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Model of Viral Infection
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Drug (e.g. IFN, Adefovir ) Partially
Blocks Viral Production
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Biphasic Decay of HBV DNA with Adefovir Treatment
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Enhanced efficacy of lamivudine/famciclovir
compared with lamivudine alone
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LMV Treatment
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LMV/FCV Treatment
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Expanded Models

Include cell proliferation

* Include cccDNA and dilution or loss upon cell
lel N) lOIl viruses 2017 My

Article
The Role of Infected Cell Proliferation in the
Clearance of Acute HBV Infection in Humans

* Include immune rnse (Ab or cell-
mediated)

OPEN a ACCESS Freely available online @. PLOS |

Antibody Responses during Hepatitis B Viral Infection c

Stanca M. Ciupe'*, Ruy M. Ribeiro?, Alan S. Perelson? 2014

YVhat should we do now Ciupe Poretson ot a
in age of new agents and cure research? "NAs 2007



For HCV — New Models

* In order to understand the mode of action of
direct acting antivirals — DAAs — new
multiscale models were needed.
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Such models should be applicable to HBV infection



siRNA with lipid nanoparticle delivery
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Most patients with large (>1 log)
HBsAg declines did not have

! detectable baseline HBV-RNA

This is similar to the estimated death rate of
HCV infected cells, 6 = 0.14 /day (t1/2 = 6.3
days), Neumann Science 1998. If we estimate
number of infected cells we can calculate time
to cure under this drug regime if decline can

be sustained. ALT data could help establish if
this decline is due to loss of infected cells.
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If drug is ~ 100% effective decline could reflect
clearance of HbsAg but t1/2 seems very long
for an antigen.

) i . i p i After wk 7 decay slows — maybe 2 phase
Patient With Largest Individual
e A Do decline like that of HBV DNA with Mycludex B,
sAg Decline - .
which would lengthen time to cure.

Patient on nucleos(t)ide therapy, HBV DNA negative
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In Vivo Study of a LNP siRNA Investigational Agent Applied Sequentially aasLp
with Immunomodulatory Treatments for Chronic Hepatitis B Infection 2017

5. Wide Range of Individual Off-Treatment Responses to Sequential Triple Combo

In AAV mouse model of chronic HBV,
after therapy with siRNA, anti-PDL1
and Energix B vaccine, HBV DNA
does not go back to baseline

in most vaccinated animals (red).

We have seen the same thing
in HIV/SIV infection and have an
explanation.
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Viral load data fitting
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Model with 2 set-points
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Recommendations for Moving Forward with New Therapies

Need to monitor baseline viral load to see if at steady state

Would be informative to measure cccDNA, level of
infected cells and biomarkers (ALT, HbsAg, HbeAg),
proliferation of cells (Ki67, PCNA), immune responses
(tetramer + CD8 cells, ICS) — but difficult due to biopsy
limitations; could use humanized mice or animal models

Develop multiscale models that allow multiple effects of
single drugs and combinations.

These models may need to take into account cccDNA
content of infected cells as rate of HBV, HBsAg and
HbeAg production may depend on cccDNA level.

Models also need to allow for infected cell proliferation and
its effect on cccDNA.

Need to develop better models of the immune system’s
interaction with HBV as it is important for cure, to explain
ALT flares and the effects of immunotherapy.



