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MRNA VACCINES: HARNESSING THE BENEFITS,
ADDRESSING THE CHALLENGES

EXPERT INSIGHT

A blueprint for quality by digital
design to support rapid RNA
vaccine process development,
manufacturing & supply

Simon Daniel, Zoltan Kis, Cleo Kontoravdi & Nilay Shah

The COVID-19 crisis has highlighted the critical role of vaccine manufacturing in managing
infectious disease outbreaks and pandemics. Enhancing RNA manufacturing capability, dis-
tribution and flexibility will now be central in future epidemic preparedness and emergency
response strategies. This insight showcases the adaptation of Quality by Design (QbD) prin-
ciples to RNA vaccine platform production processes. In particular, the implementation of
a digital, holistic, and RNA-specific QbD approach can revolutionize vaccine development,
regulatory approval, and manufacturing. We discuss how this framework can help over-
come the remaining scientific, industrial, and regulatory challenges, potentially leading to a
globally distributed network of versatile and pre-approved manufacturing platforms. A new
blueprint is herein proposed for the development, validation and lifecycle management of
these platform processes.
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A PROMISING PLATFORM brought this new technology to the forefront
TECHNOLOGY FOR INFECTIOUS of biotechnological innovations [1,2]. RNA
DISEASE MANAGEMENT manufacturing has played a critical role in

The rapid development of safe and efficient vaccine supply and global vaccination pro-
RNA-based vaccines against SARS-CoV?2 has ~ grams, with new production processes being
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developed and scaled up at unprecedented
speeds

The rapid vaccine development and pro-
duction timelines, coupled with recent geno-
typing methods, make it particularly suitable
. Vac-
cine design is highly versatile and enhanced

to respond to emerging threats

by automated bioinformatic pipelines

Within two days of the SARS-COV2 virus
being sequenced, Moderna had designed
its mRNA vaccines and had started phase I
studies six weeks later with an initial clinical

batch

vaccines, RNA-based products can be devel-

. Furthermore, unlike conventional

oped and manufactured based on a potential
disease-agnostic platform technology. Apart
from the DNA template, the raw materials,
consumables, equipment, staff, and analytical
approaches can all remain unchanged across
different vaccines [9]. Thus, production can
be rapidly repurposed, and knowledge easi-
ly transferred. RNA manufacturing further
relies on a small-scale, rapid, scalable, and
affordable cell-free production system

Compared to other emerging technology,
RNA manufacturing appears relatively simple
. Overall, this already
enabled the approval and mass production of

and transferable

life-saving vaccines in record time

Although the efforts, collaborations, and
flexibility seen during this health crisis deliver
a hopeful message, the approach taken seems
neither sustainable nor optimal to contain
new emerging threats and manage infectious
diseases. The high-risk financing strategy,
unprecedented public incentives, and large-
scale donations of vaccines are hardly appli-
. Additionally,
production has rapidly gained pace but is

cable in the long run

currently highly centralized in high-income
countries, while global demand is still not
met . Vaccine inequity notably contrib-
uted to many preventable deaths and eco-
nomic damages in Low- and Middle-Income
Countries (LMICs). Fair and global access
to COVID-19 vaccines would also help to
prevent the emergence of new variants world-
wide. The disputes surrounding RNA vaccine
allocations highlighted the need for LMICs

to rapidly reach sovereignty over vaccine ac-
cess . It is now clear that strengthening
domestic vaccine capacities in these countries
is fundamental

Moreover, the bright prospect of this
technology is leading to increasing pressure
for RNA platform development worldwide

. Currently, more than a hundred RNA
vaccines are being developed against infec-
tious diseases, with a pool of candidates in
the clinical pipeline in exponential growth
. This list includes vaccines against

many unmet medical needs, including ma-
laria, HIV, and tuberculosis

In addition, as of today, manufacturing
processes have been mainly developed under
a dominant Quality by Testing paradigm and
scaled up in a relative emergency
The requirements to transfer knowledge be-
tween vaccines and sites are not well-estab-
lished yet. New manufacturing challenges are
likely to emerge from multiproduct process
. One of them will be the

assurance of similar safety and quality level

development

regardless of the RNA sequence, route of ad-
ministration, and organ targeted . En-
suring the thermostability of vaccines is also
on everyone’s mind . On top of these
industrial and scientific challenges, regulato-
ry barriers still limit the versatility of RNA
technology.

All of this illustrates the many gaps pre-
venting this new technology from reaching
its full potential. A truly immediate-response,
multiproduct RNA platform is still not a real-
ity today. The Global Pandemic Preparedness
Summits 100 Days Mission, aiming for ac-
cess to safe and efficient vaccines within 100
days of outbreak identification, remains also a
remote prospect [35]. However, an ambitious
application of Quality by Design (QbD)
principles appears very promising to under-

. QbD is defined

as ‘a systemic approach that emphasizes pro-

pin a paradigm shift

cess control and product and process under-
standing based on sound science’ . In
an enhanced framework, process knowledge
is further supported by advanced analytics,
modeling, and computational tools [39]. This
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initiative, strongly backed by regulators for
many years, has been a step towards pharma-
ceutical continuous improvement, manufac-
turing modernization, and greater flexibility

. However, this powerful methodology
has not yet been fully applied to a vaccine or
any other platform technology

AN EVOLVING & NASCENT
REGULATORY FRAMEWORK FOR
RNA VACCINE RESPONSE

The COVID-19 pandemic shed light simul-
taneously on the regulatory path for vaccine
emergency authorization and manufacturing
process development . Even during
public-health crises, vaccine approval is high-
ly regulated and monitored. Emergency use
authorization (EUA) still requires detailed
information on manufacturing and control
. More precisely, manufacturers need to
demonstrate that production processes can
consistently produce vaccines with adequate
quality at commercial scale. Additional data
can however be provided following initial ap-
proval, considering the patient risk-benefits
balance, but without ever compromising on
product safety and efficacy. Following ICH
Q9 guidelines, product and process under-
standing can offer more flexibility on data re-
quirements and post-approval commitments
. The extent of this remains determined
by the application of adequate knowledge
management and quality systems, aligned
with the principles of ICH Q8 [46]. In the
case of COVID-19 mRNA vaccines, it al-
ready led to a significant reduction in regu-
latory burden . Amongst others, the
European Medicines Agency (EMA), U.S.
Food and Drug Association (FDA), and
World Health Organization (WHO) have is-
sued similar emergency use validation on this
same basis
However, many hurdles remain to stream-
lining and harmonizing such fast-track reg-
ulatory processes . The exact require-
ments of EUA remain blurry, limiting fast

. This is

decision-making and approval

EXPERT INSIGHT

exacerbated by the high heterogeneity regard-
ing approving, release testing, reviewing pro-
cesses, and timelines worldwide . Ad-
ditionally, the lack of self-reliance and mutual
recognition mechanisms between agencies
compound the problem, undermining time-
ly and sustainable access to vaccines. Global
production of unified vaccines is further im-
peded by the fragmentation of this regulatory
landscape. Thus, the challenge of providing
a rapid and sustainable vaccine supply to af-
fected populations, wherever they might be,
requires thinking outside the box.

Notably, future guidance and approaches
should embed the platform nature and the in-
herent specificities of RNA technology
The current regulatory landscape for RNA
remains nascent and incomplete . De-
spite the full market authorization (FMA) of
both Pfizer’s and Moderna’s vaccines against
SARS-CoV-2, there is no consensus on man-
ufacturing, control, and approval require-
ments .

Recently, the WHO launched consulta-
tions to draw up plans for convergence of
industrial and regulatory practices for RNA
vaccines evaluation . Given the current
state of knowledge, the initial draft guidance
offers an open and flexible standard
Crucially, the questions of knowledge trans-
fer and RNA platform definition are explic-
itly addressed, raising hope for a seamless
knowledge transfer between future vaccines.
Now, practical and target guidance aiming at
technology transfer and knowledge sharing
would be welcomed for LMICs and would-
be manufacturers.

Overall, while rapid development must
remain fully compliant with global stan-
dards, there is still much room for innova-
tion. Many proposals have already emerged
to accelerate Chemistry Manufacturing
and Control (CMC) vaccine development,
further catalyzed by the COVID-19 crisis.
Following Medicine Adaptive Pathways to
Patients (MAPPs) CMC paper in 2017, the
EMA and FDA set up the Joint Workshop
and the Prior Knowledge Workshop
These proposals tackle the use of prior
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knowledge in accelerated regulatory appli-
cations, and a recent white paper from the
European Federation of Pharmaceutical In-
dustries and Associations (EFPIA) extended
these principles toward COVID-19 vaccine
development [59]. Numerous collaborations
between key stakeholders have since been
enhanced. It is concluded that the use of
platform knowledge, science, and risk-based
approaches are central to overcome cur-
rent barriers and accelerate supply. Again,
the implementation of a QbD framework,
which is a global regulatory initiative, can
play its full role . Amongst others, it can
help provide information outside of con-
ventional approaches and represents a good
trade-off between the lack of harmonization
and the need for regulatory flexibility. With-
in this stringent regulatory landscape, QbD
seems to offer many solutions throughout
the RNA vaccine lifecycle, from initial plat-
form development and pre-approval to man-
ufacturing post-approval management.

IMPLEMENTATION OF A
HOLISTIC QUALITY BY DIGITAL
DESIGN APPROACH TO RNA
MANUFACTURING PLATFORM
DEVELOPMENT

In its fullest form, QbD must be applied
systematically throughout vaccine and pro-
. QbD further culminates

when this framework is used in combina-

cess lifecycles

tion with advanced analytical and modeling
tools. We call this ‘Quality by Digital De-
sign (QbDD)’

perspective, the enhanced knowledge and

. From a platform

control strategy can be transferred to new
vaccines and processes.

The recent development of a dis-
ease-agnostic, RNA-specific framework pro-
vides initial guidance for rapid implemen-
. In addition, the review of RNA
vaccine critical quality attributes (CQAs),

tation

critical process parameters (CPPs) and prod-
uct-process relationships offers an initial risk
assessment to support this paradigm shift.

The relative simplicity of vaccine design and
production processes makes this technology
perfectly suited for an early and ambitious
QbDD implementation. Particularly, the
cell-free nature of the In Vitro Transcrip-
tion steps reduces the inherent variability of
conventional cell-based upstream process-
es, facilitating knowledge transfer between
vaccines. Similarly, the use of mechanistic
models is particularly promising to optimize
production processes and vaccines quality in
a transferable manner
More strikingly, for this manufacturing
technology to achieve its platform potential,
QbD appears as a canonical requirement. Re-
cent knowledge assessments have highlight-
ed the remaining unknowns and obstacles
to achieving a versatile production platform
. Amongst others, it will be critical
to better predict and control the impact of
critical material attributes, RNA size, second-
ary structures, and plasmid DNA heteroge-
neities on process performance and product
attributes . In particular, it would unlock
the development of promising, but more
fragile, self-amplifying RNA vaccine technol-
ogy . Additionally, the manufacturing
requirements for new routes of administra-
tion and organ-targeting strategies need to
. The ability to fine-tune
the properties of RNA formulated in lipid

be resolved

nanoparticles (LNP), without jeopardizing
RNA integrity or vaccine safety, seems crucial
. Ultimately, QbDD offers a path to over-
come these scientific gaps, however, a switch
from a product-centric towards a more plat-
form-centric mindset looks necessary.

OUTBREAK PREPAREDNESS:
QBDD AS A KEY ENABLER OF
PLATFORM PRE-APPROVAL

Following these principles, platform-specif-
ic regulatory approaches can be adopted to
streamline, standardize and facilitate knowl-
edge and data transfer. Within this scope,
vaccines should be manufactured based on
the same or highly similar manufacturing

DOI: 10.18609/vac.2022.33
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QbDD continuous development principles.

Disease
identification

Product,
process
and
platform
LCM
CPV QbD
framework Development
and Cycle
process DT

CPV: Continuous process verification; CQA: Critical quality attributes; DS: Design space; DT: Design twin; LCM:
Life cycle management; PP: Process parameter; QbD: Quality by Design; QTPPs: quality target product profile.

process, refining the statutory definition of
a ‘platform’. The use of validated scale-down
platform models to support such pre-ap-
proval also seems reasonable, given the scal-
ability of current processes [59]. It should be
noted that active substance (RNA) and drug
product (RNA formulated in LNP) manu-
facturing can be decoupled if needed [49,50].

In this context, an RNA manufacturing
platform can be pre-approved regardless
of the precise RNA sequence and disease
targeted. Platform data are thus required
and should ideally include information
from a wide spectrum of RNA vaccines.

Vaccine Insights - ISSN: 2752-5422

Prototypical libraries of RNA constructs and
lipids can be established and updated in a
risk-based manner. This will ultimately de-
fine an initial pre-approved scope for future
vaccine development within the platform.
In addition to conventional CQA testing,
standardized protocols can be implemented
to ensure production of consistent vaccines
at different facilities. This could typically
include in vitro potency assay and detailed
measurement of RNA-LNP structure [73-
75]. Exploring the limits of the Design Space
can test the robustness and suitability of de-
veloped models. Additionally, the capability

223



224

INSIGHTS

of production processes can be thoroughly
tested. For instance, the ability to tune im-
munogenic properties, LNP size, and sur-
face charge can determine platform versatili-
ty . Resolution criteria, such as size
tuning at 10 nm intervals, can be proposed
and defined

Besides, a deep understanding of prod-
uct-process interactions would be crucial to
support this bold approach. Following QbD
principles, a combination of prior knowl-
edge, specific platform experiments, and risk
assessments will help classify CQAs. Differ-
ent subsets of CQAs will need to be accu-
rately defined. For instance, product-specific
and platform-specific CQAs can firstly be
distinguished based on observed and pre-
dicted variability. Then, a more detailed re-
view of the target ranges and controllability
of vaccine specific CQAs can complete this
assessment. As an example, while RNA in-
tegrity and LNP inner structure are likely
to be vaccine- and sequence-dependent, ad-
vanced process control can limit the forma-
tion of certain product and process-related
impurities in a completely disease-agnostic
. On the other hand, the
therapeutic target is likely to define the de-

manner

sired LNP surface properties

This leads to a re-thinking of conventional
QbD regulatory tools. Process Design Space
can be conceptualized in a more dynamic
manner, with product-specific targets and
properties as fundamental inputs. Some vac-
cine heterogeneities will necessitate further
adaptation. A promising avenue is the use of
hybrid modeling approaches, combining a
mechanistic part, built primarily on platform
data, and a vaccine-specific data-driven com-
ponent [64]. The latter can cope with future
vaccine heterogeneities, potentially relying on
sequence data, plasmid DNA testing, or lim-
ited process data to adjust process operating
regions. In time, machine learning methods
will be able to extract key features of differ-
ent therapeutic families. Another powerful
tool to ensure consistent process and vaccine
quality is the use of real-time model-based
process control and digital twins . As

integral parts of vaccine process design and
control, the principles of such modeling tech-
niques can also belong to platform regulatory
revisions.

Interestingly, this pre-approval could also
encompass Good Manufacturing Practice
(GMP) inspections, reviewing of quality
and knowledge management systems. Qual-
ity control and assurance remain particu-
larly critical in EUA filing. The application
of QbD principles in analytical methods
development, validation, and lifecycle man-
agement would therefore be essential
In other words, the performance of analytics
should remain suitable and consistent regard-
less of the RNA vaccine produced [85]. The
newly drafted guidelines of ICH Q14 and
Q2R2 should facilitate rapid industrial ad-
aptation . Additionally, the approval
of an appropriate raw materials supply and
testing strategy would also ease subsequent
submissions

Although platform pre-approval has not
yet been implemented within the industry,
this proposal remains fully compliant with
current practices. From a regulatory perspec-
tive, it may be considered as an extension of
current CMC rolling review principles to
platform processes [89]. A redesigned lifecy-
cle plan for process validation can be drawn
from this . Regulators should howev-
er help manufacturers de-risk such platform
development by providing vital guidance and
assurances. A more formal acceptance of the
‘platform’ concept is awaited. The EMA al-
ready introduced the concept of a “platform
technology master file” (PTMF), a compre-
hensive submitted dossier comprising all data
and information relative to a platform
While certified PTMFs are already in place
for veterinary vaccines development, the Coa-
lition for Epidemic Preparedness Innovations
(CEPI) and International Alliance for Biolog-
ical Standardization (IABS) are promoting its
extension to human use as part of the revision
of pharmaceutical legislation

On a final note, pre-approved databases
may take several forms, but need to remain

flexible and upgradeable. Their scope is

DOI: 10.18609/vac.2022.33
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likely to be determined by manufacturers’ ex-
perience and investments, know-how sharing,
and regulatory incentives. Besides, as a part of
the platform lifecycle, each new vaccine devel-
oped under this scheme would contribute to
updating and improving platform knowledge.

OUTBREAK RESPONSE:
QBDD-ASSISTED PROCESS
DEVELOPMENT, VALIDATION
& LIFECYCLE MANAGEMENT

Following the identification and genotyping
of an emerging infectious disease, platform
pre-approval can guide rapid process devel-
opment and optimization. Even at the initial
vaccine design stage, the QbD methodology
is helpful. The gap between process and prod-
uct development can indeed be bridged in the
long run, although challenges will remain in
identifying effective target antigens. For in-
stance, sequence design strategies can include
sequence manufacturability and their impact
on other CQAs
consistent and optimal production, further
ensuring CQAs and KPIs are likely to be met.
Platform-specific sequence motifs could even

. It would allow more

be conceived

At early process development, only a small
subset of vaccine specific CQAs would now
be scrutinized, limiting and streamlining the
experimental work. The platform design space
can thus be rapidly refined and restricted. Al-
though entirely in silico process development
can be possible in the future, other approach-
es include rapid parametrization of hybrid
models and targeted testing at the plasmid or
RNA levels. The measurement of RNA sec-
ondary structure, RNA-LNP structure, and
thermal stability can be additional checks
to set up vaccine-specific operating regions

. Model-based QbD can also greatly

assist process scale-up and knowledge trans-
fer. Both platform and process development
could notably occur at validated small scale,
further accelerating process design

Once the manufacturing process has been
optimized, the next critical step is process

validation. Traditionally, this stage follows
process development and scale-up. It is often
rate-limiting in terms of regulatory approval,
as process qualification requires full-scale
vaccine-specific studies. An alternative and
risk-based approach for EUA, relying exten-
sively on a pre-approved RNA platform, is
herein proposed.

First, process validation can take the form
of limited studies and post-approval com-
mitments, justified by rational platform
knowledge. Ideally, standardized protocols,
templates, and risk assessments can be draft-
ed and made publicly available. These docu-
ments could detail minimum data require-
ments and studies, as well as good practices
in the management and use of pre-approved
platform databases. Besides, a holistic and
digital QbD approach, supported by process
analytical technologies (PAT), would enable
the adoption of a robust continuous process
verification (CPV) framework at manufac-
turing scale [99]. This will be of paramount
importance in removing conventional testing
and regulatory requirements.

Secondly, one of the major challenges of
current RNA technology remains its ther-
mal instability . For example, approved
mRNA vaccines against COVID-19 need
to be stored below -20°C or lower and re-
quire complex cold chains for distribution
and storage . Although stability infor-
mation is a requirement for shipping and
approval, extensive core-shell data packages
would certainly restrain urgent vaccine sup-
ply. While QbD can already be a key element
in improving thermal stability, its potential
is even greater . Stability modeling can
indeed be a powerful tool for predicting vac-

cine shelf-life

have already been successfully implemented,

. Kinetic-based approaches

and sequence-based algorithms are now under
intense development to achieve vaccine-spe-
cific models . Eventually, stability
studies could be postponed post-approval.
Accelerated development also implies an
increased number of pre- and post-approval
manufacturing changes. Greater flexibility

is therefore necessary to enable sustainable

DOI: 10.18609/vac.2022.33



supply while allowing continuous improve-
ments. Briefly, it is crucial that changes can
occur smoothly without additional clinical
studies to demonstrate vaccine efficacy and
safety. QbDD is once more essential to sup-
port risk-based comparability assessments
Enhanced platform understanding
and process modeling can together justify the
preservations of many vaccine attributes and
properties. Furthermore, an approved phar-
maceutical quality system relying on mod-
el-based process control, PAT, and CPV can
handle many changes routinely. Compara-
bility demonstration can thus focus only on
meaningful changes. These principles can be
expanded towards variants management as,
later, minor changes in RNA coding sequence
can be considered as a moderate risk post-ap-
proval change. If supported by regulators, this
could enable RNA technology to timely re-
spond to emerging strains and variants
Indeed, despite initial promises from manu-
facturers, the mRNA sequence of COVID-19
vaccines has not been yet updated to tackle
the emergence of SARS-CoV2 variants
In emergency situations, the scope of
these comparability studies can go beyond
continuous improvement activities. Similar
templates and protocols can be applied to
permit cross-platform production and the
emergence of technology transfer hubs
An assessment of manufacturing and analyt-
ical gaps will be required, but an alignment
among stakeholders regarding testing and
characterization studies could help stream-
line this process.

TOWARDS A DISTRIBUTED
MANUFACTURING LANDSCAPE

The RNA disruption process will certainly be
fulfilled when these multiproduct production
platforms are distributed worldwide. As stat-
ed above, international technology transfer is
a requisite for global and equitable vaccine
supplies. In the long term, the willingness
of LMICs to produce their own vaccines is
now evident. While Moderna is investing in
Kenya, the WHO is launching a technology
transfer hub in South Africa

EXPERT INSIGHT

Even though many technical and industrial
obstacles remain to be overcome in the near
future, QbD will greatly assist such ambitious
technology transfers . First, the develop-
ment of a science-based quality system is cru-
cial, and likely rate-limiting, to entering the
RNA field. QbD and process modeling en-
able new manufacturers to adjust to site-spe-
cific constraints and variabilities. The devel-
opment of these standardized comparability
studies would also be helpful. Additionally,
the adoption of QbD and PAT would pave
the way toward continuous manufacturing,
further reducing costs, footprint, and finan-
cial resources required to set up new facilities.
Simultaneous process digitization would also
allow platform automation and limit the bur-
den of quality control and the need for a high-
ly skilled workforce. Research towards the de-
velopment of such a small-scale, deployable,
and automated platform is already under-
way . Multiproduct manufacturing
makes this approach even more economically
attractive.

In summary, the proposed blueprint for fu-
ture RNA development is driving a more lo-
calized manufacturing model, for the benefit
of everyone. New RNA manufacturing sites
can form the building blocks of a coordinated
and agile manufacturing response to new in-
fectious threats. This manufacturing network
would allow regionalized response and vaccine
campaigns, adapted to local needs. It will also
ease clinical trial enrolments and foster inno-
vations for unmet medical needs on a global
scale. The development of robust and local
supply chains would further foster flexibility
and pandemic readiness. The on-site manu-
facturing of DNA under GMP guidelines, us-
ing for instance synthetic routes, could com-
plement this decentralized manufacturing
landscape . Care will need to be taken
with the management of the inbound materi-
als supply chain for such a system, given the
complex nature of some of the input materials
(e.g., plasmid templates, enzymes, NTPs, and
capping reagents) to ensure equivalent quality
in different locales.

Vaccine Insights - ISSN: 2752-5422
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Learning from previous outbreaks, hesitan-
cy and mistrust of this technology in LMICs
can be reduced through the development of
more local and trusted vaccine ecosystems.
Partnerships and the formation of profession-
als need to be rapidly intensified. In addition,
a network of infrastructure and logistics al-
lowing mass vaccinations is needed in these
countries. Oversight and regulatory mecha-
nisms need to catch up in parallel.

CONCLUSION

Given the stakes and the nature of RNA
technology, the implementation of a holis-
tic, digitized, and shared QbD framework is
a realistic target. Its application goes beyond
what we have seen and expected in other
vaccine technologies. Firstly, it would enable
truly disease-agnostic production processes,

guarantying optimal quality and unlocking

vaccine rationale design. QbD will also play a
major role in accelerating vaccine process de-
velopment and approval processes, while en-
suring regulatory compliance and appropriate
lifecycle management. This new blueprint still
demands a profound restructuring of both
manufacturing and approval processes and
timelines. No shortcuts need to be taken, but
continuous reviewing processes and platform
development will be key. Finally, QbD can
also be a cornerstone for international tech-
nology transfer. The successful implementa-
tion of these principles can eventually lead to
a more distributed and agile manufacturing
landscape. A reliable network of rapid-re-
sponse, versatile and pre-approved platforms
can be a great leap toward future outbreak
containment and pandemic prevention. More
than ever, coordinated efforts between RNA
vaccine developers, manufacturers, states, and
international bodies are needed.
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RNA pioneer Ingmar Hoerr:
from entrepreneur to
philanthropist

Charlotte Barker, Editor, Biolnsights, speaks to Ingmar Hoerr,
co-founder of CureVac & Morpho Foundation

INGMAR HOERR founded “CureVac, the RNA people” together
with colleagues in Tiibingen, Germany in 2000. His entrepreneur-
ship was motivated by his surprising discovery during his doctoral
research that naked mRNA can be expressed in vivo without the
risk of rapid degradation, while exhibiting the ability to generate
strong specific immune responses, in contrast to what had pre-
viously been believed. During his time as CEO until June 2018,
Ingmar initiated with CureVac the first clinical human trials testing
mMRNA therapeutics, thereby contributing to the development of
the mRNA industry. During this time, he and his colleagues raised
approximately $500 million in equity and significantly grew the
company. He held the position of chair of the Supervisory Board
of CureVac AG until March 2020. Ingmar was advisor to former
EU commissioner Carlos Moedas of the European Innovation Council. He is a member of the
Board of Trustees at the Max Planck Institute for Developmental Biology. In June 2021 he and
his wife Sara Hoerr initiated the MORPHO Foundation, together with Florian von der Miilbe,
also Founder of CureVac and his wife Kiriakoula Kapousouzi. He is Honorary Senator of the
University of Tuebingen and in November 2021 he received the Honorary Citizenship of the

City of Tuebingen.
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Ingmar Hoerr played a key role in the development of mRNA vaccines and therapeutics, co-founding CureVac in 2000.
After suffering an aneurysm rupture in 2020, he left CureVac and found a new passion in the non-profit Morpho
Foundation. We caught up with Hoerr to discuss his early work on RNA, life in a startup, and future hopes.

Q What was your route to working with RNA?

IH: It was my PhD at the University of Tiibingen that got me started working in
RNA. My mentor, Hans-Georg Rammensee, heard a talk in the US by Eli Gilboa, in which he
described producing RNA-transfected dendritic cells and reinjecting them in mice to generate
immune responses. We thought: why not just directly inject RNA into mice and see what
happens?

I worked in collaboration with Giinther Jung in the chemistry department, who was
developing liposomes. I encapsulated RNA and plasmid DNA in these liposomes and also
used naked RNA. I thought the naked RNA was too unstable and would be degraded within
seconds when injected into mice but, to my astonishment, the naked RNA worked best,
even better than the encapsulated RNA. T wanted to know how this RNA got into the cells
so rapidly without being degraded. I immediately saw that it could be a great tool and felt
compelled to continue this work. We now know RNA is much more stable than it was re-
garded at that time.

After my PhD, I interviewed for roles with pharmaceutical companies and told them
about my RNA expertise, but they were completely uninterested in RNA. I could not follow

my interest in RNA in the pharma business, so I was forced to do it alone.

Q Soon after your PhD, you co-founded CureVac - how did you
approach launching a start-up?

IH: It felt like a big risk to launch a startup without any business expertise, so |
did an MBA to help me get started with CureVac. Next, I worked to get some great scien-
tists involved in the project. To garner the interest we needed, we knew we had to start clinical
trials and gather human data.

What helped most was that I truly be-
lieved in the concept and had the data to \

back it up. It was the data that was driving

things forward and helping me to achieve

the goals I wanted. “| trU|y be||e\/ed Iﬂ the
| . concept and had the data
Q How did you get funding for P i

CureVac in those early days? to back it up. It was the
IH data that was driving things

« We learned the hard way. We re- forvvard and he|p|ﬂg me to
ceived a loan from the local bank in Tiibin- . )
gen to buy our first machines and pay the achieve the gOa|S | wanted.
first employees. We persuaded the bank by K J
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explaining that we were also selling RNA to customers — a service business model was easier
for them to understand.

To drive this service, we had to make a website and a catalog, arrange logistics, etc. We
learned how to create a business from the very beginning — it was our sales that provided us
with money to survive.

Later, we got access to an ‘angel investor’ and tried to secure funding via other venture
capitalists. Unfortunately, our angel felt that the scientific community was not on our side,
and we were forced to pay back his investment. We had a lot of problems raising money.
We were not business people — we were scientists first and foremost — so fundraising did not

always come naturally to us!

I H: When we started CureVac, | knew nothing about modified RNA. I was using a
natural stabilizing element found in Xenopus laevis — 5*and 3" untranslated regions at the ends
of RNA, which exist for stabilization purposes rather than for translation.

In addition, we increased the GC content of the RNA to stabilize it, as GC has three hy-
drogen bonds, whilst AU has only two hydrogen bonds. This was our core technology from
the beginning, and we obtained intellectual property protection for it.

Modified and unmodified approaches are not synergistic; you can use one or the other,
but it is not possible to combine them. Therefore, we were hesitant to use Katalin Karikd’s
approach with modifications, because it would render our approach useless. CureVac has

always focused on its own proprietary technology.

IH: I am very happy to see RNA emerging as a breakthrough technology, with
many other companies now pursuing it and many new patents coming out. This is
exactly what we wanted from the very beginning. I was always sad that there were only two or
three companies out there working on this technology; it could have been much more.

Looking at what happened with COVID, RNA has proven that it has the potential to
save the world. Without RNA, we may have found another solution, but not as quickly
as we did with such a cost-saving method. It makes me very happy to see the proof of this
technology.

RNA can be used in many applications, including vaccines, tumor therapy, and gene
repair, and is always produced the same way. Coding on RNA is like a pencil writing on a
piece of paper. I believe there is a bright future for RNA technologies in a range of diseases,
for example, aging and malnutrition.

I left CureVac 2 years ago, due to health issues. However, I know the people currently
working there are clever people who are driving the company forward. They are working to

follow up with data, and I do not think they have any reason to stop now.
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CureVac is going back to the cancer field,

and I believe we can do a lot there. Cancer / “Togethel’ \/\/|th my Wlfe Sa ra \

patients, who often do not have very strong and Florian von der Miilbe
Co-Founder of CureVac,

sponses. It is possible that we will not see the and his \/\/hce, | founded
side effects that we have seen with healthy the M orp h 0 FO un dafIO N | N

immune systems, can be more tolerant of

vaccines that provoke strong immune re-

people receiving RNA COVID vaccines. .
Tubingen.”
Finding people who believe in the tech- K gen.

J

nology can be hard, especially people with l/
the money to make things happen. When

talking to someone like Dietmar Hopp or Bill Gates, you can see their energy and enthu-
siasm for the cause. It makes me happy to have inspirational talks with these people who

understand the potential of this technology and believe in change.

Looking back, is there anything you would have done differently?

IH: A lot of things, of course! Some things have to be learned the hard way. You
must learn from mistakes — and try not to make the same mistake twice.

I am happy that we learned from misfortune and failures. For example, CureVac’s prostate
cancer vaccine did not work as we expected. Of course, we were sad, but we had to see how

to adapt it so that it might work.

What is your main focus for the future?

IH: My current health issues have been the hardest thing I've faced in my life.
Even harder than founding CureVac!

My family is now my priority — my wife and I have 7-year-old twin boys, and my family
deserves more of my attention. Before my aneurysm, CureVac was my family. I was into
CureVac with everything, body and soul. I needed to change that and have more real family
time.

That said, I didn’t want to just stay home — wanted to be involved in a start-up again.
I find that the more people are around me and the more we talk about things, the less we
actually achieve. I like to keep things simple, with a small team.

Together with my wife Sara and Florian von der Miilbe, Co-Founder of CureVac, and his
wife, I founded the Morpho Foundation in Tiibingen. We leverage our expertise in health
and culture (my wife worked at the opera) to support a range of projects. For example, we are
currently supporting projects related to medical care in India and theatre lessons in primary

school.

DOI: 10.18609/vac.2022.30




INTERVIEW

AFFILIATION

Ingmar Hoerr
Co-founder,
CureVac & Morpho Foundation

AUTHORSHIP & CONFLICT OF INTEREST

Contributions: The named author takes responsibility for the integrity of the work as a whole, and have
given their approval for this version to be published.

Acknowledgements: None.

Disclosure and potential conflicts of interest: The author discloses he is the inventor of some CureVac
patents which are not affected by the article and that he has CureVac stock options. The author has
no other conflicts of interest

Funding declaration: The author received no financial support for the research, authorship and/or
publication of this article.

ARTICLE & COPYRIGHT INFORMATION

Copyright: Published by Vaccine Insights under Creative Commons License Deed CC BY NC ND 4.0
which allows anyone to copy, distribute, and transmit the article provided it is properly attributed in
the manner specified below. No commercial use without permission.

Attribution: Copyright © 2022 Hoerr I. Published by Vaccine Insights under Creative Commons Li-
cense Deed CC BY NC ND 4.0.

Article source: This article is based on an interview with Ingmar Hoerr, carried out on July 5 2022.

Interview held: Jul 5 2022; Revised manuscript received: Sep 1 2022; Publication date: Sep 9 2022..

Vaccine Insights - ISSN: 2752-5422 205



VACCINEINSIGHTS

RNA VACCINES: HARNESSING THE BENEFITS,
ADDRESSING THE CHALLENGES

BIOINSIGHTS

AV

INNOVATOR INSIGHT

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?

Vaccine Insights 2022; 1(4), 267-277
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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];

DOI: 10.18609/vac.2022.38



» 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

INNOVATOR INSIGHT

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-

270

scientific attention in 1990 after the in vivo
expression of a protein was observed upon
injection of naked mRNA into the skeletal

DOI: 10.18609/vac.2022.38

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

INNOVATOR INSIGHT

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

INNOVATOR INSIGHT

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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—» 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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The success of MRNA vaccines against COVID-19 has fueled significant global interest
in the development of MRNA vaccines against other infectious diseases and cancer. The
COVID-19 pandemic has also highlighted the complex and fragmented nature of the intel-
lectual property landscape relating to mRNA vaccines. 2022 has also seen the first signifi-
cant patent infringement cases relating to mRNA vaccines. This article examines the types
of patents that protect key aspects of mMRNA vaccine technology and considers the impact of
the existing IP landscape and recent patent litigation on future mRNA vaccine development.
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INTRODUCTION

It has been less than 2 years since the first
messenget RNA (mRNA) based vaccines
were approved for use against coronavirus
disease (COVID-19), yet in that short time
billions of doses of those mRNA vaccines
have been administered globally and millions
of lives have been saved as a result. This suc-
cess has fueled significant global interest in
the development of mRNA vaccines against
other infectious diseases and cancer. Numer-
ous companies and institutions are actively

www.insights.bio

carrying out research into mRNA vaccines
and a number of mRNA vaccines for indica-
tions other than COVID-19 are now being
tested in the clinic. However, although the
first mRNA-based vaccines have only recent-
ly been approved for use, the mRNA vaccine
platforms used and under development today
are underpinned by a multi-decade-long his-
tory of research and development.

As well as shining a spotlight on mRNA
vaccines as a new and promising category of

vaccines, the COVID-19 pandemic has also
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generated significant interest in intellectual
property and debate about the role that patents
play in enabling or hindering innovation. This
scrutiny has also highlighted the complexity of
the intellectual property landscape relating to
mRNA vaccines. Perhaps unsurprisingly, the
number of patent applications filed relating
to the use of mRNA as a vaccine for both in-
fectious diseases and cancer increased dramat-
ically over the five years to 2020 with patent
owners ranging from large multinational bio-
pharma companies and smaller biotech com-
panies to universities and research institutions

. Given the long history of development, the
platform nature of mRNA vaccine technology,
and the growing number of entities conduct-
ing research in the field, it will also come as
no surprise that the intellectual property land-
scape relating to mRNA vaccines is complex
and highly fragmented.

2022 has seen the first significant patent
infringement cases relating to mRNA vac-
cines. These high-profile cases illustrate how
important it will be for anyone developing
new mRNA vaccines to appreciate the com-
plex patent landscape surrounding mRNA
vaccines and the resultant need to consider
intellectual property strategy and freedom to
operate issues early in development.

In this article, we examine the types of pat-
ent that protect key aspects of mRNA vaccine
technology. We also consider recent patent lit-
igation and the impact of the existing intellec-
tual property (IP) landscape on future vaccine
development. This article is based on publicly
available information only, is non-exhaustive,
and is not intended as legal advice.

PATENTS: A BRIEF
INTRODUCTION

A granted patent provides its owner (or pos-
sibly its licensee) with the right to prevent
others from exploiting the invention claimed
by the patent for a limited period. In the UK
and the US and many other jurisdictions, the
term of a patent is 20 years from the date of
filing, although patent term extensions can

be obtained in certain countries; such ex-
tensions, which can be up to an additional
5 years in the UK and the US, are designed
to compensate the patent holder for delays to
market that are caused by the regulatory ap-
proval processes for new medicinal products.

Patents are territorial, which means that a
patent can only be used to prevent infringing
activities in the country in which it is granted.
Patent portfolios, therefore, consist of a series
of national patents each covering a different
jurisdiction. While some patent owners may
take a global approach to patent filing, often
the costs associated with filing and maintain-
ing patents mean that patent owners will fo-
cus geographic coverage on key jurisdictions
(which may vary from product to product).

The inventions protected by patents can
be broadly categorized as products or pro-
cesses. However, there are multiple different
claim types that can be granted, and which
set out the boundaries of the protected inven-
tion. With regard to mRNA vaccines, and by
way of example, such claims could cover the
mRNA sequence itself, the delivery system
for the mRNA vaccine, the dosage regimen
for the mRNA vaccine, the medical use(s)
for the mRNA vaccine, processes for produc-
ing mRNA vaccines generally, and processes
for the manufacture of a particular mRNA
vaccine.

Although the focus of this article is on pat-
ents, it is important to appreciate that patents
are not the only means by which innovations
can be protected. An alternative is to rely on
confidentiality restrictions and trade secrets
law to protect unpatented know-how. This
can be particularly useful in protecting as-
pects of a product, its development, or man-
ufacture which may be difficult to obtain a
patent for (such as drug discovery and devel-
opment methods).

MRNA VACCINES & PLATFORM
DEVELOPMENT

One of the reasons why mRNA vaccines have
generated so much attention is the platform
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nature of the technology. mRNA vaccines
have been described as ‘plug and play’; a ref-
erence to the fact that, in theory, only the
mRNA coding region need be changed in or-
der for an mRNA vaccine to target a different
indication. From a public health perspective,
this is attractive because it could enable new
vaccines to be developed rapidly in response
to new viral threats and updated quickly to
address new variants. From a commercial per-
spective, an mRNA vaccine platform could
accelerate time spent in early development
and enable more standardized large-scale
production. The platform nature of mRNA
technology also means that mRNA could po-
tentially be used as a vaccine for a wide range
of diseases. Illustrating this versatility, a num-
ber of mRNA vaccines for indications other
than COVID-19 are now being tested in the
clinic, including vaccines against Cytomega-
lovirus, Respiratory syncytial virus, Human
immunodeficiency virus, and different can-
cer types including melanoma and colorectal
cancer

Despite the headline-grabbing stories de-
tailing the astonishingly rapid development
of both the Moderna and Pfizer/BioNTech
COVID-19 vaccines, the two vaccines are
in fact underpinned by decades of develop-
ment work into both mRNA and delivery
platforms. Importantly, from an intellectual
property perspective, this means that a num-
ber of patents relevant to mRNA vaccine plat-
forms pre-date the COVID-19 pandemic.

mRNA was discovered in 1961(3] and the
possibility of harnessing mRNA as a drug or
a vaccine has long been considered. Howev-
er, it wasn't until the 1990s that research on
mRNA began to gain momentum, and even
then, the field of synthetic mRNA research
encountered many challenges. Challenges
that researchers developing mRNA vaccine
platforms have needed to overcome include
ensuring that mRNA does not trigger an ad-
verse immune response, that the mRNA can
be delivered into host cells without being
degraded, that the mRNA can be correctly
read by ribosomes inside a patient’s cells, and
that host cells express enough of the encoded
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antigen to have a therapeutic effect. As the
field has progressed, researchers have found
solutions to each of these challenges, and in-
terest in mRNA vaccines has grown. In recent
years, companies active in the mRNA field
have been investing heavily in designing and
optimizing their mRNA platforms to address
each of these challenges. This has translated
into a significant focus on, and patenting of,
mRNA sequence engineering and chemistry,
delivery systems (including composition and
chemistry of lipid nanoparticle delivery sys-
tems) and manufacturing processes.

Nucleoside-modified mRNA

One of the key breakthroughs in the field
of mRNA came in 2005, when discoveries
made by Katalin Kariké and Drew Weiss-
man at the University of Pennsylvania solved
the issue of synthetic mRNA triggering an
uncontrolled immune response in patients

. Kariko and Weissman discovered that
by incorporating pseudouridine (a naturally
modified mRNA nucleoside), instead of uri-
dine, the modified mRNA could circumvent
the body’s inflammatory immune response
to the synthetic mRNA [5]. The University
of Pennsylvania, therefore, owns a number
of patents relating to nucleoside-modified
mRNAs and their uses. Both Moderna and
Pfizer/BioNTech’s COVID-19 vaccines use a
modified nucleoside approach and, according
to securities and exchange commission (SEC)
filings, both companies have taken non-ex-
clusive sub-licenses of mRNA patents owned
by the University of Pennsylvania (via a cas-
cade of sub-licenses from mRNA RiboThera-
peutics and Cellscript). Whilst these licenses
are non-exclusive, SEC filings indicate that
mRNA RiboTherapeutics and Cellscript are
subject to certain time restrictions on grant-
ing additional sublicenses for in vivo uses in
humans.

While not all mRNA vaccines under
development have used the same nucleo-
side-modified approach, disappointing tri-
al results from CureVac’s first generation
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mRNA COVID-19 vaccine, which used
normal uridine instead of pseudouridine,
led to speculation that it was this difference
which resulted in lower-than-hoped-for efh-
cacy compared to the Moderna and Pfizer/
BioNTech vaccines [6].While it is too early
to know for sure, the success of the Mod-
erna and Pfizer/BioNTech COVID-19 vac-
cines seems to support the case for modified
mRNA, and in turn the value of the patents
owned by the University of Pennsylvania
(licensed to mRNA RiboTherapeutics and
Cellscript).

Delivery, delivery, delivery - LNP
composition and chemistry

mRNA is inherently unstable [7] and to func-
tion n vivo needs to be packaged inside a de-
livery system to ensure that it can be safely
delivered into target cells without being de-
graded. Delivery has long been recognized
as one of the key obstacles to the successful
development of RNA-based technologies; as
Nobel Prize-winning researcher and Alnyl-
am co-founder, Phillip Sharp, was quoted as
saying as early as 2003, the major hurdle for
RNA is “delivery, delivery, delivery”

Lipid nanoparticles (LNDs), used to en-
capsulate. mRNA, are currently the most
commonly used delivery system for mRNA
vaccines [9]. Although other delivery systems
have been developed (including lipids, lip-
id-like materials, polymers, and protein de-
rivatives) , LNPs are currently the only
delivery technology that is approved for use in
mRNA vaccines (used by both the Phizer/Bi-
oNTech and Moderna COVID-19 vaccines).

Like mRNA, LNPs also have a long histo-
ry of development. Early work on LNPs was
carried out by Pieter Cullis and his laborato-
ry at the University of British Columbia and
LNP technology was further developed by a
number of companies associated with Cullis,
including Canadian biotech companies Ar-
butus Biopharma Corporation (Arbutus) and
Acuitas Therapeutics, Inc. (Acuitas)

Several companies have since taken licenses

of LNP patents from Arbutus and, in 2018,
Arbutus spun out rights to its LNP technol-
ogy (excluding rights to hepatitis B) into Ge-
nevant Sciences GmBH (Genevant) as part of
a joint venture with Roivant Sciences Led.

Prior to the development of the mRNA
COVID-19 vaccines, LNPs had already been
successfully used as a delivery system for oth-
er technologies, most notably in RNAI ther-
apeutics pioneered by Alnylam Pharmaceuti-
cals (Alnylam) and also recently in genome
editing technology. Alnylam gained approval
in 2018 for the world’s first approved RNAi
therapeutic, ONPATTRO (patisiran), which
is currently approved for the treatment of
polyneuropathy caused by hereditary ATTR
amyloidosis. ONPATTRO uses an LNP
system that was developed by Arbutus and
in-licensed by Alnylam. Alnylam itself has
also developed its own proprietary LNP sys-
tems and owns several patents covering novel
cationic biodegradable lipids. Patents owned
by Arbutus and Alnylam have each been the
subject of recent patent litigation relating
to COVID-19 vaccines (discussed further
below).

The LNPs used in the mRNA COVID-19
vaccines consist of four main components:
a neutral phospholipid, cholesterol, a poly-
ethylene-glycol (PEG)-lipid, and an ioniz-
able cationic lipid . Each element of an
LNP affects the properties and function of
an LNP system and there is, therefore, sig-
nificant scope for engineering and optimiz-
ing LNDPs. With research ongoing to address
remaining challenges associated with LNPs
(such as shelf-life and stability, targeting, op-
timal loading, and manufacturing challenges)

it seems likely that the number of pat-
ents relating to the use of LNPs in the deliv-
ery of mRNA vaccines will continue to grow.
Companies involved in the development of
mRNA vaccines (including Moderna and Bi-
oNTech) have been investing significant time
and efforts into optimizing the chemistry
and safety of LNPs and developing their own
proprietary systems. SEC filings from Mod-
erna indicate that it has an extensive portfo-
lio of patents relating to its mRNA platform,
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including novel lipid components designed
for optimal expression of both therapeutic
and vaccine mRNAs.

BioNTech uses a number of delivery for-
mulations for its products, including lipid
nanoparticles and its own proprietary lipo-
plex (lipid carriers) formulations for which
it has several patent filings in its sole name.
Again, reflecting the importance of delivery
systems to the success of an mRNA product,
SEC filings reveal that BioNTech also has sev-
eral active third-party partnerships focused
on this area including a non-exclusive license
from Acuitas for LNP formulations used in

the Pfizer/BioNTech COVID-19 vaccine.

MRNA VACCINE
PATENT PORTFOLIOS

Aside from patents covering nucleoside mod-
ification and delivery technology, there are a
variety of other types of patent which may
cover an mRNA vaccine candidate. These in-
clude mRNA vaccine compositions encoding
antigens for specific indications, mRNA se-
quence engineering and chemistry (including
patents directed at various features of mRNA
structure), engineered protein sequence pat-
ents, and patents covering different aspects of
mRNA manufacturing.

According to SEC Filings, as of December
312021, Moderna had more than 170 issued
or allowed U.S. patents or patent applications,
more than 110 granted or allowed patents
in jurisdictions outside of the US, and over
430 additional pending patent applications.
Moderna’s SEC filings state that the company
typically pursues patent protection for both
product and method of use claims. Moder-
na has a broad prophylactic vaccine patent
family including claims to lipid nanoparticle
encapsulated mRNAs that encode infectious
disease antigens for different indications (in-
cluding COVID-19) and also includes meth-
ods using those compositions for vaccination.

BioNTech has also indicated it has a broad
patent estate comprising over 100 patent
families owned by BioNTech (exclusively or

COMMENTARY

jointly), all of which include at least one fil-
ing in the EU or US with several pending or
granted patents in multiple jurisdictions. Bi-
oNTech’s SEC filings suggest that its patent
estate includes patents directed to features of
therapeutic mRNA structures, mRNA for-
mulations (including its lipoplex formula-
tions and lipid nanoparticles), mRNA man-
ufacturing, and uses of mRNA therapeutics.
Aside from Moderna and BioNTech, there
are also many other companies actively devel-
oping mRNA vaccines including CureVac,
GlaxoSmithKline, Sanofi (having acquired
Translate Bio in 2021), and Arcturus Thera-
peutics, each of which is also building patent
portfolios relating to mRNA vaccines.

PATENTING CHALLENGES

Although precise requirements vary from ju-
risdiction to jurisdiction, as a minimum, a
patent will only be granted for new and in-
ventive products or processes. This general-
ly means that the claimed invention cannot
have been published previously. In addition,
the invention cannot be an obvious iteration
of something that existed beforehand. In
the context of an mRNA vaccine, these re-
quirements for novelty and non-obviousness
present certain challenges to patentability.
For example, if the sequence of the antigen
or protein encoded by the mRNA has been
published, then the coding region of the
mRNA is unlikely to be patentable. Even if
the translated protein has been engineered, it
may still be difficult to obtain a patent for the
related mRNA coding region if the steps tak-
en to engineer the relevant antigen or protein
were obvious.

Interestingly, despite the commercial suc-
cess of both the Moderna and Pfizer/BioN-
Tech COVID-19 vaccines, early patent ap-
plications filed for both vaccines are facing
considerable uncertainty as to whether they
will proceed to grant. International Search
Reports prepared by the European Patent Of-
fice (EPO) have highlighted issues with both

novelty and inventive step based on the prior
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publication of the SARS-CoV-2 genome and
prior publications which described specific
proline substitutions (so-called 2P muta-
tions) which had previously been made to
other coronaviruses (and for which the US
National Institutes of Health (NIH) has been
granted a patent)

These patentability challenges associated
with claims for mRNA vaccines encoding
previously published proteins, or proteins
that have been engineered in a previously
published manner, mean that some of the
other types of patents relating to mRNA vac-
cines highlighted above (such as LNP chemis-
try and formulation and manufacturing pat-
ents) may become more valuable.

PATENT LITIGATION: THE START
OF AN LNP PATENT WAR?

Given the number of companies active in this
space and the potential commercial value of
the resulting mRNA vaccines and associated
technology, patent litigation in the field has
seemed inevitable. This year a number of pat-
ent infringement cases relating to the Moder-
na and Pfizer/BioNTech COVID-19 mRNA
vaccines have been reported in the UK press
and specialist biotech publications. These cas-
es are thought to be the first significant pat-
ent infringement actions relating to mRNA
vaccines and it is therefore going to be inter-
esting to see how they play out. Interestingly,
three of the five cases reported this year re-
late to patents covering the LNPs, which may
point to a broader trend in future litigation
(and the types of patent it may actually be
possible to obtain).

In each of these cases, the claimants are seek-
ing damages for alleged patent infringement.
However, interestingly, none of the claimants
are seeking an injunction to prevent sales of
the allegedly infringing COVID-19 vaccines.
The lack of an injunction request is relatively
unusual in patent infringement cases, but un-
derstandable given the circumstances of the
pandemic; attempting to prevent the supply
of the vaccines could result in a PR disaster

and may also be refused by the relevant courts
in any event. For example, injunctions are a
discretionary remedy in the UK and there
are also legal provisions such as compulsory
licenses and Crown Use provisions that could
potentially be relied upon to avoid patent in-
fringement in times of emergency.

Arbutus & Genevant vs Moderna

In February 2022, Arbutus and Genevant
filed a patent infringement case against Mod-
erna in the US District Court of Delaware.
Arbutus and Genevant are alleging that the
production and sale of Moderna’s COVID-19
vaccine infringes six US patents relat-
ing to LNPs and their use. According to the
claim, the relevant patents are owned by Ar-
butus and licensed to Genevant and relate to
structural lipids, such as phospholipids and
cholesterol; cationic lipids, including ioniz-
able lipids that are positive charge-bearing
at certain pH levels; and conjugated lipids,
which are lipids attached to a polymer such as
polyethyleneglycol (PEG).

Moderna denies infringement of the rel-
evant patents. As an interesting aside, Mod-
erna is also claiming that Arbutus and Ge-
nevant have brought the claim against the
wrong party in the wrong court. Moderna’s
position is that it is a US Government-con-
tracted supplier as part of the US’ emergency
pandemic response and is therefore protected
from patent infringement actions under US
Code Section 1498 which would require the
claim to be brought against the US Govern-
ment in the US Court of Federal Claims

Acuitas vs Arbutus & Genevant

As mentioned above, Acuitas partnered with
BioNTech and Pfizer to license the LNP used
in the Pfizer/BioNTech COVID-19 vaccine
(Comirnaty). In March 2022, Acuitas brought
a claim against Arbutus and Genevant in the
US District Court for the Southern District
of New York seeking a declaratory judgment
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that the Pfizer/BioNTech COVID-19 vac-
cine does not infringe nine patents owned
by Arbutus
are invalid in any event. The nine patents in

and that the relevant patents

question include the six US patents under
which Arbutus and Genevant are suing Mod-
erna (referred to above).

Alnylam vs Pfizer & BioNTech

In March 2022, Alnylam filed separate pat-
ent infringement cases against Moderna and
Pfizer in the US District Court of Delaware.
Alnylam alleges that the Moderna and Pfizer/
BioNTech COVID-19 vaccines infringe one
of its US patents which claims a class of cat-
ionic biodegradable lipids that can be used in
the formation of LNPs for the delivery of an
active agent, including mRNA. Both Mod-
erna and Pfizer deny infringement. Moderna
again is also seeking to rely on US Code Sec-
tion 1498 claiming that the suit should have
been brought against the US Government in
the US Court of Federal Claims.

In June 2022, Alnylam filed new patent
infringement suits against Moderna and
against both Pfizer and BioNTech, each in
the US District Court of Delaware. These
latest cases allege that the companies’ respec-
tive COVID-19 vaccines infringe a recently
granted US patent, which also claims a class
of LNPs that can be used in the formation
of LNPs for the delivery of an active agent,
including mRNA.

CureVac vs BioNTech

In June 2022, CureVac filed a lawsuit in the
German Regional Court in Diisseldorfagainst
BioNTech SE and two of its subsidiaries, al-
leging that the Pfizer/BioNTech COVID-19
vaccine infringes four of CureVac’s German
patents relating to the engineering of mRNA
molecules . The related press release by
CureVac states that the patents relate to se-
quence modifications to increase stability and

enhance protein expression, as well as mRNA

COMMENTARY

vaccine formulations specific to COVID-19
vaccines. At the time of writing, BioNTech
has responded, without naming CureVac, via
a statement posted on its website that“BioN-
Tech’s work is original, and we will vigorous-
ly defend it against all allegations of patent
infringement”.

BioNTech & Pfizer vs CureVac

Following the German action brought by
CureVac against BioNTech (referred to
above), BioNTech has responded, togeth-
er with Pfizer, by bringing a claim against
CureVac in the US District Court for Massa-
chusetts seeking a declaratory judgment that
the Pfizer/BioNTech COVID-19 vaccine
does not infringe three US patents owned by
CureVac relating to mRNA vaccines

OUTLOOK FOR THE FUTURE
The synthetic mRNA field is still relatively

young, but innovation is continuing at a rapid
pace. The COVID-19 vaccines have demon-
strated both the extraordinary utility of the
technology and the potentially phenomenal
value of mRNA products. With companies
investing significant sums into their mRNA
development efforts and a growing number of
partnerships in the field fueling development,
the patent landscape relevant to mRNA vac-
cines is likely to become even more crowd-
ed and complex. As such, it seems likely that
there will be more patent challenges and po-
tential infringement actions in the near future
as companies jostle for position in the market.
For anyone involved in the field of mRNA
vaccine development, the complexity of the
patent landscape and the recent litigation in
the field should act as a reminder of the im-
portance of involving patent specialists early
in development in order to navigate freedom
to operate issues, patent filing strategies and
patent licensing negotiations.

With almost inevitable freedom to operate
issues and a specter of potential litigation, an
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increasingly complex and fragmented patent
landscape may also catalyze the formation of
new collaborations and cross-licensing part-
nerships. Particularly between mRNA vac-
cine developers and companies specializing
in delivery technology such as LNPs. A focus
on solving freedom-to-operate issues may
also lead to a degree of consolidation in the
market and potentially an uptick in M&A in
coming years as companies look to secure ac-
cess to patents underpinning key elements of
their mRNA platforms.

Finally, much has been said during the
pandemic about the role that patents play in
innovation and whether they enable or hinder
development and access to new technologies.
The pandemic has also given rise to a broad-
er debate on issues of public interest such as
access to medicines (particularly in lower-in-
come countries), drug pricing, public fund-
ing, commercial profit, and the link between
each of these issues and the patent system.
While those broader issues are outside the
scope of this article, the recent proliferation
of patent infringement actions relating to the
use of LNPs in mRNA vaccines is interesting

in this context. We will have to wait to hear
the outcome of those cases, but it already
seems clear that the development of Moderna
and Pfizer/BioNTech’s COVID-19 vaccines
were not impeded by patents. Even if the
vaccines are shown to infringe, the claimants
are not seeking injunctions to prevent sales.
Ultimately then, the patent litigation in this
instance should have no direct impact on the
public’s access to the COVID-19 vaccines.
However, a large and complex patent land-
scape can become an issue if companies find
themselves burdened with so many third-par-
ty royalty obligations that commercial incen-
tives to bring a product to market are reduced.
Similarly, if patent protection on the mRNA
vaccine and its use is difficult to obtain, this
could also discourage companies from devel-
oping such products for fear of not being able
to recoup their investment costs during the
period of any patent term. While there is no
suggestion that any mRNA vaccine develop-
ers are currently in this situation, it will be in-
teresting to see how all of these issues develop
in the years ahead.
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MRNA VACCINES: HARNESSING THE BENEFITS,
ADDRESSING THE CHALLENGES

INTERVIEW

RNA vaccine production 4.0

Charlotte Barker, Editor, Biolnsights, speaks to Zoltan Kis,
Lecturer, Department of Chemical & Biological Engineering,
University of Sheffield.

ZOLTAN KIS is a Lecturer at the Department of Chemical and
Biological Engineering, University of Sheffield. Previously, he was a
Research Associate in the Future Vaccine Manufacturing Research
Hub at the Sargent Centre for Process Systems Engineering,
Department of Chemical Engineering, Imperial College London,
modeling COVID-19 mRNA vaccine production. He gained his PhD
in Bioengineering from Imperial College London in 2015. When the
COVID-19 pandemic hit, Zoltan Kis was part of a group working on
computer modeling of RNA vaccine production. As it became clear
that mRNA vaccines would be crucial to the pandemic response,
the team was called on to advise global organizations on how best
to produce the vaccines at scale. Now, he is leading a new project
at the University of Sheffield, developing platform processes for
faster, more efficient production of RNA vaccines. We spoke with
Kis to find out more.

Vaccine Insights 2022; 1(4), 207-211
DOI: 10.18609/vac.2022.131

Q What led you to specialize in modeling vaccine manufacture?

° . . . . . . .
ZK. | have a background in chemical engineering, biotechnology, and bioengi-
neering. I was always interested in practical applications of basic science — how to scale up and
disseminate innovative products in the real world so they have an impact on people’s lives. So,

when an opportunity arose in 2018 to join the Future Vaccine Manufacturing Research Hub
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at Imperial College and use modeling to determine how best to manufacture mRNA vaccines,

it was a great fit for me!

Can you give an overview of your work at the Future Vaccine
Manufacturing Research Hub?

ZK: | was part of a large collaborative project, involving both academic and in-
dustry partners. My work focused on two types of computer modeling: techno-economic
and quality by design.

Techno-economic modeling aims to optimize the entire production process to reduce
costs and increase productivity.

Quality by design modeling looks at how we can link product quality with the produc-
tion process, with the goal of replacing conventional quality testing with a more flexible,
real-time testing approach. Instead of testing after every production batch, we would do
extensive real-time testing to analyze the product and if those tests show that the product is
meeting specifications, the product can be released in real-time. This could work hand-in-
hand with real-time release and real-time monitoring of vaccines, and it would also help a

lot in developing continuous production processes.

You started that work before the COVID-19 pandemic hit. How
did things change when mRNA vaccines became the frontrunners
in the global race for a vaccine?

ZK: It was a dramatic change! Our work focused on modeling RNA produc-
tion processes and determining how to scale up and manufacture vaccines for large
numbers of people. That was unusual because, at the time, people were mostly viewing RNA
as a personalized cancer therapy.

That put us in quite a unique position, and we were contacted by people from many dif-

ferent organizations — academics, non-gov-

ernmental organizations, media, and com-
panies — all of whom wanted to know how /‘

RNA production could be implemented (

~

at a very large scale. At times, the interest “Our end product |S ﬂot

was almost overwhelming, but we talked to
as many people as we could and helped as

much as we could.

And what is your current focus?

ZK: Last September, | joined the Uni-
versity of Sheffield, and I'm now lead-
ing a large project aiming to innovate
RNA production processes. The plan is to

a single vaccine - it is the
manufacturing technology,
which will then enable
us to make vaccines and
therapeutics against many
different diseases, very
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develop a platform technology that we can use to produce different vaccines and therapeutics
based on RNA for different diseases. These production processes should also produce differ-
ent RNA formats, including conventional messenger RNA, self-amplified RNA, and circular

RNA. We have several very ambitious objectives:

» High productivity of 50 g of RNA per day, achieved by scaling out the process.

» Low-cost production. For example, making antibodies based on RNA at a cost of below $US10
per dose.

» High quality, with around 25 critical quality attributes to optimize.

» Processes that are easier to operate, robust, and suitable for distributed manufacturing, allowing
a network of distributed manufacturing facilities around the world to produce vaccines rapidly for
an outbreak.

» Rapid development and mass production of products.

How will you achieve this?

Z K: There are several key enablers. One is that we are developing these production
processes as a platform and using the quality by design framework to closely link the product
with the process through the critical process parameters.

There are some real challenges in monitoring product quality in real-time. To address that,
we are developing what we call ‘soft sensors’ — computer models that indirectly quantify
critical quality attributes.

We are also developing digital twin models for the production process, which simulate the
process in real-time and use it to predict product quality in the next 5-10 min, allowing cor-
rective measures to be initiated. This is known as model predictive control. Together, these
digital approaches, using soft sensors and digital twins, will enable continuous production.

In a batch process, conditions vary — as the batch progresses from the beginning to the
end of the batch, reagent concentrations and reaction rates will change. By contrast, in a
continuous process, you can achieve a steady state, maintaining optimum values throughout

the process to maximize efficiency.

What's the ultimate goal of your work?

Z K: Our end product is not a single vaccine - it is the manufacturing technology,
which will then enable us to make vaccines and therapeutics against many different
diseases, very quickly. The antigen or target protein might change, and that will require
some validation in a clinical setting, but the underlying production technology and quality

control would stay the same.
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The technologies we are developing, which include both physical devices and computa-
tional tools, will enable a rapid response to future epidemic or pandemic threats. We hope
this will also accelerate the regulatory approval process because we can transfer our platform

knowledge from one product to the next.

What do you see as the key advantages and challenges of mRNA
vaccines?

ZK: Most importantly, mRNA technology is much faster - both in developing
a new candidate vaccine and in mass producing that vaccine once the infrastruc-
ture is in place. mRNA or self-amplifying mRNA vaccines for COVID-19 can be up to
10,000-times faster to produce compared to the viral vector vaccine.

This is a platform technology, which means that you can make multiple products with
the same infrastructure — the same production flow, quality control approaches, and experts.
Everything stays the same except the template DNA. That allows us to set up the infrastruc-
ture for rapid response production before an outbreak occurs, so we can rapidly produce
candidate vaccines for clinical trials, and the resulting approved vaccine.

Many of the challenges come from the fact that it’s a very new technology so there is lim-
ited know-how in the industry. Some of that know-how is also protected by patents, such as
lipids used for formulation, or specialized capping reagents.

Another issue is stability. Currently, these vaccines have to be stored at very low tempera-
tures to prevent degradation. That is not ideal, especially in countries where there is limited

capacity for ultra-low temperature cold chains.

Where do you hope to see the field heading?

ZK: | believe that, as time goes by, we will see lots of development in this field.
It’s still a very new product category, and it has already been shown to be effective and safe.
There’s a lot of research into more thermostable formulations to remove the need for cold
chain distribution, and I'm hopeful we'll see those bear fruit in the next 5-10 years. Then
there are new products being developed, such as self-amplifying or circular RNA platforms,

which could be applied to vaccines or pro-

tein-replacement therapy. ,\

We will see more human vaccines a
approved and, as production costs fall, we

might even see veterinary vaccines based on

~

“RNA technology would allow

RNA, which typically require a much lower faster develo pme Nt CcycC les for

cost per dose.

One obvious target for an mRNA vac-

vaccine composition is chosen more than

that year’s strains.”

6 months ahead of flu season, meaning that \

a vaccine so that we could
cine could be influenza because flu vaccines prOd uce a ﬂ U Vva CCine that iS
have to be updated annually. Currently, the more likely to protect against

J
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the vaccine is not always a good match for the predominant strains. RNA technology would
allow faster development cycles for a vaccine so that we could produce a flu vaccine that is
more likely to protect against that year’s strains.

I hope to see the development and application of a full quality-by-design framework to
the mRNA platform. It will take significant effort but there are big advantages. Both the
RNA platform and quality by design framework are disease-agnostic. Once they are co-de-
veloped and integrated, we will have a powerful platform to develop and mass produce rap-

id-response vaccines to protect us from future pandemic threats.
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End-to-end solutions for mMRNA development and manufacturing

Susana Domingues-Vallon, Global Subject Matter Expert, mMRNA Pharma Services, Thermo Fisher Scientific

The mRNA therapeutics field has experienced an incredible increase in both challenges and opportunities, and developers are racing to the clinic at an unprecedented pace.
Combining a flexible approach to development and manufacturing with critical foundational capabilities like comprehensive mRNA analytics and extensive experience with
sterile injectables enables the speed required to succeed in today’s rapidly evolving mRNA market. This poster provides an overview of Thermo Fisher Scientific’s flexible
mRNA development and manufacturing services that are backed by decades of therapeutic manufacturing expertise to get you to market faster.

Thermo Fisher Scientific has built upon over 30 years
of sterile injectables and advanced therapy GMP man-
ufacturing experience to now provide mRNA develop-
ment and manufacturing services out of their Monza,
Italy campus (Figure 1). Services include GMP plasmid,
mMRNA, and lipid nanoparticles (LNPs) process develop-
ment, cGMP manufacturing, and analytical development
and testing. In addition, the services provide access to
an integrated supply chain that leverages an extensive
global network of raw materials, equipment, and tem-
perature-controlled storage and shipping solutions.

PROCESS DEVELOPMENT

The first step in manufacturing for any therapeutic prod-

uct is robust process development. That’s why Thermo
Fisher Scientific’'s process development services follow a

methodical, risk-based approach to clinical and commer-
cial readiness that ultimately saves time and reduces cost
(Figure 2). For mRNA specifically, processes assessed
include plasmid linearization, mMRNA synthesis scale-up
and optimization, lipid formulation and solvent removal
development, analytical method development and quali-
fication, as well as fill-finish services such as formulation
and lyophilization process development and optimization.

SUMMARY

MRNA therapeutic developers have the option to lever-
age the full suite of integrated services or just choose
those that help fillimmediate gaps in their capabilities or
capacity. Start your mRNA project today with a flexible
service offering backed by decades of therapeutic man-
ufacturing expertise (Figure 3).

Figure 1. Therapeutic mRNA development and manufacturing capabilities in Monza, Italy.
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Figure 2. A methodical, risk-based approach to process development.
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Healthcare in global crisis:
preparations needed during the
COVID-19 pandemic

Bhavna Lall, Dhruva Chaudhry*, Shmuel Shoham,

Onder Ergonul, Suneela Garg*, Peter Hotez, Maria Elena
Bottazzi, Yanis Ben Amor, J Peter Figueroa, Sarah Gilbert,
Mayda Gursel, Mazen Hassanain, Gagandeep Kang, David
Kaslow, Jerome H Kim, Heidi J. Larson, Denise Naniche,
Timothy Sheahan, Annelies Wilder-Smith, Samba O Sow,
Prashant Yadav, Nathalie Strub-Wourgaft, Carolina Batista
Lancet Commission on COVID-19 Vaccines and Therapeutics
Task Force

*Lancet Commission on COVID-19 India Task Force

COVID-19 has led to more than 6 million deaths around the world [1]. Healthcare systems
globally, with many already under crisis prior to the pandemic, have been impacted tre-
mendously since the pandemic began. Leadership in each country and globally had to find
ways to mitigate surges, while also having effective plans in place for timely responses with
adequate access to interventions. As COVID-19 variants [2] surge with a persistent lack of
sufficient vaccine coverage, the global healthcare community continues to require a com-
prehensive multidisciplinary approach to deal with the ongoing COVID-19 pandemic, where
vaccination plays a vital role in mitigating the pandemic in addition to nonpharmaceutical
interventions and therapeutics. Cooperation is urgently required between nations, commu-
nity leaders, the scientific and healthcare community, global leaders, and industry to man-
age COVID-19 variant surges globally, as well as the spread of emerging pathogens, while
focusing on prevention, testing, treatment, and healthcare and supply chain infrastructure
and development.
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The COVID-19 pandemicis far from over and
variants continue to evolve and spread global-
ly. Scientists, healthcare professionals, public
health officials, policymakers, and leaders face
challenges making informed timely decisions
and providing evidence-based guidance to
guide their constituents and populations.

Since the beginning of the pandemic, non-
pharmaceutical interventions (NPIs), also
known as public health and social measures
(PHSMs), such as hand washing, masks,
physical distancing, and lockdowns played
key roles in mitigation strategies [3]. We now
have vaccines and therapeutics as addition-
al powerful tools to control the pandemic.
COVID-19 vaccines have succeeded in de-
creasing disease severity, viral spread, and
mortality. However, inadequate (worldwide
and regional) vaccine coverage due to lack of
access, vaccine hesitancy [4], and other fac-
tors have contributed to COVID-19 surges
in many parts of the world, compounded and
exacerbated by the spread of new variants.
These surges in turn led to severe shortages
and in some cases the collapse of healthcare
services in areas with low vaccination rates,
especially during the delta variant surge. The
experience in the southern United States in
summer 2021 in states with low vaccination
coverage demonstrates how the downstream
effects of vaccine hesitancy can cripple local
healthcare systems in even the wealthiest of
countries [5]. And the experience in many
low - and middle-income countries (LMICs)
serves as a stark example of the catastroph-
ic results of inadequate COVID-19 vaccine
coverage, especially as new variants spread.

In April-May 2021, the delta variant-me-
diated COVID-19 wave surged in India,
leading to mortality that was likely much
higher than the officially reported 400,000
deaths

doses contributed to COVAX were manu-

. Although the majority of vaccine
factured in India [7], vaccination coverage in
this country of approximately 1.4 billion was
under 5% at the time [8]. During the peak
of infections, there were shortages and out-
ages of oxygen, prompting a public outcry

regarding need for critical oxygen supply for

hospitalized patients as well as sick patients
needing home oxygen due to inability in ob-
taining hospital beds. There were also short-
ages of critical medications and hospital beds.
Clinical staff were stretched beyond safe lim-
its. Widespread use of ineffective therapies
such as ivermectin, doxycycline, azithromy-
cin, and mixtures of Ayurvedic medicines
may have exacerbated the crisis. Updated
guidelines were provided at both the national
and state levels but were frequently modified
and often at variance with each other. Social
media became the driver for prescribing prac-
tices, which were often not evidence based.
Glucocorticoids were frequently misused. In
desperation, people purchased novel thera-
pies such as remdesivir and tocilizumab on
the open market and at exorbitant prices,
but without assurances of origin and quality.
By the time the supply chains of oxygen and
medications were streamlined and restored,
significant damage had been done. India
then faced another crisis. An unprecedented
wave of COVID-19-associated mucormyco-
sis cases (over 47,000 from May—July 2021)
ensued [9], possibly due to overuse of steroids
(including dexamethasone or equivalent) and
the high diabetes/pre-diabetes prevalence in
India, potentially causing an increased num-
ber of mucormycosis cases with a case fatality
rate of approximately 36.5% [9]. The acute
incidence of this epidemic of life-threatening
fungal disease created critical shortages and
price surges of key antifungals such as am-
photericin B and Posaconazole

The disruption of healthcare services due to
COVID-19 affected all countries worldwide,
with disproportionate impact on LMICs due
to chronic suboptimal investments in health
infrastructure and less resilience to recover.
New surges of COVID-19 and emerging
pathogens could cripple countries in the
future. In times of medical crisis secondary
to COVID-19, irrespective of variants, the
healthcare and political leadership in each
country and globally must find ways to mit-
igate surges while also having effective plans
in place for timely responses with adequate
access to interventions and healthcare.
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Countries need to have robust surveillance
in place, or they will continue to be unpleas-
antly surprised at the spread of new variants.
Once COVID-19 cases begin to increase, it
is critical to take early measures to control
disease spread and transmission. Delayed
action results in increased cases and mortal-
ity as well as severe stress on healthcare sys-
tems for all patients and healthcare workers
and staff. With oral therapeutics now avail-
able in some countries, COVID-19 is being
managed effectively in the outpatient setting
even for high-risk populations for those who
have access to these drugs. Widespread avail-
ability and access to these drugs are urgent-
ly needed worldwide. However, current oral
therapeutics still require patients to present
early after symptom onset (within five days
of symptoms) and cannot be administered to
all due to the potential of drug—drug inter-
actions with some therapeutics. In order to
promote early access, best practices and avail-
ability of diagnostics, prevention, and ther-
apeutics must be in place and immediately
implemented. A linear response to an expo-
nentially increasing threat will result in failure
and lead to crisis. We propose the following
three-pronged approach:

PREVENTION

National pandemic preparedness plans
should be developed and revised based on
lessons learned from prior surges. The World
Health Organization (WHO) should con-
tinue to assist countries in identifying gaps,
establishing best practices, and setting targets
for implementation.

Countries should establish, with support
as needed from international donors, a senti-
nel surveillance system that includes routine
monitoring and sequencing for variants. This
needs to be coupled with tailored and effec-
tive community engagement.

COVID-19 vaccines must be universal-
ly available, accessible, affordable, and meet
necessary safety, quality, and regulatory stan-
dards. This will require sustained financial

COMMENTARY

commitments and increased manufacturing
of vaccine products. But, without investment
in capacity and infrastructure for countries
to manufacture and deliver vaccines, and
sustained efforts to gain public trust, vac-

. The latter

will require consistent messaging and active

cine doses will go to waste

engagement of susceptible populations and
communities. Incentives should be designed
to ensure ease of access to vaccines including
transportation to vaccination sites, compen-
sation for time off work to allow for vaccina-
tion and days off if needed post-vaccination,
and additional methods to mitigate the indi-
rect and out-of-pocket cost of accessing the
vaccines.

Vaccines must be affordable, easy to store,
and accessible. Policies should be feasible to
implement and ensure equity and prioritiza-
tion of vaccines based on scientific and med-
ical data.

Health systems should be supported or
augmented to be able to implement vaccine
policies in a timely manner.

Misinformation should be addressed with
strong community engagement and co-design
of locally appropriate, fact-based messages.
Scientific literacy for all policy and country
leaders is necessary to guide public messag-
ing. Vaccine hesitancy, willingness to be diag-
nosed, physical distancing, and mask-wearing
are all areas where misinformation has result-
ed in setbacks in promoting accurate spread
of information.

Research into improved vaccine thermo-
stability and innovative methods for real-time
extension of shelf-life information on vaccine
batches should be encouraged to reduce vac-
cine wastage and simplified delivery. Vaccines
should also be adjusted to new variants as
needed.

Vaccination of vulnerable, marginalized,
and high-risk populations, including health
care and front-line workers, should be a
priority.

In countries with large populations, pol-
icies such as allocation of vaccines to the
private sector need to be mindful of both
national and global guidelines to ensure
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equitable and efficient distribution to their
populations.

Boosters should be considered as per na-
tional policy and especially in moderately to
severely immunocompromised people and
high-risk populations.

With only 22% of the population of
low-income countries vaccinated with at
least one COVID-19 vaccine dose, wealth-
ier countries must assist in vaccine equity
and coverage worldwide [1]. Without vaccine
equity and coverage on a global scale, vari-
ants will continue to develop and spread, and
our current vaccines are at risk of becoming
ineffective.

Investments should be made to boost sus-
tainable manufacturing hubs in many low -
and middle-income countries (LMICs)c for
COVID-19 diagnostics, therapeutics and
vaccines via technology transfer and capac-
ity strengthening in chemistry, manufactur-
ing and control (CMC) capacity, and other
critical infrastructure needed to produce and
administer quality interventions [13].

Community participation and politi-
cal leaders need to emphasize proper mask
wearing and COVID-19 protective behavior
during surges such as avoiding large gather-
ings, indoor masking, and physical distancing
to achieve control of the pandemic surges. In
addition, contact tracing (when possible) and
quarantine measures need to be enforced.

Universal availability of adequate PPE in-
cluding N-95 face masks for health workers
and at-risk front-line workers should be pri-
oritized, as well as high risk populations/com-
munities and all front-line workers.

Areas with known low vaccination rates
should be targeted for preparatory measures
to combat surges, as delineated in the next
two sections.

Science and evidence should prevail and
dominate the discourse, with attention to
making key scientific findings and evidence
accessible and understandable to lay audi-
ences. Strong community and leadership
support is required to counter COVID-19
misinformation on social media, in open or
public forums, and from influential leaders

DOI: 10.18609/vac.2022.028

(politicians, religious leaders, local and com-
munity leaders), public protests, information
handouts, and other areas where misinforma-
tion is also being propagated.

DIAGNOSIS & TREATMENT

» Accessing validated rapid diagnostic tests
(RDTs), and polymerase chain reaction
(PCR) is the first condition for access
to treatment. Technical and resourcing
support should be provided to ensure wide
availability of antigen rapid diagnostic
testing including community-based testing
and self-testing to capture infections at
the earliest stage of detectability so that
the most suitable treatment options can be
administered.

» Clinical guidelines should be consistent,
evidence-based, widely accessible,
and flexible to address local needs of
communities. Guidelines should address
all patients including hospitalized and
outpatients as well as patient contacts.

» Adequate stocks of essential lifesaving
drugs during the pandemic which now
include oral antivirals nirmatrelvir/ritonavir
and IV antivirals such as remdesivir as well
as glucocorticoids such as dexamethasone,
immunomodulators such as tocilizumab and
baricitinib, currently effective monoclonal
antibody cocktails, additional medications
such as anticoagulants, antifungals, and
antibiotics when needed, and critical
oxygen supply must be maintained at levels
sufficient to meet surge needs. Antibiotic
stewardship should also be maintained
during a surge. Key principles of how
stocks and supplies can be transferred
within a country between highly affected
and non-affected regions/states should
be investigated and negotiated before any
surge. Oral therapeutics, IV remdiesivir, and
monoclonal antibodies are being used to
prevent severe disease and hospitalizations.
Methods for rapid and affordable
deployment of oral therapeutics and




currently effective monoclonal antibodies,
including in low-resource settings, should
urgently be designed for those at primary
need, i.e., at-risk populations. Efficacious
oral treatments for outpatients need an
immediate scalable production plan.

» The supply chain for oxygen (including
production, transportation, storage,
and distribution) must be prioritized,
ensured, and supervised when oxygen
supplies are noted to be in shortage. The
oxygen shortage that was witnessed in
multiple countries during the early part
of the pandemic must never be repeated.
Critically ill patients struggled to find
oxygen for use in hospitals or at home
during surges in multiple countries. The
allocation of available oxygen supplies
need to be managed through planning and
monitoring [14].

» Medication and diagnostic prices in private
markets where patients pay out of pocket
must be controlled to ensure equitable and
affordable access. Home care and triage
protocols must be strengthened to ensure
timely identification and safe transfer of
patients to higher level care when needed.

» Research into oral treatments is still
needed given the limitations of existing
options. In addition, treatments may need
to be adapted due to variant selection
(e.g., monoclonal antibodies), to treat
immunosuppressed patients, to prevent
resistance development, and, ideally, to
prevent or treat post-COVID conditions.
Adequate funding to cover those critical
research gaps is needed.

HEALTHCARE INFRASTRUCTURE

Hospital beds, staffing, respiratory equip-
ment, ventilators and supplies that will be
needed should be prepared in advance of a
COVID-19 surge. Infection Prevention and

Vaccine Insights - ISSN: 2752-5422
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Control (IPC) teams in health systems should
be adequately resourced to manage IPC sup-
plies [15]. Temporary hospitals for treating
mild-to-moderate cases of COVID-19 are
also needed when home quarantine is not
possible [16].

Adequate stafing of healthcare personnel
such as physicians and nurses should be en-
sured prior to surges. During staff shortages,
task shifting plans should be in place to train
other healthcare workers, including medical
and nursing students and resident trainees,
in COVID-19 care. Mental health needs for
healthcare worker teams must also be ad-
dressed during this time.

Command and control communication
systems should be prepared ahead of time
to ensure coordination, facilitation, and safe
transportation of sick patients from rural ar-
eas and homes to hospitals.

Healthcare systems must be strengthened,
especially at the primary care level to ensure
equitable access to diagnostics, therapies, and
vaccines. Healthcare and public health sys-
tems should be responsive and able to test,
track and treat in a timely manner and have
access to tools such as rapid antigen testing
(AgRDT).

Capacity for advanced virology (e.g., ge-
nomic sequencing) should be considered a
necessity and at least 5% of detected samples
should be sequenced. The system for patho-
gen genomic sequencing in LMICs is nascent
and will require technical and financial sup-
port to achieve these targets.

There is an urgent need to vaccinate equi-
tably to prevent the spread of this pandemic
and to ensure therapeutics are readily avail-
able worldwide. We need a comprehensive
multidisciplinary approach to deal with the
ongoing COVID-19 pandemic, where vac-
cination will play a vital role in mitigating
the pandemic in addition to non-pharma-
ceutical interventions and therapeutics. We
must scale up vaccine and therapeutics pro-
duction, encourage unhindered supply, and
ensure that infrastructure for delivery is in
place globally. This will require coordination
between governments, vaccine producers,
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Access to vaccines: how
can we leverage technology
innovations to achieve
greater vaccine equity?

Charlotte Barker, Editor, Vaccine Insights, speaks to Fatema Kazi,
R&D Blueprint and Covid 19 Vaccine Development, WHO

FATEMA KAZI is an Immunologist working at the WHO’s R&D
Blueprint Team-part of the Health Emergencies and Preparedness
Response. Previously, she has worked at the Elizabeth Glaser
Pediatric AIDS Foundation, GAVI, UNOPS, The Stop TB Partnership,
and the Global TB Programme (WHO) focusing on research and
development in innovative therapeutics, vaccines, and diagnostics.
She has a PhD in Cellular Immunology and Infectious Diseases from
the London School of Hygiene and Tropical Medicine, and pursued
her postdoctoral career as a Senior Immunologist Research Fellow
at Leiden University Medical Centre and the University of Oxford,
as well as training as a molecular biologist for the Ministry of
Defense, UK. In response to the pandemic, Fatema has been lead-
ing projects at WHO related to tracking, monitoring, and assessing

the development of the COVID-19 vaccine candidates worldwide, conducting epidemiological
reviews of vaccine effectiveness against variants of concern. She is now evaluating vaccines for
Monkeypox, Lassa Fever and Sudan ebolavirus in response to the current outbreaks.

Fatema Kazi works for the WHO, where she helps to assess the public health value of vaccine
products and technologies in routine, campaign, and outbreak settings. We caught up with
her to discuss how innovations in vaccine technology can help get vaccines to the people who

need them.
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FK: My journey into this field started when | was a child in the 1970s, living in
Nigeria. My father took me to a busy clinic to get my childhood vaccinations, and I remember
being completely bowled over (and terrified!). My father said: “Do you know that the medicine
you're getting saves people’s lives and helps them live much longer?”

I understood at that moment that this was something really important, so as I got older, I
started asking a lot of questions to understand why we take these jabs. I then became interested
in biology and immunology and continued to be fascinated by vaccinations.

Later we moved to California, and I remember being at a flea market at the age of 12. I came
across a microscope, and as I looked down the eyepiece, and I could see bacteria, tissue, and cells
I became very excited and I clearly remember asking the seller what it was, and he handed me a
book on bacteria. The first page was about Alexander Fleming identifying penicillin, and I was
amazed! At that very moment I decided I would be a scientist.

I studied microbiology at university and eventually specialized in immunology. I wanted to
understand how our immune systems work to fight infections because I believe that is the key to
understanding how to design and develop vaccines. Eventually, I was lucky enough to work in
academia as a researcher in immunology, and eventually to run a research project looking at how
to design vaccines against TB.

Ultimately, I wanted to be able to apply all of this knowledge in a context that would make
a difference, so I decided to move into global health. Now, I work in the field of COVID-19
vaccines, pulling together all my experience as an immunologist and in the lab and applying it to

this pressing global health challenge.

FK: | work in a team known as the research and development (R&D) Blueprint,
situated within the Emergencies Unit of WHO.

The role of the R&D Blueprint is to work across the globe with experts in research and devel-
opment to help develop diagnostics, therapies, vaccines, and strategies for emergency pathogens,
such as Ebola, Zika, and Nipah virus. With the pandemic, COVID-19 became part of this list.

I focus on the vaccine component of our work, in particular on COVID-19. Since the pan-
demic, I've been working with developers, academics, and various global organizations to moni-
tor and track all the COVID-19 vaccines that are being developed worldwide, from concept right
through to clinical trials and approval. Right now, there are 359 COVID-19 vaccines in preclini-
cal and clinical development—161 in the clinical pipeline, and almost 200 in the preclinical phase,
with more being developed. We use this data to analyze and inform scientific and evidence-based
decisions made at the research and policy level, by various types of stakeholders.

I work closely with academic institutes and other evidence-based organizations to assess the

data on the effectiveness of COVID-19 vaccines, examining and re-analyzing the existing data to
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assess the strengths and the weaknesses of the

different vaccines, so that we can give a trans- [ “For both existi ng a nd new \

parent and pragmatic view on the data being vaccin es, we're con sta nﬂy
generated. This type of analysis has been crit- . . .

ical during the pandemic. There are so many looki ng for innovations to
voices, platforms, and perspectives, from indi- a d d fess C h a | | en ge S an d
viduals, to specialized organizations, and gov- b 2 r-r-l ers: | N p 2 r-JL—l cu | ar, ]CO r

ernments that end up giving their interpreta-

tions of the data. Therefore, we aim to present

the data transparently and without any bias. K Income countries ( LM CS)

people in low and middle-

)

J

The R&D Blueprint team gathers informa-
tion from across the global research communi- l/
ty to create roadmaps, so that we can under-
stand what research we need to do, what are the gaps, strengths, and weaknesses, and how can

we support different research teams around the world to ensure that the best data is generated.

How can technology innovations improve vaccine delivery and
ultimately vaccine equity?

FK: For both existing and new vaccines, we're constantly looking for innovations
to address challenges and barriers; in particular, for people in low and middle-income
countries (LMICs).

With COVID-19, a number of vaccines became available very quickly, but LMICs have been
unable to access them due to challenging logistics and high costs. mRNA vaccines require ul-
tra-low temperature storage, and LMICs have found it difficult to accommodate the kind of
infrastructure needed.

We look to technology innovations to help us solve these problems. Looking at issues with
the cold chain, there is a lot of research into improving formulations to withstand temperature
changes so the vaccines are more heat stable.

There are also monitoring labels, which stick to the vaccine vials and monitor temperature
changes to identify any vials that have been outside of their storage temperature range for too
long and should no longer be used. These technologies are already being used and are now being
adapted to different vaccines and scenarios.

Even the type of container you put the vaccine product in can make a real difference in ad-
dressing some of the challenges in vaccine delivery. For example, compact, prefilled, auto-dispos-
able devices reduce the storage volume, are easier to administer, and prevent contamination

Finally, there are some interesting needle-free vaccine technologies, that can improve the im-
pact of the vaccine in activating the immune system.

For example, there are oral and sub-lingual formations, which immediately target a different
part of the immune system in the oral mucosa. Tablet formulations also have the advantages of

being less frightening to many patients, easier transport, and—importantly—removing the need
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for trained healthcare personnel to administer
doses.

However, many vaccines are not suitable
for oral delivery, so other needle-free systems
are needed. An alternative delivery method is
a micro-array patch (MAP). This is a fasci-

nating all-in-one delivery technology that can

4 “If we have one vaccine that )
can target many pathogens,
that also brings down the
cost and makes it less
challenging to implement

potentially address multiple immunization

barriers by improving thermostability and & these vaccines in LMICs. j

ease of use. V

What has been the most impactful technology that you've seen
emerge during the COVID-19 pandemic?

FK: I’'m going to have to go with the mRNA vaccines, and | imagine a lot of peo-
ple feel the same!

I've been aware of this technology for a long time and have seen clinical trials of mRNA
vaccines for other diseases, such as Ebola, but the pandemic pushed this vaccine platform to
center stage and it has been pivotal in controlling the pandemic.

Now that we have proof that this is a feasible technology to use, it’s going to be applied
to many other vaccine targets. It’s been like a scientific revolution, quite frankly. Seeing this
technology come to the fore has been so exciting, especially as it’s been a very long time
waiting.

Having had the advantage of working on all the COVID vaccines, I think the other
impactful area is not just one technology but changing our mindset when we think about
vaccines. For example, a lot of experts are now saying that we should think about designing
vaccines not just for a particular pathogen or variant, but for whole families of pathogens.
For example, several groups are working on pan-sarbecovirus or pan-coronavirus vaccines. In
this way, we are preparing for future outbreaks, not just of SARS-CoV-2, but SARS-CoV-1,
MERS, or potentially any other pathogen within this family.

If we have one vaccine that can target many pathogens, that also brings down the cost and

makes it less challenging to implement these vaccines in LMICs.

What new technologies are you most excited to see emerge over
the next 5 years?

FK: The one that comes to mind is MAPs and there is a lot of work going on
within my network to push this forward. It’s exciting because it’s an easy technology to
use. It’s a bit like attaching a plaster to your body, very easy to apply, so in terms of training

healthcare workers, it’s going to be easier and faster. We're always trying to look for ways to
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prevent contamination and improve acceptability, and I think a lot of people will be quite
happy to have a MAP attached to them rather than being injected with a needle. in terms of
storage, it’s a very small, compact tool. It doesn’t require the same kind of refrigeration or stor-
age criteria that your typical vaccine does.

This could be a technology that we look at for future emergencies as it addresses many
challenges to vaccine equity, including acceptability, hesitancy, cold chain issues, and logis-

tics issues. I think it’s going to be a game changer, it’s just a matter of time.

FK: Perhaps.

Interestingly, there are studies out there indicating that some communities actually prefer
to have the needle, because they believe that’s what a ‘real’ vaccine is, that they are most
effective. We will need to do a lot of research to understand how this technology is going to
be accepted by different societies and communities that are accustomed to needle delivery.

The prospect of needle-free delivery is very exciting, but there are going to be a lot of

challenges, and a lot more research and investment are needed.

FK: | would say 5-10 years. Its still in the early phases of research and as it wasn't
used during the pandemic, it may have missed the boat for being pushed quickly through the
pipeline.

A lot of work is being done to develop this technology for measles and influenza. These
are important, critical diseases for which we will always need routine vaccination so investing
in these disease areas to improve access to vaccination will hopefully accelerate its process
through the R&D pipeline; and we must not forget the importance of funding to support

these innovations.

AFFILIATION

Fatema Kazi, PhD
R&D Blueprint and COVID-19 Vaccine Development,
WHO

Vaccine Insights - ISSN: 2752-5422

239



240

INSIGHTS

AUTHORSHIP & CONFLICT OF INTEREST

Contributions: All named authors take responsibility for the integrity of the work as a whole, and have
given their approval for this version to be published.

Acknowledgements: None.
Disclosure and potential conflicts of interest: The author has no conflict of interest.

Funding declaration: The author received no financial support for the research, authorship and/or
publication of this article.

ARTICLE & COPYRIGHT INFORMATION

Copyright: Published by Vaccine Insights under Creative Commons License Deed CC BY NC ND 4.0
which allows anyone to copy, distribute, and transmit the article provided it is properly attributed in
the manner specified below. No commercial use without permission.

Attribution: Copyright © 2022 Kazi F. Published by Vaccine Insights under Creative Commons Li-
cense Deed CC BY NC ND 4.0.

Article source: This article is based on a Podcast which was carried out on Jul 08 2022..

Podcast conducted on: Jul 08 2022; Revised manuscript received: Sep 23 2022; Publication date:
Sep 30 2022.

DOI: 10.18609/vac/2022.034



	Blank Page
	0104SL mRNA harnessing the benefits, addressing the challenges.pdf
	Blank Page




