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Novel targets and strategies to cure HBV



EASL, HBV CPG 2017

Towards a functional cure of chronic Hepatitis B

Ø The control/cure of chronic hepatitis B is achieved in the  majority of patients by a continuous
pharmacological suppression of viral replication

Ø In a small proportion of patients the transition to HBeAg negative infection or the HBsAg clearance 
can be obtained by a treatment of limited duration (usually, with Peg-IFN treatment,  occasionally
with NA)

At present

The criteria to define the virological response to treatment vary according to the type of treatment and the timing  

• during NA  undetectable HBV DNA by a sensitive PCR (LoD 10 IU/ml)
• after NA, sustained off-therapy virological response, HBV DNA <2,000 IU/ml for at least 12 months

• during PegIFNa HBV DNA <2,000 IU/ml at  6 months and at the end of therapy.
• after PegIFNa HBV DNA  <2,000 IU/ml for at least 12 months

Serological responses
• HBeAg are HBeAg loss and HBeAg seroconversion
• HBsAg are HBsAg loss and HBsAg seroconversion



1. Inhibition of viral entry via NTCP
2. Targeting cccDNA (destabilizer, epigenitic

regulators, endonucleases)
3. Inhibition of viral proteins syntesis by  

interfering with mRNA
4. Inhibition of capsid synthesis/formation
5. Interfering with  HBcAg-mediated

cccDNA replenishment
6. Inhibition of the HBsAg release

Towards a functional cure of chronic Hepatitis B

Viral targets

a. Modulation of innate Immunity (TLR 
agonist)

b. Modulation of adaptive immunity
(anti-PD1, anti-PD-L1, anti-CTLA4, 
vaccine) 

Immunologic Targets

Brunetto MR, Asian Pacific Digestive Week 2017,  Cornberg M et al J Hep 2020,, Yuen MF AASLD-HBV SIG 2020
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Cornberg M et aJ Hep 2020

New HBV antiviral drugs Immunomodulatory drugs targeting HBV

Most of the drugs or combinations are in the  early
phases of clinical development



Unmet need for a personalized management of current and future antiviral treatments

• Development and standardization of specific assays with high sensitivity to detect the viral
targets of antiviral drugs
• Development and standardization of assays unrevelling the impact of antiviral treatment on 

the biology of HBV infection
• Identification of viral markers associated with cure/control of HBV infection and not simply

with target engagement
• Identification of the immunological profiles associated with an effective control of HBV 

infection
• Availability of biomarkers with high diagnostic accuracy in the identification of the carriers who

achieved an effective and persistent control of HBV infection

Brunetto MR, Asian Pacific Digestive Week 2017; Brunetto MR, ILC 2019



Ø Functional but not sterilising cure is achievable and should be defined as sustained HBsAg loss in addition
to undetectable HBV DNA 6 months post-treatment. 

Ø The primary endpoint of phase III trials should be functional cure: HBsAg loss in > 30% of patients after 1 
year of treatment was suggested as an acceptable rate of response in these trials. 

Ø Sustained virologic suppression (undetectable serum HBV DNA) without HBsAg loss 6 months after
discontinuation of treatment would be an intermediate goal. 

Ø Clinical trials aimed at HBV functional cure should initially focus on patients with HBeAg-positive or negative 
chronic hepatitis, who are treatment-naïve or virally suppressed on nucleos(t)ide analogues. 

In the context of the emergence of novel therapies, representatives from academia, industry, regulatory agencies, 
and patient groups convened in March 2019 in London to develop an agreement on HBV treatment endpoints to 
guide the design of clinical trials aiming to ‘cure’ HBV. 

Cornberg M et aJ Hep 2020

Towards a functional cure of chronic Hepatitis B, starting from a new nomenclature

Guidance for design and endpoints of clinical trials in CHB – Report from 2019 EASL-
AASLD HBV treatment  endpoints Conference



Bruegel il Vecchio, 1559, Proverbi

Towards a functional cure of chronic Hepatitis B

• HBV  infection is difficult to be eradicated
because of the viral genetic reservoir (cccDNA) 
and of the integration of HBV-DNA fragments

• The HBV interaction with the hepatocyte is
pervasive and complex and could make it
difficult to identify molecules acting exclusively
on the virus machinery

• An effective and specific immune control is
required to achieved a functional cure  of HBV 
infection

CPG EASL 2017, Brunetto MR, Asian Pacific Digestive Week 2017,  AASLD-HBV SIG 2020

At present, in spite of the preliminary data 
showing different extent of target 
engagement, inhibition of viral proteins, 
pgRNA and HBV-DNA production,  we are still
awaiting the evidence that functional cure 
can be achieved with the new drugs



Will the functional cure  have an impact on chronic liver disease?

Ø Eight-year survival in CHB patients under long-term ETV and TDF therapy is similar to the general 
population

• 1951 adult Caucasian with CHB with (27%) /without cirrhosis, without HCC  at
BL on NUCs for at least 12 months /median 6 years)

Papatheodoridis G et al, J Hep 2018

• Overall mortality rate was 0.77 (95%CI 0.62-0.96) comparable to that of 
the general population, 0.82 (95%CI 0.66-1.039)

Ø The PAGE B cohort study:  10-year cumulative probability of HCC during NUC therapy
Papatheodoridis G  et al, Hepatology 2017

• After the first 5 years of ETV or TDF therapy in CHB patients, the HCC incidence
is decreasing, with  the decrease being more evident in patients with baseline  
cirrhosis



Will the functional cure have an impact on chronic liver disease?

Cure: resolution of the chronic
liver disease

Control: halting progression of the 
disease, without complete 
resolution, but with reduction/ 
elimination of the complications

Liver disease

Ø Currently, we do not know whether the new 
therapeutic approaches will further improve
the outcome of CHB

Ø However, a more profound and early inhibition
of viral replication could halt events that may
have oncogenetic potential



Tenofovir Disoproxil Fumarate Treatment Reduces the Number of Transcriptionally 

Active Viral Integrations in Chronically Infected HBV patients

CHB patients (N=160)

§ Serum ALT 1–2x ULN 
§ No clinical liver cirrhosis or 

decompensation

TDF (n=79) 

Year 3Baseline

Placebo (n=81)

Paired biopsies 
available in *

TDF (n=66) 

Placebo (n=61) 

ETV added  (n=2)

ETV added  (n=13)

2 liver biopsies

ALT, alanine aminotransferase; ETV, entecavir; ULN, upper limit of normal. *subset of original study. 

Host HBV Host

Sequencing
reads

Chimeric reads: evidence of viral 
integration

Human
genome

Analytics

Align reads to human (gencode.v29) and HBV genomes Extract chimeric read-pairs and reads

Split chimeric reads
Cluster breakpoints by human & 

HBV coordinates and strand

Catalogue of expressed integration loci
(Units Log1 0 Expressed integrations per million reads)
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Tissue
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DNA RNA

Hsu Y-C et al. AASLD 2020. 16



Distribution of HBV Integrations Across Samples At Baseline

0

10

100

1000

Patients

Placebo
TDF

In
te

gr
at

io
ns

 / 
M

 re
ad

s

Tenofovir Disoproxil Fumarate Treatment Reduces the Number of Transcriptionally 
Active Viral Integrations in Chronically Infected HBV patients

High-confidence expressed integrations detected in 88% of patients at baseline

Demographics and  virology TDF
n=66

Placebo
n=61

Baseline

Age, years 45 (38, 53) 43 (37, 50)

Women, n (%) 11 (17) 13 (21)

HBV DNA, log10 IU/mL 5.3 (4.3, 6.2) 5.3 (4.4, 6.4)

HBsAg, log10 IU/mL 2.9 (2.3, 3.5) 2.9 (2.5, 3.4)

HBeAg negative status, n (%) 57 (86) 45 (74)

HBV RNA, log10 IU/mL 3.8 (2.8, 5.1) 3.8 (2.6, 5.3)

HBcrAg, log10 IU/mL 4.4 (3.0, 6.0) 4.3 (3.3, 5.7)

Year 3

HBV DNA, log10 IU/mL ND 4.2 (3.3, 5.4)

Virally suppressed, n (%) 9/62 (15) 1/56 (2)

HBV DNA qHBsAg HBV RNA HBcrAg
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p <0.001

HBV integrations correlate with HBV DNA, 
HBcrAg, and HBV RNA serum levels

Hsu Y-C et al. AASLD 2020. 16



HBV Integrations Correlate With Baseline Viral Markers and TDF Reduces Number of 
Expressed Viral Integrations

Baseline Year 3

R=0.56 , p <0.001
R=0.59 , p <0.001
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Fold Change in Integrations

-2

-1

0

1

Placebo
-0.258 (± 0.139)

TDF
-0.516 (± 0.143)

p=0.0378

Mean log fold change (95% CI)

A significant decline in expressed integrants is
observed in TDF treated patients as compared to 
Placebo

Correlation between expressed viral integrations and 
viral load lost in TDF arm at Year 3 due to effective viral 
suppression

Hsu Y-C et al. AASLD 2020. 16



TNF signaling
IL-6 JAK STAT3 signaling

RAS pathway
MAP2K and MAPK activation

Hallmark P53 pathway
TGFβ pathway

Chylomicron clearance
Scavenging by class A receptors

Biological oxidations
Antigen processing cross presentation

Lectin pathway
Transport of vitamins, nucleosides, and related molecules

Hallmark protein secretion
Formation of fibrin clot clotting cascade

Tyrosine metabolism
Hallmark peroxisome
EphrinB rev pathway

Hallmark estrogen response late
Complement and coagulation cascades

HDL remodeling
Common pathway of fibrin clot formation

Hallmark coagulation
Hallmark adipogenesis

Amyloid fiber formation
Cargo recognition for clathrin-mediated endocytosis

Regulation of TLR by endogenous ligand

-1 0 1
Z Mean Magnitude of Pathway Disruption

p <0.05

HBV Integrations and Gene Dysregulation 

HBV integration is associated with gene dysregulation, 
affecting important pathways
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Fold Changes in Integrations and Dysregulated Genes

TDF treatment tends to reduce the number of dysregulated 
genes more significantly than placebo

Hsu Y-C et al. AASLD 2020. 16



Conclusions

• Novel sequencing and analysis methods can precisely identify viral transcripts expressed from 

integrated viral DNA

• In CHB patients with serum ALT 1~2 folds ULN, expressed viral integrations can be detected in the 

majority of patients and are highly associated with viral load.

• Integrations also affected host transcripts, resulting in significant gene dysregulation
• Reduction in viral load with TDF treatment or as a part of natural history is associated with a 

reduction in expressed viral integrations and dysregulated genes
• These data suggest that patients with elevated HBV DNA, regardless of ALT level, may have 

significant levels of viral integrations impacting host gene transcription

• Larger studies with longer follow-up required to quantify the impact on HCC incidence.

Hsu Y-C et al. AASLD 2020. 16



Bruegel il Vecchio, 1563, La Torre di Babele

What about the optimization
of the current treatments? 



• According to the existing data, virological remission (HBV-DNA <2000-20000 IU/ml) will be 
maintained in approximately 50% of HBeAg negative patients 3 years after NA discontinuation, if
thay have remained for more than 2 years on virological remission during therapy

• The optimal duration of on therapy virological remission before discontinuation remain unclear

• No reliable predictors of post-treatment remission has been identified to date



The achievement of a functional cure with NUCs is influenced by several factors

Ø The effectiveness of the antiviral
Ø The burden of the infection at the time of treatment start

Ø The modulation of both innate and adaptive immune response
induced by the viral suppression



Infected Cells Loss

immune system activity
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During NUCs treatment the burden of 
intrahepatic HBV infection declines

progressively

Viral Load vs. Time
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The very early decline of viral load is due to the block 
of virus production à e defines fraction
of viral production inhibited by the drug

Ø The value ranges between 0.81 to 0.99, but it 
is not 1. 

Ø Therefore, during NUCs therapy the viral 
production is not completely blocked

Sypsa et al Hepatology 2005, Colombatto P et al Ant Ther 2006

but the decay is function of the direct antiviral
effectiveness of  the drug



The achievement of a functional cure with NUCs is influenced by several factors

Ø The effectiveness of the antiviral

Ø The burden of the infection at the time of treatment start

Ø The modulation of both innate and adaptive immune response

induced by the viral suppression

Ø We studied the HBsAg serum levels kinetics during NUCs treatment in a cohort of 92 HBeAg negative patients to 

develop a diagnostic algorithm to identify patients who will achieve HBsAg serum levels < 100 IU/ml

Ø During a median treatment of 77,5 months (range, 30,0-204,6), in 20/90 (22,2%) patients HBsAg decline < 100 IU/ml

Ø We identify 2 kinetics of  HBsAg: 

- monophasic in 62/92 (67,4%) pts, 8 (13%) with HBsAg decline <100 IU/ml

- biphasic in 20/92 (21,7%) pts,  11 (55%) with HBsAg decline < 100 IU/ml

Ø The Delta variation of HBsAg serum levels from BL to month 36 was independently associated with the decline of 

HBsAg < 100 IU/ml (OR 3,549, 95% CI 1,587-7,938, P= 0.002) and showed a diagnostic accuracy of 93.3% in the 

identification of the patients who will achieve it

P.Colombatto et al DILC 2020



Response to discontinuation of long-term nucleos(t)ide analogue treatment in HBeAg-negative 
patients: Results of the Stop-NUC trial

van Bömmel F, et al. DILC 2020; LBO06

Ø 166 HBeAg-negative patients without cirrhosis with HBV-DNA suppression for ≥4 years were 
randomized to continue or stop treatment

Ø All patients were followed up for 96 weeks
Ø Primary endpoint: sustained HBsAg loss at Week 96; secondary endpoints: HBsAg seroconversion, virologic

response (HBV-DNA ≤20 IU/ml), number of ALT flares, time to re-therapy in pts who discontinued NUC

At week 96 after NUC discontinuation:
• HBsAg loss in 8/79 (10%) 
• HBsAg seroconversion in 6/79 (8%)  

patients 
• no patients in NUC had HBsAg loss

p=0.006 and p=0.028, respectively 

Predictive value of HBsAg levels at discontinuation

HBsAg loss
Baseline HBsAg

<1,000 U/mL
Baseline HBsAg

≥1,000 U/mL p value

No 18 (72%) 53 (98.1%)
0.001

Yes 7 (28%) 1 (1.9%)



• All patients with NUC discontinuation, but none of those who remained on treatment experienced an HBV DNA flare 
>20 IU/mL after NA discontinuation

• No patient in ARM A had a severe SAE possibly related to NA discontinuation

Parameter at Week 96 ARM A ARM B p value

HBV DNA ≤20 IU/mL 24/79 (31%) 79/79 (100%) <0.001

ALT flare 28/79 (35%) 0 −

NA re-installed 11/79 (14%) N/A −

No NA indication† 54/79 (68%) N/A −

van Bömmel F, et al. DILC 2020; LBO06

The STOP-NUC study demonstrates the potential of discontinuation of long-term NA treatment 
for inducing durable immune control and functional cure in patients with HBeAg-negative CHB



Randomized Trial of 192 weeks of TDF with or without Peg-IFN for the first 24 weeks 
followed by protocolized withdrawal

Terrault N, AASLD 2020, 19

281 screening 
eligible

201 enrolled
and randomized

102 TDF

99 TDF+ Peg-IFN

96 Evaluated
51 Withdrawal

92 Evaluated
62 Withdrawal

Intent to 
treat
analysis

53% & 49% HBeAg positive



TDF withdrawal TDF
n. 51

TDF +Peg-IFN
n. 60

P Value

HBsAg loss 3 (6.5%) 4 (7.3%) >0.99

HBV-DNA <1000 
IU/ml + normal ALT

13 (30%) 20 (39%) 0.39

Ineligible to TDF 
withdrawal

TDF
n. 45

TDF+Peg-IFN
n. 32

P Value

HBsAg loss 1 (2.4%) 1 (3.2%) <0.99

HBV-DNA <1000 
IU/ml + normal ALT

26 (63%) 20 (67%) 0.8

Randomized Trial of 192 weeks of TDF with or without Peg-IFN for the first 24 weeks 
followed by protocolized withdrawal

Outcomes at week 240 by withdrawal status

• HBsAg loss was similar in TDF vs TDF+Peg-IFN, but with different timing
• HBeAg loss was not statistically different in the 2 groups (41% vs 61%, 

P=0.06)
• About 1/3 of patients who discontinued TDF withdrawal met criteria for 

HBeAg negative infection
• 24-31% of the pts had ALT flares (early on treatment with TDF+Peg-IFN; 

later in withdrawal phase with TDF)

Ø Withdrawal of TDF after 4 years of 
therapy can be safely achieved in most
patients meeting protocolized criteria

Ø HBsAg loss was not enhanced by Peg-IFN 
for 24 weeks, longer follow is desirable
to capture late effects of Peg-IFN and 
TDF withdrawal

Terrault N, AASLD 2020, 19



Bruegel il Vecchio, La parabola dei ciechi,1568        

Currently, it is possible to personalize
the  management of chronic HBsAg
carriers, provided that the relevant
scientific evidences are applied with the 
guide of the individual clinical expertise 
according to the specific need of each
patient

Sackett D et al. Evidence-Based Medicine: How to Practice and Teach EBM, 2000




