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Simultaneous < Windows | macOS | Web app Android | iOS >

Translation
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SESSION 2 - MODULE 1 - 10 MINUTES

Opening & Recap of Session 1

A CEPI-led workshop for NRA regulators of the Americas C E P I



SESSION 2 - AGENDA

What Day 2 covers

Four modules build the answer to today's framing question — starting with this recap, then moving into emergency development, reliance, and
inspection.

Opening & Recap Recap of Session 1 and the framing question that runs through today.

Development under emergency How development and review compress when time is short.
Reliance in the Americas Regional experience using others' decisions to move faster.
° Product-specific GMP inspection Inspecting RNA and LNP manufacture against the right expectations.
@ Session 2 - Opening & Recap CEPI - Regulatory Pathways in the Development of RNA Vaccines
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RECAP

What we established in Session 1

The molecule The manufacture
MRNA elements — 5" cap, UTRs, antigen ORF, poly(A) tail — each Cell-free IVT and LNP formulation; sequence-agnostic and faster to
annotated and justified. adapt.
The RNA family The platform question
Standard mRNA, self-amplifying RNA, and circular RNA — one RNA, LNP, or both — the boundary shapes data-sharing and change
diversifying platform. management.

a Readiness & roles Six-domain self-assessment, product classification, and the two NRA roles.

@ Session 2 - Opening & Recap
Sensitivity: Official

CEPI - Regulatory Pathways in the Development of RNA Vaccines



PRIMER - mRNA, IN PLAIN TERMS

What mRNA is — and what it does in the body

MRNA is a short-lived instruction, not a drug that lingers. The vaccine delivers the message; your own cells make the antigen.

Deliver Translate Display Clear
The lipid nanoparticle carries the Ribosomes read the mRNA and The antigen is shown to the The mRNA is broken down within
MRNA into the cytoplasm of your build the target antigen, exactly immune system, which learns to days. It does not enter the
cells — it stays outside the as they read the cell's own recognise it. No live virus is genome and does not change
nucleus. messages. involved. your DNA.

Never enters the nucleus Never alters DNA Cleared within days

@ Session 2 - Opening & Recap CEPI - Regulatory Pathways in the Development of RNA Vaccines
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PRIMER - WHY IT MATTERS

Why this makes a fast, adaptable platform

The same mechanism that keeps mRNA transient also makes it a versatile platform — the process barely changes when the target does.

Plug-and-play Sequence-agnostic Transient & non-integrating
Swap the coding sequence, keep the No cell culture and no eggs. The same cell- Expression is temporary and the genome is
process. A new antigen does not mean a free chemistry makes any construct, so untouched, giving a well-characterised

new manufacturing method. scale-up is faster. safety profile.

‘ For an NRA: platform knowledge carries across products — the review of the process can be largely reused when only the sequence

changes.

@ Session 2 - Opening & Recap
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CEPI - Regulatory Pathways in the Development of RNA Vaccines



SESSION 1 - THE MOLECULE

Anatomy of the mRNA construct

Read 5" to 3, every element is deliberate. Only the coding region changes from one product to the next.

5 cap

Lets the ribosome recognize
the message and shields it
from rapid degradation.

@ Session 2 - Opening & Recap
Sensitivity: Official

antigen ORF

poly(A) tail

5 UTR

Tunes how efficiently the
message is translated into
protein.

antigen ORF

The coding region — the only
part that changes between
products.

PLATFORM VARIABLE

3"UTR poly(A) tail
Stabilises the message and A length-controlled tail that
helps sustain expression. further stabilizes and boosts
translation.

CEPI - Regulatory Pathways in the Development of RNA Vaccines



SESSION 1 - THE MANUFACTURE

Cell-free synthesis, then formulation

The mRNA is made in a tank with no living cells, then wrapped for delivery. The chemistry does not change when the sequence does.

DNA template , In-vitro transcription , Purification , LNP encapsulation , Fill & finish
A linearised plasmid encodes Enzymes synthesise the Template, enzymes, and The mRNA is wrapped in a Formulate, fill, and release
the construct to be MmRNA — a cell-free reaction, reaction by-products are lipid nanoparticle for delivery the finished product.
transcribed. no cell culture. removed. and stability.

the same platform process makes any construct.

@ Session 2 - Opening & Recap CEPI - Regulatory Pathways in the Development of RNA Vaccines
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SESSION 1 - THE RNA FAMILY

One platform, three RNA formats

The molecule can take several forms. The differences change dose and durability — but the regulatory questions rhyme across all three.

Standard mRNA Self-amplifying RNA
Encodes the antigen directly. The most Carries a replicase, so each molecule
mature format and the basis of the first makes more copies inside the cell —
licensed products. potentially much lower doses.

Circular RNA

A closed loop with no free ends, aiming for
greater stability and longer-lasting
expression.

— the review builds on shared foundations.

@ Session 2 - Opening & Recap
Sensitivity: Official

CEPI - Regulatory Pathways in the Development of RNA Vaccines



SESSION 1 - THE PLATFORM QUESTION

Where do you draw the ‘platform’ line?

‘Platform’ can mean the RNA, the delivery system, or both together. The boundary is a regulatory choice with real consequences.

RNA only LNP only RNA + LNP together
The message is the platform; the LNP is The delivery system is the platform; each The whole system is treated as a single
assessed per product. new RNA rides on it. platform.

‘ Why it matters: the boundary you choose shapes what data can be shared across products and how post-approval changes are managed.

@ Session 2 - Opening & Recap CEPI - Regulatory Pathways in the Development of RNA Vaccines
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SESSION 1 - READINESS & ROLES

Assessing readiness, and knowing your role

A self-assessment across six regulatory domains, a product classification, and the two roles an NRA can play — the set-up for Session 2.

Six-domain self-assessment
Scientific expertise
Analytical infrastructure
Legal & regulatory authority
Operational systems

Collaboration mechanisms

RNA GMP inspection readiness

@ Session 2 - Opening & Recap
Sensitivity: Official

Product classification — vaccine, biological, or gene therapy? The

‘ category sets the pathway, dossier, and inspectorate.

Manufacturing-country NRA

Oversees development and
production at source — the full
dossier, GMP, and release.

Importing-country NRA

Relies on the work of others where
possible, focusing effort on local
decisions.

CEPI - Regulatory Pathways in the Development of RNA Vaccines
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The mRNA Vaccine
Revolution

Core principles, safety, and regulatory pathways
of platform technologies

PLATFORM SCIENCE CLINICAL SAFETY REGULATORY PATHWAYS




VACCINE PLATFORMS lmmunoscﬁpt”

Four Generations of Vaccine Technology

Whole-organism either Recombinant subunit Adenoviral non replicating Synthetic in nature,
live and weakened, or vaccines, consisting of DNA and plasmid DNA carries the cells' message
killed forms specific protein antigens « VSV-Ebola vaccine to make the antigen for a
* Polio, hepatitis A, rabies, or protein components « COVID19 particular infection
influenza, yellow fever, * Seasonal influenza, * COVID19
measles, mumps, rubella, hepatitis B, HPV
typhoid

Process Economics

Time to manufacture




mRNA-LNP VACCINES: MECHANISMS OF ACTION AND PATHWAYS TO NEXT-GENERATION IMMUNITY

Powerful, Coordinated Immunity, Millions of Lives Saved. Continued Innovation for a Healthier Future.

nature

Nucleoside-modified mRNA-lipid-nanoparticle (mMRNA-LNP) vaccines confer a high level of protection against severe COVID-19 and, since their first authorization
for human use in 2020, have saved millions of lives. Their efficacy relies ort the induction of powerful and coordinated innate and adaptive immune responses.

THE mRNA-LNP VACCINE PLATFORM

MECHANISMS OF ACTION: FROM INJECTION TO IMMUNITY

2. Delivery & Cellular Uptake

1. Injection

5. Immune Activation

(Innate & Adaptive)

3. mRNA Release
& Translation

4. Antigen Processing
& Presentation

g Nucleoside-modified
mAMNA (wrapped on /—-q y =
i Y ..
surface) Jk % ) 2 - _. A S—
? lonizable lipid ey | MHCI
A
@ Phospholipid
mRNA-LNP LNPs drain to lymph MHC Il
¥ Cholesterol vaccine is nodes and are taken up mRMNA released into 9 Innate sensing and
S : Antigen presented on i ;
administered by various cells cytoplasm and MHC | and MHC Il cytokine induction
g PEG-lipid (IM or ID) (DCs, macrophages, translated into h an activate and shape
monocytes, others) antigen protein patirays adaptive immunity
- INNATE IMMUNE RESPONSE ADAPTIVE IMMUNE RESPONSE
./ \\
() Protects mRNA :
A - e . =
Jo o ,. o —
(/| Enables efficient cellular delivery — P @ —p a ? —p : =
E ° : gt CD8+ T cell Cytotoxic T cells
e 000. e s @ J"} activation kill infected
!\J}l Provides intrinsic adjuvant activity cells
= Pattern recognition Induction of Activationand  Upregulation of —
e receptors (2.0, TLR3,  type | IFMs and maturation of eo-stimulatory \@ Y"J‘ —r
\¥ ) Scalable and adaptable platform TLR7/8,RIG-|, MDAS)  pro-inflammatory  dendriticeells  molecules and Potent and durable
E sanse mRNA/LNP cytokines and other myeloid chemaokines CDa+ T cell B oell activation protective immunity
components cells activation and antibody against infection
production and severe disease
ADVANCING NEXT-GENERATION mRNA VACCINES
Enhance Immunogenicity @  mprove Tolerability Broaden Protection Optimize Delivery Expand Access Build Trust
Stronger, broader and Reduce reactogenicity Design for variant- / Refine LMNPs and Scalable, stable and @ @ Tansparent science,
more durable immunity while maintaining or resistant and O routes to target affordable vaccines "‘ pharmacovigilance
(including mucesal and enhancing protective **  pan-pathogen relevant cells and for global health and public
cellular responses) efficacy responses tissues equity engagement

KEY KNOWLEDGE GAPS

How are LNPs sensed by the
immune system and how do
they exert adjuvant activity?

What are the specific signals
and cellular pathways critical
for protective immunity?

Is it feasible to uncouple
vaccine immunogenicity
from reactogenicity?

How do different compenents
influence the quality, magnitude
and durability of responses?

®®® G

PLATFORM COMPONENTS
THAT CAN BE MODIFIED

mRMA sequence and structure
{antigen, UTRs, modifications)
Lipid compesition and ratios
(ionizable lipids, helper lipids,
cholesterol, PEG-lipid)
Particle size, charge and
surface properties

Dose and route of
administration

By ©@ ¥ 0O

Fermulation and sterage
conditions

THE IMPACT

Deepening our understanding of
® ® [ RNA-LNP vaccine mechanisms

will accelerate the development of

next-generation vaccines to tackle

emerging and challenging pathogens NATURE

for which effective vaccines do not

exist or need improvement. Nature, vol. 654, pp. 892-901
(2026)

mRNA-LNP vaccines represent a platform with extraordinary potential—driven by science, guided by immunology, and focused on

saving lives today while preparing for the health challenges of tomorrow.



The Regulatory Journey

Phased clinical
trials

Strict progression
through Phase |, Il and Il
human testing before
any licensure decision is
taken.

SO WHAT?

o2,

Expedited
transition

Emergency Use
Authorisation bridged
early rollout ahead of full
Biologics License
Application approval.

o3,

The platform
advantage

Seasonal strain updates
use a streamlined, flu-
shot style variation
pathway rather than a
fresh dossier.

[MMuno

LIFE SCIENCE

Continuous
pharmacovigilan
ce

Active post-market
surveillance tracks real-
world outcomes across
every authorised
population.

Because the platform itself is what gets licensed, a strain change is handled as a variation rather than a fresh dossier. That
single regulatory fact is why mRNA can move at outbreak speed.




Clinical Safety & Metrics

Expected
reactogenicity

Mild, temporary effects
— fatigue, a sore arm,
short-lived fever —
consistent with a
working immune
response.

SO WHAT?

o2,

Modified
nucleosides

Chemical modification of
the mRNA minimises
unintended innate
inflammation without
blunting
immunogenicity.

o3,

Exceptional
efficacy

Over 90% protection
against the initial
strains, with a sustained
reduction in
hospitalisation and ICU
admission.

[MMuno

LIFE SCIENCE

Rare event
tracking

Low-risk, manageable
instances of transient
myocarditis identified
early and mitigated
through label and dosing
guidance.

Reactogenicity is expected and self-limiting; the rare events are known, tracked and manageable. Regulators licensed the
platform on exactly that distinction.
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India's Regulatory Success Story

2022

DCGI emergency use
authorisation

GEMCOVAC®-19 became the
world's first thermostable mRNA
COVID-19 vaccine to reach
authorisation — and the first

developed wholly outside the
US or EU.

Sources: DCGI / CDSCO authorisation
records; Gennova

GEMCOVAC®-19

Thermostability

Regulatory

adaptation

Conditional
approval

Strategic impact

India's first indigenously developed mRNA vaccine. DCGI
emergency use authorisation, June 2022; GEMCOVAC®-
OM, the Omicron-specific booster, followed in 2023.
Stable at 2-8 °C, enabling rural distribution without the
ultra-cold chain that Pfizer and Moderna require.

DCGI mirrored global EUA frameworks while weighting
local feasibility and manufacturing readiness.

Granted against a commitment to ongoing
pharmacovigilance and real-world safety data.

Validated India's biotech ecosystem and set the
precedent for oncology and infectious-disease mRNA
therapies.



The Outlook

Expanding targets

Programmes now extend to rabies,
influenza, Nipah and Ebola alongside
COVID-19, at stages from preclinical
through clinical development.

SO WHAT?

o2,

Active pipeline

Clinical trials underway in
personalised oncology, where the
platform's speed of iteration matters
most.

[MMuno

LIFE SCIENCE

o3,

Agile defence

New target sequences can be
synthesised and scaled within days
of a genome being published.

The asset is the speed of iteration, not any one target. Days from sequence to candidate means the target list keeps growing
while the manufacturing platform stays unchanged.

Pipeline stages as of July 2026. Rabies, influenza, Nipah and Ebola programmes are in development, not authorised.



PLATFORM DEMOCRATISATION

Challenges in Democratising the Platform

mmurlorlp”

Differentiating Technology Overcoming Challenges

e Stableat2 -8 °C

* Uses adsorption chemistry for ease of Tech transfer -
manufacturing, minimizing losses and readily Regional Hub

scalable
/Supply of raw
* Uses the self amplifying mRNA platform, which / materials g

gives the advantage of a low dosing regimen

Scalability

 Backward Integration Ease of
Manufacturing

Ultra-low

temperature
logistics



Disease Agnostic Platform SRON e

SINQON Change
SN | the
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O o Nuc¥eotiées, DNA
Cofactors, Our mRNA Vaccines
Nucleotides &
Lipids « GEMCOVAC®- 19

* GEMCOVAC®- OM

have been granted
Emergency Use
Authorization

In-Vitro
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mRNA VACCINES: SAFE, EFFECTIVE, ADAPTABLE THE LANCET

A Transformative Advance in Vaccinology with Enduring Impact for Public Health and Beyond

A TRANSFORMATIVE PLATFORM HOW mRNA VACCINES WORK SAFETY BY DESIGN & REGULATION

i = @
R?apucjl divaicpmient @ Defined vaccine components (mRNA, LNP,
timelines 2 t s ;
L, * é 5 excipients) with rigorous quality controls
Scalable manufacturing Bt AN ) ,*_
Lipid nenopartisle \k—_—'/‘ : Robust manufacturing standards
Strong immunogenicity (LNP) delivers mRNA released 2 \ Antigen presented and lot-to-lot consistency
with favourable mRNA int cytoplasm Ribosome translates to immune system
safety profile mRNA into antigen activates strong P -
immune response TN Regulatory oversight by global authorities
- - —— (e.g. FDA, EMA, CDSCO)
Bnllfons g ciggedgainigsts tigichay >X  Transient cytoplasmic No genomic -‘t*.-': ¢ . Rapid clearance
OV DS unpiEcedented 5¢  expression integration 'y from the bod ‘— i itori
real-world evaluation across diverse = i €9 g y “—| Continuous safety monitoring and
“— 1 pharmacovigilance systems

fopalstions: Distinct from other gene therapies

CLINICAL EVIDENCE REAL-WORLD EFFECTIVENESS PUBLIC HEALTH IMPACT PUBLIC PERCEPTION & CONFIDENCE

: E e .
® ® @ Randomised cor_-ltr'olled trials Effectiveness across Savad illions of lves e
www demonstrated high efficacy and all age groups, d d Transparent communication
acceptable safety including older adults and prevented severe
outcomes

and adolescents

I High efficacy against ;.‘ Engagement with communities

v
@
I I symptomatic disease % Protects during © . I Reduced burden on
- severe disease and ks Ll 2 1““ n i | I healthcare systems

hospitalisation

Vaccine
Confidence

Beneficial i g Addressing misinformation
neficial in

e oy Strengthened pandemic

Consistent safety profile lati : o preparedness and health

; populations Reduces transmission = B ki Snd Sistiing ket

across trials and age groups : 1 system resilience uilding and sustaining tru
S80IOUR and supports community protection

NEXT-GENERATION mRNA VACCINES: THE ROAD AHEAD

THE LANCET
l‘ l Reduce reactogenicity d Broader and more Enhanced global access @ .. Sustainable public trust Expanding to cancer
and improve tolerability durable immunity and equity ..‘ and confidence b and autoimmunity P The Lancet, vol. 408,
- /" issue 10551, pp. 275-288
g (18 July 2026)
10

The accumulated evidence affirms mRNA vaccines as a safe, effective, and adaptable platform with enduring relevance for

future infectious disease prevention and public health preparedness, and for the treatment of cancer and autoimmunity.
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Thank you

Pioneering the future of precision therapeutics.
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GET IN TOUCH OFFICE

info@immunoscript.bio
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