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The 100 days mission for vaccines, diagnostics and
therapeutics

Coalition for Epidemic Preparedness Innovation (CEPI)
aspires for the world to be able to respond to the next Disease
X with a new vaccine in just 100 days




The 100 day mission: is it remotely feasible?
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Challenges in developing antivirals for SARS-CoV?2

 The pathogenesis of COVID-19 is complex: the different phases of early viral
replication and later immunological disease meant antivirals had to be given
early to have an impact

 Current available technology for antiviral development takes time and......
can lead to some wrong turns

* No existing models of highly active antivirals for respiratory pathogens

e Minimal investment in antivirals relative to vaccines for COVID-19: estimated
iInvestment in vaccines is $137 billion compared to antivirals being $7 billion

. Source: Vanderbilt Vaccine Centre, BMGF; Wellcome Trust; KeNUP Foundation report January 2021. Figures in AU$



Direct acting antiviral therapeutics are important for
individuals and population control of a pandemic
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A major advantage is that directing antivirals act immediately and are needed if we dont/cant develop a vaccine



Meeting the challenge for direct acting
antivirals at speed



Potential strategies for direct acting antivirals at speed

Host targets

(innate Nucleic acid

(EIEUENR]Y (panviral) immune targeting
activators)

Antibodies molecules




Pan-sarbecovirus antibodies are being developed now and
need to be available in the future

Multiple monoclonal antibodies that can effectively neutralise all sarbecoviruses tested in vitro identified from
patients with COVID-19, SARS-CoV1 survivors and post immunisation of animals and humans

Wang PF et al., Emerging Micro and Infection 2022; Liu et al Science Transl Med 2022; Feng Sci Transl Med 2023



Antibodies to a host target such as ACE2: reduces risk of
escape but risk of adverse effects

- Anti-ACE2 Ab

Zhang et al Nat Micro 2023



Significant investment in small molecules that work across
whole virus families
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Developing broad spectrum antivirals small molecules

Jochmans et al Cell Host Microbe 2023



Host factors modification can also act as an antiviral and
potentially cross viral families
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Reis et al., NEJM 2023; Saul et al., J Clin Inv 2023
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Direct acting antivirals: targeting viral RNA




Targeting viral RNA: CRISPR technologies




CRISPR-Cas 13 is an effective antiviral in vitro




Delivery of CRISPR-Casl3 in vivo




MmRNA-LNP can deliver CRISPR-Cas13 as an antiviral

Empty LNP
Non-targeting crRNA
NCP crRNA

NTC = no template control; NT = non targeting; NCP = nucleocapsid

Kan, Zhao, Fareh et al (unpublished)



In vivo delivery of mRNA LNP to the respiratory tract

Day 1 — Administration of

MRNA-LNP (2 ug/mouse)

Intranasal, intratracheal or
intravenous

Day 1 - 7 h post-treatment
Organ harvesting and imaging

Day 0 —Luciferase mRNA-LNP
labelled with DIiD dye

Head

Lipid 1 mRNA LNP

— — Lung Liver

Lipid 2 mRNA LNP

Stan Kan, Rob DeRose, Wei Zhao, Zhenjun Chen and others IVIS imaging DiD and Luc



High specificity of Lipid 1 - LNP for mRNA expression in lung
following intranasal delivery

Biodistribution (DiD)

PBS

Lipid 1 - LNP

Lipid 2 - LNP

Kang, de Rose Zhao, Fareh and others; provisional patent submitted



RNA targeting strategies for COVID-19 treatment: a new
paradigm?

Ce“ Article

Identification of a therapeutic interfering particle—A
single-dose SARS-CoV-2 antiviral intervention with a
high barrier to resistance

Idris et al., Molecular Therapy 2021; Chaturvedi et al., Cell 2022



Cumming Global
Centre for Pandemic
Therapeutics

In September 2022, Geoff Cumming, a
Canadian philanthropist now based in
Melbourne, announced a gift of $250 million
to the Doherty Institute.

The gift will establish the Cumming Global
Centre for Pandemic Therapeutics.

The centre will provide long term mission
based funding to researchers to develop
novel platform technologies for therapeutics
for pathogens of pandemic potential.

Funding principals include 20% for discovery
research and 30% will be spent externally to
the Doherty Institute




Summary and implications

« Antivirals can play a critically important role in a pandemic response, in addition to vaccines.
For COVID-19, therapeutic development was slow given disease complexity and limitations of
existing antiviral drug development approaches

* In addition to an expanded tool box of broad spectrum antiviral drugs, substantial investment is
now needed in adaptable platform technologies that would allow for rapid development of
therapeutics for a novel pathogen

« CRISPR-Casl3 RNA editing has high specificity and potency allowing for control of SARS-
CoV2 replication in vitro. Exciting advances in mRNA lipid nanoparticles have high relevance
for RNA targeting therapeutics, in addition to vaccines.

« Barriers to global access of products due to cost and patents remain a major challenge that
must be addressed in addition to investment in science and innovation
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Tam quan trong cua thudc khang vi rut trong viéc ting pho véi

dai dich

Lién minh d6i méi chuan bj phong chong dich bénh
(CEPI) mong mudn thé gi¢i cé thé (rng phé véi bénh X tiep
theo bang mét loai vac xin méi chi sau 100 ngay




Nhiém vu 100 ngay: liéu n6 c6 kha thi?
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Nhiing thach thtc trong phat trién thudc chong virus SARS-
CoV2

« Co ché bénh sinh clia Covid-19 rat phirc tap: cac giai doan khac nhau cla qué
trinh nhan |1én cua vi rat sém va bénh mién dich sau nay nén thudc khang vi rut
phai dwoc tiem sém dé co tac dung

« COng nghé hién c6 dé phéat trién thudc khang vi rat can cé thoi gian va cé thé
dan dén mot so sal lam.

 Hién chwa c6 mod hinh thudc khang vi rat co hoat tinh cao doi véi cdc mam bénh
duwong ho hap

« Pau tw tdi thidu vao thudc khang vi rit so véi vac xin ngtra Covid-19: wée tinh
dau tw vao vac xin la 137tyr USD, so v&i thude khang vi rat la 7 ty USD

. Source: Vanderbilt Vaccine Centre, BMGF; Wellcome Trust; KeNUP Foundation report January 2021. Figures in AU$



Phuong phap diéu tri bang thuoc khang vi rut tac dong truc
tiép , rit quan trong doi véi viéc kiém soat dai dich cta ca

nhin va cong dong

Nguy co mac
bénh cua ca
nhan

Nguy co’ nhiém
trung ca nhan

Nguy co ca nhan

phai nhap vién

Wu diém chinh cta thudc khang vi rat 1a c6 thé st dung ngay 1ap ttre va la can thiét néu chung ta khéng/ khong thé phat trién
vac-xin



Pap rng thach thirc ve thuoc trwe tiép
tac doéng vao vi rut véi toc do cao
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Khéng thé Pan-sarbecovirus hién dang dugc phat trién va can
c6 san trong tuong lai

Nhiéu khang thé don dong (dwoc xac dinh t&r bénh nhan sbng sét sau Covid-19, SARS-CoVid1 va sau tiém
chling cho ddng vat va con ngudi) co thé 1am gidm hoat tinh tat ca cac loai sarbecovirus khi dwoc thir nghiém
trong moi trwdng in vitro

Wang PF et al., Emerging Micro and Infection 2022; Liu et al Science Transl Med 2022; Feng Sci Transl Med 2023



Khéng thé nhim vao vit chtt nhu ACE2: giam nguy cc bo so6t
vi khuin nhung c6é nguy co gy ra tac dung phu

- Anti-ACE2 Ab

Zhang et al Nat Micro 2023



Dau tu ding ké vao viéc phat trién cac phan td nho c6 kha
nang tic dong trén toan bé mot ho vi ruit
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Phat trién ciac phan ti nhé cé kha nang khang vi rat pho rong

Jochmans et al Cell Host Microbe 2023



Viéc stia dGi cac yéu t6 ctia vat chi ¢ thé hoat dong nhu mot
chit chong vi rat va cé hiéu qua & cac ho vi rat khac nhau

Reis et al., NEJM 2023; Saul et al., J Clin Inv 2023



Thu6c chdng vi rat tdc ddng truc tiép: nhim muc tiéu vao
RNA vi rat
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Nhim muyc tiéu vao RNA vi rat: Cong nghé CRISPR




CRISPR-Cas 13 la thu6c khang vi rat hiéu qua trong thi
nghiém




Cung cap CRISPR-Casl3 in vivo




mRNA-LNP c6 thé cung cdp CRISPR-Cas13 duéi dang thudc
chong vi rut

Empty LNP
Non-targeting crRNA
NCP crRNA

NTC = no template control; NT = non targeting; NCP = nucleocapsid

Kan, Zhao, Fareh et al (unpublished)



Cung cap mRNA LNP in vivo dén dudng ho hiap

Day 1 — Administration of

MRNA-LNP (2 ug/mouse)

Intranasal, intratracheal or
intravenous

Day 1 - 7 h post-treatment
Organ harvesting and imaging

Day 0 —Luciferase mRNA-LNP
labelled with DiD dye

Head

Lipid 1 mRNA LNP

— — Lung Liver

Lipid 2 mRNA LNP

Stan Kan, Rob DeRose, Wei Zhao, Zhenjun Chen and others IVIS imaging DiD and Luc



D06 dédc hiéu cao ctia Lipid 1_LNP d6i vé6i bi€u hién cia mRNA
& phoi sau khi truyén qua dudng miii

Biodistribution (DiD)

PBS

Lipid 1 - LNP

Lipid 2 - LNP

Kang, de Rose Zhao, Fareh and others; provisional patent submitted



Chién lugc sti dung RNA dé diéu tri COVID-19: m4t mo hinh
maéi?

Ce“ Article

Identification of a therapeutic interfering particle—A
single-dose SARS-CoV-2 antiviral intervention with a
high barrier to resistance

Idris et al., Molecular Therapy 2021; Chaturvedi et al., Cell 2022



Trung tam trng pho
dai dich toan cau

In September 2022, Geoff Cumming, a
Canadian philanthropist now based in
Melbourne, announced a gift of $250 million
to the Doherty Institute.

The gift will establish the Cumming Global
Centre for Pandemic Therapeutics.

The centre will provide long term mission
based funding to researchers to develop
novel platform technologies for therapeutics
for pathogens of pandemic potential.

Funding principals include 20% for discovery
research and 30% will be spent externally to
the Doherty Institute




Té6m tat va y nghia

» Ngoai vac xin, thudc khang vi rit c6 thé dong mét vai tro cue ky quan trong trong viéc ing pho
voi dai dich. Doi voi Covid-19, gua trinh phat trién phwong phép diéu tri con cham do benh phuc
tap va nhirng han ché cua cac phuwong phap phat trien thudéc khang vi rat hién cé

» Ngoai hop cong cu mé rdng gom céc loai thudc khang vi rdt phd rong, hién can dau tw dang ké
vao cac cong nghé nén tang co6 kha nang thich trng, cho phép phat trién nhanh chéng phwong
phap diéu tri déi v&i mam benh mai.

« Chinh stra RNA CRISPR-Cas13 RNA c6 dd dac hiéu va hiéu lwc cao cho phép kiém soat sy
sao chép cua SARS- Covi2 trong 6ng nghiém. Nhirng tién.bd trong cac hat nano lipid mRNA cé
liEn guan muc dé cao doi voi phuwong phap diéu tri nham muc tiéu RNA.

« RA&0 can tiép can san pham toan cau do chi phi va bang sang ché van Ia thach thirc 1&n can
dwoc giai quyét bén canh viéc dau tw vao khoa hoc va doi moi
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