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Discovery to delivery in

100 days: RNA therapeutics
& their role in future
pandemic preparedness

Tracy Humphries

Recently, the Coalition Epidemic Preparedness Innovations (CEPI) announced their ambition
to develop vaccines against emerging diseases in 100 days. mRNA vaccines are a manufac-
turing modality that is suited to meet the 100-day strategy. The technology offers great ben-
efits and potential for infectious diseases and personalized medicines due to the advantages
in flexibility, cost, and speed of development, but there are still challenges to overcome to
fully realize the potential. How can manufacturers prepare for rapid response?
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COVID-19 CHANGED THE
VACCINE MANUFACTURING
LANDSCAPE

The Covid-19 pandemic shone an intense
spotlight on the vaccine industry, placing an
unprecedented demand on biopharma manu-
facturers to develop and produce a vaccine in
a severely shortened timeframe. Fortunately,
what emerged were mRNA vaccines, which

www.insights.bio

proved the potential of this type of nucleic
acid—based therapeutic to be developed under
a fast timeline while also showing high effica-
cy rates.

Following on from the lessons learnt
during the pandemic, the Coalition for Epi-
demic Preparedness and Innovations (CEPI),
hosted the Global Pandemic Preparedness
Summit in collaboration with the UK Gov-
ernment. One of the key questions asked was
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“What if it took 100 days to make a safe and
effective vaccine against any virus?” Before
the Covid-19 pandemic, a vaccine could take
up to 10 years to develop, but this was con-
densed to just 326 days. Producing a vaccine
in 100 days could save lives, decrease eco-
nomic damage, and possibly even prevent
outbreaks from becoming pandemics. It’s an
ambitious goal, but CEPI believe this is pos-
sible by tightening and shortening timelines
at each stage

Partnerships and collaborations were key
to developing mRNA vaccines in a short
time, and they will continue to be essential
for the industry to achieve the 100-day
timeline. While the coronavirus pandemic
was a unique situation, it led to increased
investment from governments, bilateral and
multilateral donors, philanthropic orga-
nizations, development banks and private
sector investors, into the vaccine industry
and nucleic acid-based therapeutics overall

. With proven potential to treat diseases
in vivo and offer long-lasting effects, nucleic
acid—based therapies will continue to spark
biopharma’s creativity to develop more mol-
ecules with new functions to improve treat-
ments and patient outcomes.

ADVANCES IN NUCLEIC
ACID-BASED THERAPEUTICS

There have been extraordinary leaps in ad-
vancing development of many types of ther-
apeutics within the last decade, in part due
to advances in genomics, such as in bioinfor-
matics and sequencing. This includes the ex-
traordinary achievement of mapping the hu-
man genome, unlocking molecular pathways
important in disease

Different modalities can be used to pro-
duce different types of therapeutics, for ex-
ample, by using viral vectors, DNA, mRNA,
and proteins. Different modalities will have
different manufacturing challenges as well as
different advantages and disadvantages, de-
pending on what is needed by the manufac-
turer to produce the therapeutic of choice.

Viral vector systems are the traditional,
well-established method for producing vac-
cines, with proven efficacy through clinical
trials. There are many successful candidates
in place and manufacturers have developed
low-cost facilities around the technology.
However, it is slower compared to other
methods and requires the use of animal cells.
It is generally suitable for mid- to large-batch
scale. Protein vaccines also use the well-es-
tablished methods of the growth of living
organisms but can be relatively complex to
manufacture.

Because of the disadvantages to using tra-
ditional methods, there is high demand for
alternative vaccines with clinical efficacy,
high design flexibility, and fast manufactur-
ing timelines. Developing new nucleic acid—
based therapeutics is a research area where
this demand could be met.

“Therapy with nucleic acids either
uses unmodified DNA or RNA or
closely related compounds. From
both a development and regulatory
perspective, they fall somewhere
between small molecules and biologics.
Several of these compounds are in
clinical development and many have
received regulatory approval for human

»n

use

- Sridharan and Gogtay, 2016

Nucleic acid—based
particularly benefited from increased invest-

therapeutics have

ment, collaboration, and partnerships, from
the Covid-19 pandemic. Foreign Direct In-
vestment (FDI) grew by 52% in 2021 accord-
ing to GlobalData [5] with investments made
to organizations providing services or prod-
ucts related to genomics, DNA and RNA
sequencing and genetic engineering. Some
examples of this increased activity are shown

below:

» Merck announced a collaboration
agreement with Orna Therapeutics a
biotechnology company pioneering a new
investigational class of engineered circular
RNA (oRNA) therapies [6];
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» Eli Lilly have invested $ 700 million to
create the Lilly Institute for Genetic
Medicine, following their acquisition
of Prevail Therapeutics, a gene therapy
pioneer and investment into MiNA
Therapeutics Ltd, a pioneer in RNA
activation therapeutics ;

» EtheRNA, a developer of mMRNA
therapeutics, has seen millions invested
including from companies like Novalis [9];

» Arcturus, an mRNA medicines company,
received $63.2 million from the US
government to support development of
saRNA vaccines

With several start-ups now working in the
early stage of next-generation RNA technol-
ogies, we should expect this interest to con-
tinue

Nucleic acid—based therapeutics can be
created using several sources. They include:

» DNA plasmids-small circular DNA molecule
found in bacteria and other microscopic
organisms that ranges in size from 4000-
15000 base pairs;

» Protein-encoding mRNA-longer strand
of mRNA, ranging from 100-20000
nucleotides, that is generally defined by the
coding sequence it contains;

» Non-coding mRNA-shorter sequence of
MRNA, ranging from 10-150 nucleotides,
that does not contain a coding sequence
(i.e., it is not translated into a protein)

THE POTENTIAL OF RNA-BASED
THERAPIES

There are different types of RNA, each with
a unique function. A useful distinction is to
broadly classify RNA molecules into coding
RNA (e.g., mRNA) or non-coding RNA
(ncRNA) . Self-amplifying RNA
(saRNA), circular RNA (circRNA), and
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trans-amplifying RNA (taRNA) have been
shown to have coding potential, but their
functionality is largely uncharacterized. Less
than 2% of the human genome sequences en-
code for proteins.

ncRNAs do not undergo translation, but
they are believed to serve as regulatory ele-
ments in the genome. Thus, they could hold
the key to broadening our understanding of
gene regulation in the context of human dis-
ease. Examples of small ncRNAs include ribo-
somal RNA (rRNA), transfer RNA (tRNA),
small nuclear RNA (snRNA), piwi-interact-
ing RNA (piRNA), micro-RNA (miRNA),
and silencing RNA (siRNA).

This diversity provides huge potential but
also brings interesting challenges for manu-
facturers, as it may be that different mole-
cules are suitable for different therapeutics.
For example, therapeutic modalities for
mRNA include replacement therapy, vacci-
nation, and cell therapy [16]. Therapies creat-
ed from siRNA usually involve gene down-
regulation, miRNA target multiple genes
within one pathway for broad but specific
response, thus making them useful for can-
cer [17].
Most mRNA vaccines in clinical trials to-
day are the traditional non-replicating type.
Non-replicating mRNA vaccines are transient
by nature and typically express antigen for a
few hours or days. For some applications this
can be beneficial; however, for others, such as
systemic protein therapies, extended expres-
sion of a protein would be beneficial
However, saRNA can deliver genes, such as
a viral RNA polymerase, to enable mRNA to
self-replicate. While this requires delivery of
a more complex and longer RNA molecule,
it could provide greatly enhanced biological
activity, which allows for lower doses
CircRNA is attractive for its increased sta-
bility, allowing rapid production via in vitro
transcription without nucleotide modifica-
tion, thus providing cost savings. However,
at this time, it is still difhcult to tell if it will
offer more than linear mRNA. CircRNAs are
expected to be potential biomarkers for many
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—» FIGURE 1

Different types of coding mRNA and ncRNA molecules.
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RNA molecules classified into coding RNA (mRNA), where they carry the code for protein synthesis or non-coding. saRNA, circRNA and taRNA
are shown here as having coding potential. ncRNAs do not undergo translation and there is a size different between the larger coding RNAs to
the smaller ncRNAs. Examples of small ncRNAs include ribosomal RNA (rRNA), transfer RNA (tRNA), small nuclear RNAs (snRNA), piwi-interacting
RNAs (piRNAs), micro RNAs (miRNA) and silencing RNA (siRNA). Some small ncRNAs are classed as having a regulatory effect and are involved
in RNA silencing. miRNA modulates physiological and developmental gene expression. siRNA medicates sequence-specific cleavage of nascent
mRNAs. piRNA may protect the germline from genome invaders [12]. Long ncRNAs (IncRNAs) are widely expressed and have key roles in gene
regulation [13]. Categorization has been shown here based on action, but this is not exhaustive. mRNA can be in-vitro transcribed (IVT) for
therapies [14] and for small ncRNA, oligo synthesis is an option [15].

diseases, with recent advances shown in mel- muscle of a mouse [21]. Since then, the in-

anoma [20]. dustry has seen rapid development and ex-
pansion. Today, more than 140 clinical
trials have looked at mRINA to address infec-

tious disease, cancer, and a variety of other

mMRNA technology is changing the

way therapies are developed
application areas.

The potential of mRNA vaccines gained While there are questions over the advan-
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scientific attention in 1990 after the in vivo
expression of a protein was observed upon
injection of naked mRNA into the skeletal
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tages and disadvantages of the types of mRNA,
the overall potential is clear. mRNA therapeu-
tics are currently being developed in many




areas. The advances made in mRNA vaccines
for infectious diseases are renowned, but less
is known about RNA therapies that are be-
ing developed by reimagining what is possi-
ble with existing technologies, such as in vivo
gene editing techniques, RNA cell therapy as
a safer alternative to CAR T and using mRNA
to deliver the sequence of an antibody as an
alternative to cells. RNA technologies are also
being researched for use in allergen-specific
immunotherapy as well as in agriculture
as a vehicle to replace pesticides

mRNA systems in comparison to tradi-
tional viral vector systems, are much faster as
they do not require animal cells. This also po-
tentially makes them safer, although mRNA
vaccines have yet to have the proven efficacy
and safety of viral vector vaccines due to their
novelty. Many manufacturers do not wish
to invest in additional technology to manu-
facture a new modality, particularly one that
currently has increased logistical costs. How-
ever, mRNA vaccines have the potential to
work for small- to medium-batch sizes as well
as large-batch scale, making them suitable for
personalized medicine

NEW MODALITY FOR CANCER
TREATMENT

mRNA vaccines have also gained traction as
a therapeutic approach for treating cancer.
mRNA can elicit immune responses to mu-
tated oncogenes or regulatory cancer genes
such as TP53, which are shared across many
cancers, in a therapeutic pan-cancer approach.
Other approaches for cancer include personal-
ized therapy, where vaccines are developed for
a person’s individual mutations. In this regard,
a patient’s mutanome would be identified by
next-generation sequencing, and a handful of
custom mRNA vaccines would be developed
targeting the individual’s neoantigens

The speed and potential cost gains of
mRNA technology make it an interesting
technology for personalized medicine. It is
possible to take tumor tissue samples and
develop mRNA vaccines that result in the
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expression of tumor antigens Many
companies are working on integrated system
mRNA processing solutions for this, such as
CureVac with an mRNA printer and compa-
nies pursuing plug and play approaches like
Nutcracker Therapeutics . However, there
is also room for improvement in smaller scale
c¢GMP manufacturing, as much of the cur-
rent equipment is repurposed from the bio-
tech industry and is designed for much larger
scales than needed for mRNA.

Therapeutic cancer vaccines are advancing
quickly in development, with over 70 clini-
cal trials completed and more results expect-

. Tech-

niques under evaluation include the direct

ed in the next two to three years

stimulation of antigen-presenting cells via ex
vivo electroporation of mRNA. Other ap-
proaches include direct intratumor injection,
whole body approaches, and targeted organ
approaches. Currently over 50% of clinical
trials using mRNA focus on the treatment
of melanomas and prostate and brain cancer

. 'Thus, while numerous applications of
mRNA vaccines are in various stages of de-
Velopment, targeting speciﬁc organs, tissues,
and cells with lipid nanoparticles (LNPs) is
still under research.

CONSIDERATIONS FOR RAPID
PANDEMIC RESPONSE

In an article for The New England Journal of
Medicine
who work at CEPI wrote that there are five

, several doctors and scientists

categories to focus on to enable a rapid vac-
cine strategy:

» Leveraging insights about new pathogens
and technologies;

» Supporting innovation in the vaccine
development process;

» Advancing analytics to inform processes;

» Promoting collaboration among
stakeholders;

» Continuously reviewing evidence to
support approval
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Implementing current best practices while
leveraging these goals could enable develop-
ing pandemic vaccines in 100 days. To al-
low rapid testing of candidates, the National
Institute of Allergy, and Infectious Diseases
(NIAID) proposed to develop and character-

. The goals for
the NIAID Preparedness Plan are similar in

ize prototype vaccines

scope, proposing to
» Characterize pathogens of concern;

» Shorten timelines between pathogen
emergence and countermeasures;

» Bridge or eliminate gaps in research,
infrastructure, and technology

Key findings from previous pandemics and
epidemics indicate a lack of existing diagnos-
tics, therapeutics, and vaccines, low manu-
facturing capacity; process efficiencies, and a
lack of coordination and preparedness
The 100-day mission suggests that embed-
ding best practices and preparation into usual
process measures is needed, for example, by
making simplified and transferable manu-
facturing practices the norm and enabling
scaled-up processes when needed.

With several choices available, it may be
that manufacturers of therapeutics will need
to adopt a flexible approach to manufac-
turing, as one modality could suit a specific
therapeutic better than another. At this time,
manufacturers may find themselves with a
choice to stay with a specific modality (e.g.,
mRNA vaccines, viral vector vaccines) or
focus on a specific research area and adapt
manufacturing to what is needed. This re-
quires a degree of resilience in manufacturing
strategies.

The timeline for manufacturing and re-
lease of a clinical-grade vaccine will always
be platform dependent, but mRNA vaccines
offer the potential to be completed in as lit-
tle as five weeks , in comparison to viral
vector systems which can take around 6-36
months . The increased speed from dis-
covery to delivery for mRNA vaccines, will
enable manufacturers to bring vaccines to the
market quicker. This allows the technology to

be suitable for meeting the 100-day strategy
timeline. However, to be able to achieve this,
manufacturers need to enhance their plat-
forms now for rapid scale-up potential.

OVERCOMING MANUFACTURING
CHALLENGES

While there are many challenges to manufac-
turing a therapeutic, a key challenge is adapt-
ing processes. Often, solutions are home-built
or optimized for other molecules and distrib-
uted processes can lead to bottlenecks. Many
manufacturers don’t have as much knowledge
of these new arenas of manufacturing devel-
opment and so they have not yet been stan-
dardized. This leads to challenges with op-
erations, personnel, process, quality control,
contamination, and others.

Process is central to biomanufacturing. A
biomanufacturing enterprise includes pro-
cessing parameters, facility, resources, and
infrastructure; these elements are integrated
and influence each other. When assessing
vaccine manufacturing, many of the tech-
nical operations will be translatable, regard-
less of modality, especially when following
GMP manufacturing guidance. While some
processes will be different for each modality,
there will also be many similarities in oper-
ations, such as the equipment used for pu-
rification and iz vitro transcription (IVT).
Holistic solutions can reduce project risks,
stabilize costs, maximize capacity, and help
speed up time to market.

One challenge for mRNA manufactur-
ing is that it is much smaller scale than tra-
ditional cell-based modality manufacturing,
requiring manufacturers to think differently
about their space. However, this is one of the
reasons why mRNA is so attractive, as it can
provide considerable space and cost savings.
Changing parameters in cell-based manufac-
turing usually results in time delays, whereas
in mRNA manufacturing this is much quick-
er and doesnt have as many contamination
issues to address. This makes mRNA vaccines
suitable for the 100-day strategy.
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Process challenges for mRNA include
DNA linearization and purity at various stag-
es of the process. Purification can be more
challenging for mRNA molecules because,
due to their size and varying impurity pro-
files, they do not interact well with traditional
chromatography resins. Flexibility in purifi-
cation technologies or allowing process de-
velopment scientists to mix and match media
based on the specific characteristics the mol-
ecule, may help alleviate this problem. Other
challenges can include obtaining GMP-grade
reagents and ensuring continuous supply of
raw materials.

FLEXIBILITY TO SCALE IS KEY
TO SUCCESS

With more modality and scale diversity than
ever before, it’s important to build in flexible
and resilient solutions that allow researchers
the ability to scale, and scale rapidly, if need-
ed. One of the most common bottlenecks in
the current manufacturing of mRNA is scal-
ing, with mass population vaccines needing
larger-scale production technology. Manu-
facturers can build flexibility into their pro-
cesses by ensuring that equipment is scalable
and supports the transfer from process devel-
opment to GMP manufacturing. Flexible,
configurable manufacturing solutions, such
as the Cytiva FlexFactory™ platform and
KUBio™ modular facilities, offer full start-
to-finish, tailored solutions, developed and
delivered for monoclonal antibody (mAb)
applications as well as for plasmids, mRNA,
and viral vectors.

One way to look at the scale of manufac-
turing is to estimate market size, the uptake
of a potential therapy, and the dosing strate-
gy, and then back calculate from that. Invest-
ing in flexibility will make it possible to grow,
allowing a small fast start with something
that is easy to scale up or scale out. Consid-
ering manufacturability and scale-up from
the beginning can avoid problems later in the
process. A protocol or method that quickly
gives a pure product for early clinical material
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might be great, but if it can’t scale up or be
used in manufacturing, this will become an
issue.

Manufacturability includes assessing ma-
terial suitability and thinking about material
sourcing early. Continuous planning, includ-
ing maintaining a close relationship and reg-
ular communication with suppliers, is critical
for rapid expansion of manufacturing facil-
ities. It is also essential to know the quality
attributes of the product, so early thinking on
QC testing can save time later in the process.

Targeted delivery of mRNA therapeutics is
an issue that needs to be addressed, as mRNA
is unstable and needs protection from RNAse
degradation. Delivery methods include lip-
(LNPs),

nanomaterials, silica nanoparticles, carbon

id-based nanoparticles polymer
and gold nanomaterials and N-Acetylgalac-
tosamine (GalNAc). Examples of proven ef-
ficacy of the LNP platform include patisirin
and Alnylam and the COVID-19 vaccine
from BioNTech and Moderna

LNPs are typically formed in a rapid mix-
ing process using microfluidic devices ,
which is more of an art than an established
method. Greater understanding of the influ-
ences of the LNP ingredients and their effect
on LNP stability, delivery, efficiency, immune
response, and ultimately patient outcomes
would benefit the industry . Optimiza-
tion of LNPs and other delivery technologies
is critical to determining the ultimate success
or failure of a therapeutic.

Filling and finishing of vaccines will also
need to be considered for rapid response. Dis-
tribution can be an issue, as current mRNA
vaccines require frozen storage. Alternative
methods, such as lyophilization, are under
study [33], with Gennova recently achieving
approval for its COVID-19 vaccine in pow-
der form

The ethos of flexible and scalable solutions
is something that Cytiva promotes across
many product ranges, allowing support of
manufacturing in various modalities, includ-
ing non-viral delivery for genomic medicines,
and at different scales . Manufactur-

ers can be prepared for future pandemics by
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https://www.cytivalifesciences.com/en/us/solutions/bioprocessing/products-and-solutions/enterprise-solutions/flexfactory
https://www.cytivalifesciences.com/en/us/solutions/bioprocessing/products-and-solutions/enterprise-solutions/kubio
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—» FIGURE 2

Scalable equipment, from process development to manufacturing and flexible single-use components, support optimization.
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Scalable equipment from process development to manufacturing and flexible single-use
components supports optimization.
building flexibility into their processes, help-  meet the 100-day vaccine strategy, due to the
ing to ensure that equipment is scalable and  increased speed they offer during the manu-
supports the transfer from process develop-  facturing stage. RNA therapeutics is a rapidly
ment to GMP manufacturing at a rapid pace.  growing field, with many applications in de-
velopment and therapeutics in clinical trials.
The technology offers great potential in the
areas of infectious disease and personalized
ﬁgf_‘gﬁ_ﬁi?glﬁ?ﬁé i( (;r OHEAY medicine due to its advantages in flexibility,
VACCINE cost, and speed of development. There are
still challenges to overcome to fully realize
Currently, mRNA vaccines are one of the the possibilities, but some of these will be ad-
most suitable manufacturing modalities to dressed with increased focus and funding.
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