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Worldwide Deaths from Chronic Viral Hepatitis as Compared 
with Deaths from Tuberculosis, Human Immunodeficiency 
Virus (HIV) Infection, and Malaria.

Thomas DL N Engl J Med. 2019

HBV increase

HBV carriers 260M↑ 



Liver Cancer Mortality: Worst 3



Source: WHO Hepatitis B dashboard

http://whohbsagdashboard.com/

Graber-Stiehl I, Nature. 564(7734):24-26, 2018. 

High prevalence of 
HBV among children 

under 5 years old



Source: WHO World Hepatitis Report 2017

https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en

Graber-Stiehl I, Nature. 564(7734):24-26, 2018. 

（海外データ）

TDF prophylaxis to prevent mother-to-child transmission

Measures to prevent 
mother-to-child infection 

are insufficient and 
vertical infection is not 

decreasing in Africa

(TDF RCT)



Special patient groups: pregnant women

EASL CPG HBV. J Hepatol 2017;67:370–98

• Management may depend on severity of liver disease and timing of a 

future pregnancy

Recommendations

Screening for HBsAg in the first trimester is strongly recommended I 1

In women of childbearing age without advanced fibrosis planning a 

pregnancy in the near future, it may be prudent to delay therapy until 

the child is born 

II-2 2

In pregnant women with chronic hepatitis B and advanced fibrosis or 

cirrhosis, therapy with TDF is recommended 
II-2 1

In pregnant women already on NA therapy, TDF should be 

continued while ETV or other NA should be switched to TDF 
II-2 1

In all pregnant women with HBV DNA >200,000 IU/ml or HBsAg 

>4 log10 IU/ml, antiviral prophylaxis with TDF should start at Week 

24–28 of gestation and continue for up to 12 weeks after delivery 

I 1

Breast feeding is not contraindicated in HBsAg-positive untreated 

women or those on TDF-based treatment or prophylaxis 
III 2

Grade of evidence Grade of recommendation
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Association of HCC mortality with 

HBV DNA levels at entry (REVEAL) 

Chen, CJ et al.: JAMA 295(1): 65-73, 2006
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Current indication of anti-HBV therapy?

< <> >
HBeAg+ HBeAg-/anti-HBe+ (precore/core promoter variants)

ALT

HBV DNA

Normal/mild 
CH

Moderate/severe CH Moderate/severe CHNormal/mild CH 

Cirrhosis

Immune 

Tolerance

Immune 

Clearance

Low Replicative  

Phase

Reactivation 

Phase

Cirrhosis

< 104 cp/mL

103 -108 cp/mL

Inactive cirrhosis

108 - 1011

cp/mL 106 -1010 cp/mL

Inactive-carrier 

state

HBeAg-negative
chronic hepatitis 

HBeAg+ 
chronic hepatitis 

Peg-IFN
or NA

Peg-IFN
or NA



APASL 2015 1
EASL 2017 2 

JSH
AASLD 2018 3

HBV DNA 

(IU/mL)

>2000 (eAg-)

>20,000 (eAg+)
>2000 

>2000 (eAg-)

>20,000 (eAg+)

ALT >2 × ULN
>ULN

(>30, JSH)
≥2 × ULN

Age >35 >30 >40

Many grey zones with inexplicit recommendations

• EASL: European Association for the Study of the Liver; APASL: Asian Pacific Association for the 
Study of the Liver; AASLD: American Association for the Study of Liver Diseases; eAg: hepatitis B 
e-antigen.

• 1. Sarin SK, et al. Hepatol Int. 2016;10:1–98; 2. EASL. J Hepatol 2017;67:370-398. 
3. Terrault NA, et al. Hepatology 2018;67:1560–99.

Recommendations of treatment 

initiation slightly different on guideline



Recommendation 7: All HBV-infected compensated or 
decompensated cirrhotic individuals with detectable serum 
HBV DNA levels should be initiated on antiviral therapy, 
regardless of ALT levels, or HBeAg status.
Recommendation 8: Guidance on treatment initiation in 
HBeAg-positive or HBeAg-negative treatment-naïve, HBV-
infected non-cirrhotic patients (next Figure).

A panel of 24 experts from 10 Asian countries 



Antiviral treatment required 
irrespective of ALT levels

HBV DNA

< 2,000 IU/mL

HBV DNA

> 2,000 IU/mL

ALT levels

< ULN

Presence of any of the following

・ Age >30y
・ At least moderate fibrosis
・ First-degree family member

with cirrhosis or HCC
・ Extrahepatic manifestations
(Glomerulonephritis, polyarteritis 
nodosa, mixed cryo-globulinemia)

Presence of any of the following

・First-degree family member
with cirrhosis or HCC

・Extrahepatic manifestations

Antiviral treatment required Antiviral treatment required

ALT levels

> ULN
(upper limit of normal)

Where ULN is 
defined by local 
laboratory

Algorithm to guide initiation of antiviral therapy in HBeAg-positive 
and HBeAg-negative treatment-naïve, non-cirrhotic individuals 

Asia consensus 
Recommendation 8

HBeAg
Positive or negative

(Gane Ed et al. J Viral Hepat 2019)

Liver stiffness 
≥ 8 kPa (by 
Fibroscan) or 
APRI ≥1.5 

elevated ALT levels 
greater than upper 
limit of normal 



Recent European and Asian guidelines 

showed that decision of anti-HBV 

treatment initiation would depend  

on HBV-DNA and ALT level, 

regardless of HBeAg status. 

Summary 1 
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Reverse transcription (RT) inhibitor

DNA ⇨ RNA ⇨ Protein
         

RT
HBVHIV

RT inhibitors of HIV were also effective
in chronic hepatitis B



Yip TC, et al. J Hepatol 2019

HBsAg 
loss

Complete viral suppression with nucleoside analogues 
was not enough to reduce HCC incidence



HBV

Reduce 
cccDNA 

Formation  
& Virus 

Production

Silence/
Eliminate 
cccDNA

Intensify Antiviral Treatment

Boost
Effective 

HBV 
Specific 

T-cell 
Responses

Boost 
Innate 

Immunity

Boost Immune Response

Hepatitis B Strategy for Functional Cure 

Launch 
successive 
waves of 

combination 
treatment to 

increase rate of 
functional cure

免疫応答の増強抗ウイルス治療の強化

HBV特異的
なT細胞の
増強作用

自然免疫
の増強

機能的治癒を目指した併用療法



The Japan Society of Hepatology

59th Annual Meeting

15─16 June 2023

Overall and Japanese subgroup analyses of global 

Phase 2b study (B-Clear study) for bepirovirsen in 

patients with chronic HBV infection

Yasuhito Tanaka1, Hiroshi Yatsuhashi2, Hiroshi Ito3

1Department of Gastroenterology and Hepatology, Kumamoto University, Kumamoto, Japan 

2National Hospital Organization, Nagasaki Medical Centre, Nagasaki, Japan

3Japan Medical and Development, GlaxoSmithKline K.K., Tokyo, Japan



The Japan Society of Hepatology

59th Annual Meeting

15─16 June 2023

Bepirovirsen: Mode of action
A novel unconjugated antisense oligonucleotide

Following SC injection, 

ASO enters the 

hepatocyte1

In the nucleus, ASO 

directly binds to 

complementary hepatitis 

B virus mRNA transcripts 

forming the hybrid 

ASO/RNA complex2

RNase H enzyme 

attaches to the complex, 

creating a nick in the HBV 

mRNA which is 

susceptible to nucleases 

for degradation as well as 

causes premature 

transcription termination3

i

ii

iii

ASO treatment leads to 

dose-dependent 

suppression of HBsAg1

ASO/RNA 

heteroduplex

mRNA

Nucleus

HEPATOCYTE

ASO

HBV

Viral CCCDNA

HEPATOCYTE

HBV antigens

i

ii

iii

RNase

H1
RNase

H1

. 

Image adapted from Han K et al. Clin Pharmacol Drug Dev 2019;8:790–801. 

1. You et al. Poster presented at International HBV Meeting 2016, Seoul, Korea; 2. Crooke ST et al. Nat Biotechnol 2017;35:230–237. 3. Lee JS et al. Mol Cell 2020;77:1044–1054.

ASO, antisense oligonucleotide; DNA, deoxyribonucleic acid  HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; RNA, ribonucleic acid; RNase H, ribonuclease H; SC, subcutaneous 

Subcutaneous injection
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Orally available small molecule compounds 



NTCP（Receptor）
接着

核移行

cccDNA

mRNA
逆転写酵
素

HBc HBs

ヌクレオ
キャプシド

Pregenomic RNA

recycle

転写

エンド
サイトーシス

HBV Dane paeticleHBsAg

Hepatocytes
核

(RNAからDNA)

It is difficult to do

“Functional Cure”

(HBsAg loss) 

by NUC therapy

Little reduction of NUC

Novel dugs 

required

RT inhibitor
（NUC）

HBV lifecycle and the Target

Drug Screening

Screening for hit 
compounds by 

HBsAg reduction

NTCP-HepG2 cells

2 weeks

In vitro screening

(Watanabe T, Tanaka Y, et al. J Gastroenterol 2024)



Screening

30,000 compound library Measurement of HBsAg
in supernatant

to seek hit compounds

NTCP-HepG2 cells
HBV-infected PXB cells

2 weeks

HBV DNA / HBsAg IC50 (nM)
HepG2.2.15

(Gt D)

0.89 / 1.4

PXB

34 / 8.5SAG-524

(Gt C)
CC50 (nM)

(HepG2.2.15)

>1,000

Optimization

SAG compounds reduce 
HBV-RNA

（HBV-RNA）

SAG
Northern 

Blotting

In vitro HBV-infected models

SAG-524 decreased HBV DNA and HBsAg 
with IC50 in nano-molar range, and showed 
anti-HBV activity against genotype C and D.

Southern Blotting
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Results of in vivo combination study of 
SAG-524 (oral drug) with entecavir

DSANJは研究者から受領した非秘密情報に基づいて本資料を編集・作成しています。本資料の二次利用を固く禁じます。
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Copyright © 2024 Drug Seeds Alliance Network Japan (DSANJ)

ETV p.o.

± SAG p.o.

(oral route)

HBV-infected

PXB mice

The add-on of SAG to ETV markedly reduced both HBV-DNA

and HBsAg in the serum of HBV-infected PXB mice

(Watanabe T, Tanaka Y, et al. J Gastroenterol 2024)

Oral comb.
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✓The combination of ETV and SAG decreased intrahepatic cccDNA,

※ N=4, ETV 0.02 mg/kg/day, QD ± SAG-524  20 mg/kg/day, BID, using t-test.

possibly reducing de novo cccDNA production and eliminating HBV-infected cells.

0.003

(C
o

p
ie

s/
ce

ll)

ddPCR Human 

hepatocytes

Student’s t-test; * P<0.05, * P<0.01 

(Watanabe T, Tanaka Y, et al. J Gastroenterol 2024)

Efficacy evaluation of SAG-524
to intrahepatic cccDNA in vivo
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Time after BrU-pulse and compound treatment, (hr)

SAG compound destabilized HBV RNA and 
significantly reduced HBV-RNA, but not 
degradation of GAPDH and albumin.

Studying RNA-destabilization by BRIC-assay

3.5kb pgRNA

2.4kb L mRNA

2.1kb M/S mRNA

1.3kb GAPDH

h

nM
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g
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(Watanabe T, Tanaka Y, et al. J Gastroenterol 2024)

SAG: Mode of action



Poly(A) tail assay

SAG compound destabilized 
and degraded HBV-RNA
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SAG: Mode of action

(Watanabe T, Tanaka Y, et al. J Gastroenterol 2024)



RNA Biol 2016, 13; 743–747

HBV post-transcriptional regulatory element (PRE)

PRE: Nucleotides 1151-1805

HBV RNA stem-loop (SL) α, β

・Nuclear export 

・Escape over-splicing the preS2/S mRNAs 

SLα
1292-1321

SLβ
1411-1433

PRE II PRE III PRE I

3’5’

HBV-PRE secondary structures

Cell Rep 2019, 29; 2970–2978
Nat Struct Mol Biol 2020, 27; 581–588

The SAM domain of ZCCHC14 binds to 

the pentaloop of HBV RNA

Mixed 

tailing

ZCCHC14

（足場）
PAPD5/7

HBV-RNA

SLα

PRE

Stabilize HBV-RNA via PAPD5/7 
and ZCCHC14 complex

(zinc finger CCHC-type containing 14 protein)



TENT4A = PAPD7
TENT4B = PAPD5

PAPD5/7 elongates mRNA poly-A

PAPD5/7 adds resistance to deadenylation
to mRNA by randomly incorporating G 
during poly-A elongation

Extended mRNA lifetime

PAPD5/7 functions in a complementary manner, 

PAPD5/7: RNA binding protein
↓

noncanonical poly(A) 
polymerases

One of SAG's targets is PAPD5

PAPD5 (TENT4B)

SAG compounds directly bind PAPD5, not PAPD7 and destabilize 
HBV RNA, thus exerting the anti-HBV effects via PAPD5.



MoA of SAG compound, HBV RNA destabilizer

SAG compound targeting (competitive) RNA 
binding proteins, i.e. PAPD5 (RNA polymerase)

Stable RNA

HBV RNA destabilization, 
Reducing HBsAg and HBcrAg

RNA
biding 

protein, 
i.e. PAPD5

SAG
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No histopathological changes of a 2-week repeated oral dose toxicity 
study were observed in (cynomolgus) monkeys.
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(Watanabe T, Tanaka Y, et al. J Gastroenterol 2024)

As well as no toxicity by 13-week repeated oral high dose study 
(1,000 mg/kg/day) in mice and monkeys
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cccDNA

Nucleus

HBsAg

HBsAg

Dane particles

HBcrAg, 
HBVpol

Pre-mRNA

m7G

Poly(A)

mRNA

m7G

Poly(A)

3.5 kb RNA

m7
GPoly(A)

Cytoplasm

2.1~2.4 kb-
RNA

SAG compound

Destabilizing 
nuclear HBV RNA

Orally available small molecule compounds. 
destabilizes HBV RNA and reduces HBV markers (HBV-DNA, HBsAg, HBcrAg). 
 shows anti-HBV activity against multiple genotypes (gtA, gtC and gtD).
No obvious toxicity was observed (well tolerated).
Planning to clinical trial.

(Watanabe T, Tanaka Y, et al. J Gastroenterol 2024)

Summary 3
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Baseline Week 4 Week 12 Week 16

Primary endpoint
( 12 weeks post Nivolumab )

Sentinel A (n=2)
0.1mg/kg Nivolumab

Cohort A (n=12)
0.3mg/kg Nivolumab

Cohort B (n=10)
0.3mg/kg Nivolumab

40 YU GS-4774

Primary efficacy endpoint: Change in HBsAg log10 IU/mL levels 12 weeks following 

Nivolumab treatment. GS-4774 is a heat-inactivated, yeast-based, T-cell vaccine designed to 
elicit hepatitis B virus (HBV)-specific T-cell responses. YU; yeast units

Clinically approved 

dose 3 mg/kg for 

Melanoma etc, but 

0.3 mg/kg for HBV

Proof of concept: T cell activation by 
inhibition of PD-L1 (PD-1 mAb)

Gane, et al., J. Hepatol 2019; Daniel Verdon et al; AASLD 2017, Washington DC
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Results: HBsAg change from baseline
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Week 24

Sentinel A (0.1mg/kg) 

Cohort A (0.3mg/kg) 

Cohort B (0.3mg/kg +GS-4774)

9%(2/22) at Week 12 and 14%(3/22) at Week 24 with a >0.5 log reduction in HBsAg.

Only one patient achieved HBsAg loss.

Gane, et al., J. Hepatol 2019; Daniel Verdon et al; AASLD 2017, Washington DC
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Results: Case Study

The patients had ALT elevation, followed by HBsAg decline,
that was related to HBV core-specific IFN-γ production.

Gane, et al., J. Hepatol 2019; Daniel Verdon et al; AASLD 2017, Washington DC

Clinically approved dose 3 mg/kg 

for Melanoma etc, 

but 0.3 mg/kg for HBV



Potent NA Agent to prevent viral spread and cccDNA re-amplification 

Agents to activate specific antiviral immunity or
relieve repression/exhaustion of the system

Immune
modulator

+

cccDNA
inhibitor Safe and selective agent to reduce or silence cccDNA 

+

HBV antigen
inhibition

Agents to inhibit other components in the HBV life cycle
(i.e. entry, cell-spread, capsid assembly, HBx, HBeAg, HBsAg)

+

Future perspectives: Future HBV curative regimen?



Take home massages

✓ Both prevention and treatment should be 

required for HBV elimination.

✓ HBV RNA destabilizer, SAG-524 will plan to 

clinical trial for aiming functional cure.

✓ The combination of HBV RNA inhibitors 

and immune modulators could be required.
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Thank you for your attention
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