PAPATHEODORIDIS G, SUN J, et al. aMAP risk score pre-
dicts hepatocellular carcinoma development in patients with chronic
hepatitis[J]. J Hepatol, 2020, 73(6): 1368-1378. DOI: 10.1016/j.jhep.
2020.07.025.

YIP TCF, WONG GLH, CHAN HLY, et al. HBsAg seroclearance fur-
ther reduces hepatocellular carcinoma risk after complete viral sup-
pression with nucleos (t)ide analogues[J]. J Hepatol, 2019, 70(3):
361-370. DOI: 10.1016/j.jhep.2018.10.014.

YIP TCF, LOK ASF. How do we determine whether a functional cure
for HBV infection has been achieved?[J]. Clin Gastroenterol Hepa-
tol, 2020, 18(3): 548-550. DOI: 10.1016/j.cgh.2019.08.033.

GHANY MG, BUTI M, LAMPERTICO P, et al. Guidance on treatment
endpoints and study design for clinical trials aiming to achieve cure
in chronic hepatitis B and D: Report from the 2022 AASLD-EASL
HBV-HDV treatment endpoints conference[J]. Hepatology, 2023, 78
(5):1654-1673. DOI: 10.1097/HEP.0000000000000431.

U. S. Food and Drug Administration. Chronic hepatitis B virus infec-
tion: developing drugs for treatment guidance for industry [EB/OL]J.
(2022-04-07) [2024-09-02]. https://www.fda.gov/regulatoryinforma-
tion/search-fda-guidance-documents/chronic-hepatitis-bvirus-infection-
developing-drugs-treatment.

National Drug Administration Drug Evaluation Center. Technical guide-
lines for clinical trials of antiviral drugs for chronic hepatitis B[ EB/
OL]. (2024-04-27) [2024-09-02]. https://www.cde.org.cn/main/news/
viewinfocommon/5bebddb98aae85a980181683a910788e.
ERAGEBEERARKETF L. BME BT AIRE ST AWK
HEHARIESEN [EB/OL]. (2024-04-27 ) [2024-09-02]. https:/www.
cde. org. cn/main/news/viewinfocommon/5bebddb98aae85a9801816
83a910788e.

MIAO YX, FU C, YU ZJ, et al. Current status and trends in small
nucleic acid drug development: Leading the future[J]. Acta Pharm
Sin B, 2024, 14(9): 3802-3817. DOI: 10.1016/j.apsb.2024.05.008.
YUEN MF, HEO J, JANG JW, et al. Safety, tolerability and antiviral
activity of the antisense oligonucleotide bepirovirsen in patients with
chronic hepatitis B: A phase 2 randomized controlled trial[J]. Nat
Med, 2021, 27(10): 1725-1734. DOI: 10.1038/s41591-021-01513-4.
GANE EJ, KIM W, LIM TH, et al. First-in-human randomized study of

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

RNAI therapeutic RG6346 for chronic hepatitis B virus infection[J].
J Hepatol, 2023, 79(5): 1139-1149. DOI: 10.1016/j.jhep.2023.07.026.
HOU JL, ZHANG WH, XIE Q, et al. Xalnesiran with or without an im-
munomodulator in chronic hepatitis B[J]. N Engl J Med, 2024, 391
(22):2098-2109. DOI: 10.1056/nejmoa2405485.

FAN R, ZHAO SR, NIU JQ, et al. High accuracy model for HBsAg
loss based on longitudinal trajectories of serum gHBsAg throughout
long-term antiviral therapy[J]. Gut, 2024, 73(10): 1725-1736. DOI:
10.1136/gutjnl-2024-332182.

YUEN MF, LIM SG, PLESNIAK R, et al. Efficacy and safety of bepiro-
virsen in chronic hepatitis B infection[J]. N Engl J Med, 2022, 387
(21):1957-1968. DOI: 10.1056/NEJM0a2210027.

BUTI M, HEO J, TANAKA'Y, et al. Sequential PEG-IFN after bepiro-
virsen may reduce post-treatment relapse in chronic hepatitis B[J].
J Hepatol, 2025, 82(2): 222-234. DOI: 10.1016/j.jhep.2024.08.010.
DOUCETTE K, JELEV D, KAO J. Efficacy and safety of xalnesiran in
combination with the checkpoint inhibitor PD-L1 LNA in virologically
suppressed participants with chronic hepatitis B: results from the pi-
ranga phase 2, randomized, controlled, adaptive, open-label plat-
form study[C]. AASLD the Liver Meeting, 2024, Abstract 5043.
GANE E, LIM YS, KIM JB, et al. Evaluation of RNAI therapeutics VIR-
2218 and ALN-HBYV for chronic hepatitis B: Results from randomized
clinical trials[J]. J Hepatol, 2023, 79(4): 924-932. DOI: 10.1016/j.jhep.
2023.05.023.

YUEN MF, LIM YS, YOON KT, et al. VIR-2218 (elebsiran) plus pe-
gylated interferon-Alfa-2a in participants with chronic hepatitis B vi-
rus infection: A phase 2 study[J]. Lancet Gastroenterol Hepatol,
2024,9(12):1121-1132. DOI: 10.1016/S2468-1253(24)00237-1.
JANSSEN HLA, HOU JL, ASSELAH T, et al. Randomised phase 2
study (JADE) of the HBV capsid assembly modulator JNJ-56136379
with or without a nucleos(t)ide analogue in patients with chronic
hepatitis B infection[J]. Gut, 2023, 72(7): 1385-1398. DOI: 10.1136/
gutjnl-2022-328041.

VENDEVILLE S, AMBLARD F, BASSIT L, et al. The discovery and
preclinical profile of ALG-000184, a prodrug of the potent hepatitis
B virus capsid assembly modulator ALG-001075[J]. J Med Chem,
2024, 67(23): 21126-21142. DOI: 10.1021/acs.jmedchem.4c01814.
THI EP, YE X, SNEAD NM, et al. Control of hepatitis B virus with im-
dusiran, a small interfering RNA therapeutic[J]. ACS Infect Dis,
2024, 10(10): 3640-3649. DOI: 10.1021/acsinfecdis.4c00514.
YUEN MF, LOCARNINI' S, LIM TH, et al. Combination treatments in-
cluding the small-interfering RNA JNJ-3989 induce rapid and some-
times prolonged viral responses in patients with CHB[J]. J Hepatol,
2022, 77(5): 1287-1298. DOI: 10.1016/j.jhep.2022.07.010.
GEORGE J, STEFANOVA-PETROVA D, ANTONOV K. Evaluation of
the Vebicorvir, Nrtl and AB-729 combination in virologically sup-
pressed patients with HBeAg negative chronic hepatitis B virus in-
fection: interim analysis from an open label phase 2 study[C]. AASLD
the Liver Meeting, 2022, Abstract 5064.

YUEN MF, ASSELAH T, JACOBSON IM, et al. Efficacy and safety of
the siRNA JUNJ-73763989 and the capsid assembly modulator JNJ-
56136379 (bersacapavir) with nucleos(t)ide analogues for the treat-
ment of chronic hepatitis B virus infection (REEF-1): A multicentre,
double-blind, active-controlled, randomised, phase 2b trial[J]. Lan-
cet Gastroenterol Hepatol, 2023, 8(9): 790-802. DOI: 10.1016/S2468-
1253(23)00148-6.

DONG S, WANG Z. Robust hepatitis B surface antigen reduction by
ht-101 in chronic hepatitis B patients: results from a phase Ib study
[J]. AASLD the Liver Meeting, 2024, Abstract 5012.

DING VY, YU X, LIANG X. HBsAg loss and seroconversion in HBeAg-
negative chronic hepatitis B subjects on na therapy after AHB-137
treatment: preliminary data from an ongoing multicenter, random-
ized, open-label phase lla study[J]. AASLD the Liver Meeting, 2024,
Abstract 5011.



14 I RATREfR 2 EE 41 HE 185202541 A J Clin Hepatol, Vol. 41 No. 1, Jan. 2025

[31] AGARWAL K, BUTI M, van BOMMEL F, et al. JNJ-73763989 and [39] VERHEIJDEN S, TUEFFERD M, CRABBE M, et al. WED-372 Down-

bersacapavir treatment in nucleos(t)ide analogue-suppressed pa- regulation of soluble FASLG as a potential mechanism of enhanced
tients with chronic hepatitis B: REEF-2[J]. J Hepatol, 2024, 81(3): immune-related clearance of infected hepatocytes induced by JNJ-
404-414. DOI: 10.1016/j.jhep.2024.03.046. 73763989 in HBeAg-negative virologically suppressed chronic hepati-

[32] CORNBERG M, LOK ASF, TERRAULT NA, et al. Guidance for de- tis B patients[J]. J Hepatol, 2024, 80: S810. DOI: 10.1016/S0168-
sign and endpoints of clinical trials in chronic hepatitis B-Report 8278(24)02237-2.
from the 2019 EASL-AASLD HBV Treatment Endpoints Conference [40] HOGAN T, CASTANEDA EG, GARCIA EP, et al. WED-364 High-
[J]. J Hepatol, 2020, 72(3): 539-557. DOI: 10.1016/j.jhep.2019.11. dimensional analysis of flow cytometry data reveals differences in
003. post-treatment frequencies of naive B cells, CD56dim natural killer

[33] MAK LY, WOODDELL CI, LENZ O, et al. Long-term hepatitis B sur- cells, and terminally differentiated effector memory CD8" T cells in
face antigen response after finite treatment of ARC-520 or JNJ-3989 responders versus nonresponders to bepirovirsen[J]. J Hepatol,
[J]. Gut, 2024: gutjnl-gu2024-333026. DOI: 10.1136/gutjnl-2024-333026. 2024, 80: S807. DOI: 10.1016/S0168-8278 (24 )02231-1.

[34] YUEN MF, WONG DKH, SCHLUEP T, et al. Long-term serological, [41] BERG T, SIMON KG, MAUSS S, et al. Long-term response after
virological and histological responses to RNA inhibition by ARC-520 stopping tenofovir disoproxil fumarate in non-cirrhotic HBeAg-negative
in Chinese chronic hepatitis B patients on entecavir treatment[J]. patients-FINITE study[J]. J Hepatol, 2017, 67(5): 918-924. DOI: 10.
Gut, 2022, 71(4): 789-797. DOI: 10.1136/gutjnl-2020-323445. 1016/j.jhep.2017.07.012.

[35] TOUT I, LOUREIRO D, MANSOURI A, et al. Hepatitis B surface anti- [42] HOU J, XIE Q, ZHANG W. Outcomes of nucleos (t)ide analogue dis-
gen seroclearance: Immune mechanisms, clinical impact, impor- continuation in chronic hepatitis B participants treated with xalne-
tance for drug development[J]. J Hepatol, 2020, 73(2): 409-422. siran with and without an immunomodulator: 48 weeks of follow-up
DOI: 10.1016/j.jhep.2020.04.013. results from the phase 2, randomized, controlled, adaptive, open-

[36] HIRODE G, CHOI HSJ, CHEN CH, et al. Off-therapy response after label platform study pirangal[J]. AASLD the Liver Meeting, 2024,
nucleos (t)ide analogue withdrawal in patients with chronic hepatitis Abstract 252.

B: An international, multicenter, multiethnic cohort (RETRACT-B study)
[J]. Gastroenterology, 2022, 162(3): 757-771. e4. DOI: 10.1053/}.gas- Wi A, 2024-11-26, A EHA: 2024-12-17
tro.2021.11.002. Armig. Fa

[37]1 LIM SG, TEO AE, CHAN ESY, et al. Stopping nucleos(t)ide ana-
logues in chronic hepatitis B using HBsAg thresholds: A meta-
analysis and meta-regression[J]. Clin Gastroenterol Hepatol, 2024,
22(12):2403-2412. DOI: 10.1016/j.cgh.2024.05.040.

S[#EZA 3 : LIANG XE, LIU ZH, HOU JL. New drugs for the
functional cure of hepatitis B: Focusing on antisense oligonucleotides

[38] BEUDEKER BJB, OSMANI Z, van OORD GW, et al. Association of and small interfering RNAs[J]. J Clin Hepatol, 2025, 41(1):
HBsAg levels with differential gene expression in NK CD8 T, and 7-14.

memory B cells in treated patients with chronic HBV[J]. JHEP Rep, ZHIL, XEFL, BEM. CRFAMEEERTA BERXE

2023, 6(2): 100980. DOI: 10.1016/}.jhepr.2023.100980. ZEBRFNTF 3 RNALJ]. IGARATAERF 7K, 2025, 41(1): 7-14.

° i‘ 1 l%‘ °

lle R AT REIR Z2 SN IE FT W “2024 E R BITIR S S RE A REH”

2024 12 A 26 B , G LW P B SAAH I P 02T A E 569 2024 A H R RS & 24 R R E
BT ERAA TR, ] H—R A 28, BFHF AP B4 LR A TA A F R A7
LERAREEMABA G A, BREAR BRI AR, LEZRETLE, 2 EEAH 2024 FHE RIS 5K E L
R RNRFH”, (e AT R 52 & DN L FHEH Pl AR B S R BBV,

“2024 A HIFIR S5 R B0 AR EFIEEEDN " GH LR P B SBAR BRI LA P BAEHE KA
it As PERHZREARAFHABEARLOIESME , EHIEEH G 05 F L3 AR H R R LW IR =k
Q)R E ) AT R RS E ) ERR R RN AR SR e A R R E ) AR R A AR RS R
5] A F ) B T H e AR EA AR S EAT EIREATANKE, AL RIREF 360, AL EF 607, L P
FEA P BEAR BR A ZJEEAH) 10] . NRE R BRI T KB — R AR ) 23X 0 3 HUE BT L FT R B A R
K, AR BARI R &R ERRRER R A RS

Qe AT R 9% 2 &) 2 3330
202541 A 258



