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outlook

Closinginonacure

Finite courses of treatment could get the hepatitis B virus under
control — with the right combination of drugs. By Elie Dolgin

or Thomas Tu, eliminating hepatitis B
isadeeply personal goal.
Tu,amolecular virologist at the West-
mead Institute for Medical Researchin
Sydney, Australia, learnt he had chronic
hepatitis Basateenager. Ablood test revealed
telltale signs of the infectious liver disease,
which Tu had probably acquired at birth.

In his late 20s, Tu started taking a medica-
tion to limit the virus’s replication and prevent
collateral damage to his liver cells. Now 36, he
hasbeen onthat daily treatment —a pill known
asanucleoside analogue — ever since.

Yet, even with a therapy that keeps his
infection well under control, Tu remains at
heightened risk for liver disease. He must
juggle visits to specialist doctors and bear
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prescription-drug costs. And he knows that
many others —racked by the financial instabil-
ity, emotional toil and stigma that the lifelong
infection can bring — have it much worse.

“I'm in this quite privileged space to be
able to be on therapy and not have any side
effects or feel any burden from taking daily
medicines,” Tu says. “That’s not the same for
the majority of people living with hepatitis B.”

That’s why Tuand many other leading virol-
ogists and hepatologists continue to strive for
somethingbetter:a curative fix for hepatitis B
virus (HBV) infections. “Finite treatment is the
aim,”says Seng Gee Lim,an HBV specialist at the
National University of Singapore’s Yong Yoo Lin
School of Medicine. “Patients don’t want to be
taking drugs for the rest of their lives.”

© 2022 Springer Nature Limited. All rights reserved.

According to the latest estimates’, only
around 10% of the 300 million people who
carry HBV have been diagnosed. Nearly 100
million people have such advanced disease
that they would probably benefit from anti-
HBV drugs, yet fewer than 5 million actually
take them. No wonder, then, that the virus
continues to cause up to one million deaths
around the world each year, mostly from liver
cancer and cirrhosis linked to the infection.

Eliminating HBV infections will not be easy.
Although someindividuals, after years or dec-
ades of antiviral therapy, manage to suppress
viralreplicationand cansafely stop taking daily
medications, such cases are rare. And even in
these people, HBVis almost never eradicated:
hints of viral DNA persist inside some liver cells,
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although the immune system keeps the virus
onatightleash. Unless they later take some
kind ofimmunosuppressive therapy —for can-
certreatment, say, oranorgan transplant —the
infection is usually held in check.

Achieving that outcome in many more
individuals is ultimately the goal of the HBV
research community, which hopes to ther-
apeutically quash viral activity so that the
immune system, either naturally or with
drug-mediated assistance, can handle any
residual HBV oniits own —even after treatment
is halted. It might not be acomplete cure, but
most scientists think it’s good enough.

Drug strategies under consideration take
aim at nearly every stage of the HBV life cycle.
There are experimental treatments designed
to block viral entry into the cell, and others
that should prevent the release of viral pro-
teins frominfected cells. There are drug can-
didates directed at viral-particle assembly and
replication, and others geared at gumming up
expression of viral-protein-encoding genes.
Immune-activating agents arein the works, too.

“Weare using all our weaponsto tackle every
single step of the virus,” says Man Fung Yuen, a
hepatologist at the University of Hong Kong.

No one has pharmacologically induced this
level of viral control with any predictability.
Butthankstoscientificadvances over the past
decade, it could be only amatter of finding the
right combinations of experimental drugs now
in clinical testing, says Stephen Locarnini, a
medical virologist at the Peter Doherty Insti-
tute for Infection and Immunity in Melbourne,
Australia. “We're very close,” he says. “We might
very well see that final goal of functional cure
being achieved in the next few years.”

‘Theright moment’

The push to cure hepatitis B started in earnest
around 2014. That’s when Fabien Zoulim and
otherleading HBV scientists began convening
scientific workshops centred on developinga
cure-focused action plan.

Two years prior, researchers from China’s
National Institute of Biological Sciences in
Beijing had discovered the receptor through
which HBV enters human cells?, allowing for
thecreation of new celllines and mouse models
thatcould beused tostudy viral replicationand
discover new drugs. And pharmaceutical com-
panies were bringing curative therapies tomar-
ket for another liver-infecting pathogen, the
hepatitis C virus. Propelled by strong scientific
and financial tailwinds, the drug industry was
looking for asimilar viral threat to go after next.

“It was the right moment to do something
more,” says Zoulim, a hepatologistand molec-
ularvirologist at the University of Lyon, France.

In early 2016, together with Locarnini and

two colleagues, Zoulim put out a call to arms,
imploring HBV researchers around the world
to unite around this common objective®. Key
stakeholders cametogetherto deviseastrategic
agenda*—and, later that year, the International
Coalition to Eliminate HBV (ICE-HBV) wasborn.

Less than six years on, scientists are well
on the way down a path to a cure. Almost 50
therapies are now in clinical trials, and many
more will soon follow.

Some scientists feel that mixtures of
direct-acting antiviral drugs (which target
aspects of HBV gene expression and replica-
tion) could do the trick. Others are betting
onimmune modulators (which enhance host
antiviral defences). Most, like Peter Revill, sus-
pectthatanamalgam of both approaches will
be necessary to knock out HBV. “We’re going
to need a combination of the virological and
theimmunological,” says Revill, a molecular
virologist at the Peter Doherty Institute and
anarchitect of ICE-HBV.

ICE-HBV convened asymposiumin Septem-
ber 2021 to explore which drug combinations
have mechanisms that make the most sense as
cures for hepatitis B. At the event, academics
and industry executives discussed many com-
peting theories — including what molecular
virologist Stephan Urban at Heidelberg Univer-
sity Hospital in Germany describes as “observa-
tions that hint at the possibility” of achieving
acure. But asimmunologist Gregory Fanning
points out: “It’s all about clinical data now.”

“We can hypothesize forever,” says Fanning,
anindustry consultantbasedin Charre, France,
who previously worked on HBV drug develop-
ment atJanssen Pharmaceuticals, headquar-
tered in Beerse, Belgium. “But in the end, you
have to see what’s happeningin the clinic.”

New targets

Most of the proposed combinations for
HBV elimination build off a backbone of
nucleoside-analogue therapies. The stand-
ard of care for hepatitis B for nearly 25 years,
these drugs behave like sand in the gears of
viral replication whenever HBV attempts to
make infectious particles.

To the virus’s polymerase enzyme, nucle-
oside analogues look like any other genetic
buildingblock, ready to be incorporated into
DNA asrequiredto copy thevirus —but they’re
not. Once the imposter molecule gets into a
growing strand of viral DNA, replication grinds
toahalt, and viral growthis markedly blunted.

Still, the agents rarely shut down polymer-
ase activity entirely. So it seemed logical for
drug developers to target another step inthe
replication process. Many companies took aim
atthe mechanism by which the virus packages
anintermediate form of its genome inside a
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proteinshell called a capsid. Atleast ten phar-
maceutical firms now have some kind of capsid
assembly modulator (CAM) in human trials.

Incombination with nucleoside analogues,
capsid-directed therapies “should be able to
over time wipe out the infection”, says Adam
Zlotnick, astructural virologist at the Indiana
University Bloomington.

That's theidea, at least. But, on the basis of
early trial data, Zlotnick says, this is not hap-
pening.

Zlotnick is a scientific co-founder of Assem-
bly Biosciences,acompany based in South San
Francisco, California, that is focused on devel-
oping CAMs. The company evaluated its lead
clinical candidate, vebicorvir, in a year-long
study — one of the longest to date involving a
new anti-HBV agent. The drug, in combination
with a nucleoside analogue, initially helped
patientstoachieve dramatic declinesingenetic
markers of infection. Yet, whentrial participants
stopped taking the therapy, levels of viral DNA
quickly shot back up.

“We might very well see that
final goal of functional cure
inthenextfewyears.”

Zlotnick suspects that vebicorvir was not
potent enough to fully prevent virus produc-
tion. He hopes that next-generation CAMs now
in early clinical testing might do better. Still,
results from the vebicorvir trial have forced
himand othersto rethink their approach. Anti-
viral drugs directed at a few crucial proteins
might have been able to wipe out hepatitis C.
But HBVis a different beast, says John Tavis, a
molecular virologist at Saint Louis University
School of Medicine in Missouriand the incom-
ing chair of ICE-HBV.

“They’re about the same as a peach and a
toaster: both are found in a kitchen,” Tavis
says, “but that’s about it.” In his view, other
therapeutic strategies could be needed to get
at the root cause of chronic HBV infections: a
special chromosome-like structure known as
covalently closed circular DNA, or cccDNA.

These tiny twists of viral DNA — often called
minichromosomes — linger in the nucleus of
an infected cell, where they pump out the
genetic recipes for new infectious viruses.
Several research teams have used gene-editing
tools, such as CRISPR, to precisely target the
cccDNA reservoirinmice®, and a few biotech-
nology companies have expressed interestin
the strategy.

But gene-editing technologies are still in
their infancy, and fears of causing unwanted
mutations in other parts of the genome put
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many people off this approach — especially
for hepatitis B, which can already be managed
with nucleoside analogue therapy. Gene fixes
forviralinfections could yet enter clinical test-
ing. But for now, says gene-therapy researcher
Kristie Bloomat the University of Witwatersrand
in Johannesburg, South Africa, “there’s a lot of
hesitancy”.

Running interference

Companies have tried, with limited success, to
find small-molecule drugs that directly target
thehostfactorsresponsible for cccDNA stability
or biosynthesis. “Ithink it is possible,” says Phil
Pang, chief medical officer of Vir Biotechnology
inSan Francisco. Butasyet, nosuchcompounds
have advanced past laboratory testing.

Instead, many companies, including Vir, have
focused onsilencing the activity of cccDNA by
using drugs that cut the minichromosomes’ cor-
responding RNA instead of targeting the special
DNA structure itself. Without these RNA tran-
scripts,noencoded proteinsare made, andthe
immune system becomes less inured to — and
thusmoreresponsive to —the threat of the virus.

These RNA-blocking strategies, which
include both antisense therapies and small
interfering RNA molecules, have produced
dramatic results, often driving down indi-
cators of HBV infection quickly and durably.
Lastyear, for example, Yuen and his colleagues
reported that many individuals treated with
one such RNA-targeted agent, known as bep-
irovirsen, saw levels of akey hepatitis B protein
intheblood fallmore than1,000-fold withina
month of starting the therapy®.

Levels of this marker generally bounced
back over the next six months, however,
indicating that the drug doesn’t achieve the
functional cure researchers are looking for.
Still, most scientists agree that these types of
RNA-directed therapy offer a key plankin the
eradication endgame.

The idea now, as hepatologist Harry Jans-
sen at the Toronto Centre for Liver Disease
in Canada explains, is to “hit the virus fast
and hit the virus hard” with this type of gene-
silencing therapy — “and then come in with an
immune-modifying agent” to finish the job off.

The immune system probably needs ther-
apeutic assistance because the body doesn’t
naturally produce many HBV-fighting T cells
to begin with, says Ulrike Protzer, a virolo-
gist at the Technical University of Munich in
Germany. With other viral infections — HIV,
say, or cytomegalovirus (a common cause of
birth defects) — more than 1% of the immune
system’s T-cell memory is dedicated to tack-
ling that particular pathogen. In the case of
chronic hepatitis B, she points out, the equiv-
alent measure is closer to 0.1%.
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Immune cells from people with HBV.

To bolster the number of HBV-directed
T cells, researchers are working on several
immune-stimulating strategies, the most
popular being therapeutic vaccination. This
involves giving people two or three shots of
purified HBV proteins or harmless viruses
engineered to express bits of HBV material that
help to train the immune system to recognize
and destroy infected cells in the liver.

“That helps to focus the response on
the right antigens,” says Mala Maini, a viral
immunologist at University College London.
“But then it may need to be combined with
some other approaches,” she adds, such as
checkpoint-blocking molecules, commonin
cancer treatment, that help to lift the brakes
on T-cell activity.

Some companies are incorporating drugs
designed to stimulate T-cell recognition of the
virus orinnateimmune defences in other ways.
Vir, for example, has engineered an antibody
therapy that can mop up HBV particles from
circulation and trigger immune responses
against thevirus. That drugis now being tested
incombinationwith the company’s smallinter-
fering RNA agent. “You need to not just remove
the stop sign on the immune system — you
need to step on the gas,” Pang says.

Burden of proof

That’s the idea, at least. But as John Young,
global head of infectious diseases at Rochein
Basel, Switzerland, points out, “We don’t really
know what will be the right combination of
agentsto cure thisdisease. Ithink there’s good
scientific rationale associated with everything
that is being tested today — by ourselves and
by others —but ultimately the proof will be in
the pudding.”

Success might be achieved incrementally.
Eradication of every last drop of HBV — both
cccDNA and integrated DNA — from the liver
might be unattainable. Most researchers are
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therefore striving towards functional cures,
defined as asustained absence of HBV proteins
and genetic material from the bloodstream
for at least six months after treatment ends.

“If we can get there with up to two years of
treatment in 30% of patients, that’s a major
advance,” says Anna Suk-Fong Lok, a hepatolo-
gistatthe University of Michiganin Ann Arbor.
The field could then build oninitial successes
toachieve functional cures inmore people, to
shorten the duration of therapy or to person-
alize drug regimens for better outcomes. But
Lok suspects that, unlike those with hepatitis
C,some people with persistent HBV infections
mightneverbe curable. “Idonotanticipate that
we’llever get to the 90%-plus range,” she says.

Science and drug development are not the
only challenges standing in the way of HBV
abolition. With such dismally low rates of diag-
nosisand treatmenttoday, evenifacurewere
available tomorrow, “we still wouldn’t make a
dent” in stamping out HBV, says Tu.

People like him —who know they carry HBV
and who have access to medications — might
seek out curative treatment. And it’s possible
that the availability of an effective drug regi-
men could have knock-on effects throughout
the entire HBV-management landscape, notes
Young: “By bringing better treatment options,
that willencourage more patients to get tested
and seek therapy.”

But that will require raising awareness, atask
Tu has already taken on. Last year, he created
an online support group (hepbcommunity.
org), where he and other HBV scholars aim to
provide trustworthy, accurate information for
affectedindividuals. He hasbeen outspokenat
meetings and in the academic literature” about
the need to incorporate patient perspectives
in the larger research effort towards a cure to
ensure the maximum impact of any future
discoveries.

As the clinical enterprise continues, Tu
argues that more attention must be paid to
the structural challenges and inequities in
health-care delivery for those with HBV. “We
should be addressing them now,” he says, “so
that, when a cure comes, we can get people
into treatment straight away.”

Elie Dolgin is a science journalist in
Somerville, Massachusetts.
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