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Executive Summary

This study aims to collect and analyze information on vaccine development
trends both in Japan and internationally, with the goal of supporting SCARDA’s
activities—such as formulating development strategies and evaluating and
selecting R&D proposals from research institutions.

The study mainly consists of two elements: the technology trends study, “Trend
study on vaccine and related technology in and outside Japan”, and the FA
(Funding Agency) methodological study, “Trend study on major
governments/foreign FA”. In each study, an in-depth investigation was carried out
and thematic reports and in-depth reports were developed.

1. Trend study on vaccine and related technology in and outside Japan

(1) Study on approval and development trends
This study conducted an in-depth analysis of vaccine development pipelines and

developers, summarizing corporate strategies and market trends to identify the
latest developments in vaccine research.

It has been confirmed that the vaccine development is in progress depending on
the infection situation in each country and region, and the participation of startups
has become active in response to these trends. In addition, participation of
companies have been identified which are conducting product development in line
with the national stockpile strategy on Medical Countermeasures (MCM).

The COVID-19 vaccine market has shifted from monovalent vaccines to
multivalent vaccines also effective for influenza or RSV (Respiratory syncytial
virus), and while mRNA-based technology is in the mainstream, emphasis is still
placed on the development of VLP, peptides and T-cell epitopes with a view to
long-term eradication. Moreover, as the COVID-19 vaccine market has been
stagnant, major companies are transferring the mRNA technology to cancer
therapy and some companies have withdrawn from infectious disease area.
Therefore, we should continue to pay attention to the future development trends.
To summarize, vaccine development is centered around mRNA technology, but the
diversity of technology and the regional strategy play key role. Companies should
flexibly choose strategy of technology transfer, withdrawal and regional
optimization based on the market trends and strengthen their competitiveness in
the global market.



(2) Study on vaccine development/manufacturing organizations
In this study, we gathered information on relevant companies and research

institutions and clarified the approaches and future prospects of ongoing R&D. As
a result, we have found that some startups have entered specific regional markets
and some companies are developing products in line with the national stockpile
strategy on MCM. We have identified a corporate cluster of pharma and startups
in this field. Remarkable technology trends are shown below.

® Leading roles of mega pharma: Mega pharma mainly from the US and Europe
are leading the vaccine development for infectious diseases and the pipelines
of influenza, COVID-19 and multivalent vaccine for influenza/ COVID-19 are
the main focus of development. As these companies own technological base
established so far and possess infrastructure for large scale clinical trial and
manufacturing, they are rapidly responding to existing infectious diseases.

® Emergence of startups and regional specialization: Startups are increasing
especially outside the US and Europe and they are developing product pipelines
in response to the locally prevalent infectious diseases or specialized in the
production of dedicated MCMs. In particular, vaccine development for tropical
diseases such as dengue fever and mosquito-borne infectious diseases is in
progress and many startups are developing RSV vaccines in Asia. It seems that
these companies are specialized in region-specific infectious diseases and
carrying out R&D for niche market. For example, a Chinese company has
entered the Australian market. It is suggested that strategies utilizing regional
features and analyses of future prospects of development strategy based on the
lineup of product pipelines are important.

® Development trends for each infectious disease: As for the development trends
for the infectious diseases related to this study, influenza and COVID-19 remain
the primary target of development and mRNA-based vaccines are drawing
attention. Further, many companies are conducting developments for infectious
diseases which spread in the tropical region and in specific seasons. In addition,
R&D activities are being conducted for emerging pathogens such as enterovirus
A'71, Zika virus, and Nipah virus. In particular, efforts for the establishment of
preventive measures are very active.
Technological diversity and the optimization of regional strategies are essential
for enhancing corporate competitiveness. Selecting appropriate clinical trial
regions and launching international collaborative studies early are key
differentiators.



(3) Thematic Report 1: Development timeline of mRNA vaccine
In this study, we focused on the timeline of mRNA vaccines and analyzed key

factors for reducing the time for approval by scrutinizing the development timeline
of Pfizer/BioNTech (Comirnaty) and that of Moderna (Spikevax) which succeeded
in rapid vaccine development.

Two key factors for shortening the timeline were identified. The first is
shortening of initial development phase (stage of prototype development), and the
second is high response ability for pharmaceutical regulations from non-clinical to
clinical testing. Common features of both companies are that they compensated a
part of non-clinical research data by using other data, and that they realized
shortening of the process in collaboration with regulatory agencies as emergency
response. Further, in the case of Comirnaty, the company had engaged in mRNA
drug discovery as anti-cancer treatment for some time and had accumulated the
experience of platform technology, which enabled to reduce the development time.
Other key factors for acceleration are listed as follows:

® Daily basic research and collaboration with relevant institutions (management
and supervising agencies for clinical research regulation and systems, funding
agencies in the field of infectious diseases etc.) are important for rapid vaccine
development.

® Especially for basic research, continuous R&D for new platform including mRNA
vaccines is necessary, therefore collaboration with the government authority
which develops and supports R&D programs is required.

® Streamlining of the manufacturing of active pharmaceutical ingredients and
non-clinical testing is a key factor.

® An earlier start of each development phase is necessary because almost every
drug maker spends the same amount of time in a clinical trial to secure the
efficacy and safety in human.

® The speed of manufacturing of active pharmaceutical ingredients and non-
clinical testing contributes to promoting final development timeline.

As a result of this study, it has been suggested that continuous R&D on new
platform as well as collaboration with government organization which plans and
supports R&D is needed for rapid vaccine development.

(4) Thematic Report 2: Study on university GMP facilities to produce vaccines for
clinical trial

This study focused on the speeding up (streamlining) of vaccine development by
academia and aimed to investigate current problems, merits and demerits, and
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future needs of the service of university vaccine manufacturing facilities. As
distribution of investigational new drugs to clinical trial is prerequisite, we carried
out interviews and site visit to flagship and synergy centers which take part in the
Initiative for “World-leading Vaccine Research and Development Centers”, as well
as private companies possessing GMP facilities for manufacturing of vaccines. The
results of the study were compiled in a comprehensive manner.

From a management point of view, manufacturing facilities are required to take
up certain numbers of research seeds continuously and develop investigational
new drugs. In the field of infectious diseases, however, it is expected that clinical
research seeds are few. This trend has also been confirmed in this study. Moreover,
it seems that promising seeds of university centers are already being developed in
collaboration with pharmaceutical companies and the numbers of the
commissioning to university GMP facilities are currently limited and depend on
creation of next seeds.

Securing of human resources has been pointed out as challenge for the
management of GMP facilities. As lack of human resources is likely to hinder stable
operation of facilities and disturb product quality, reexamination of human
resource planning on facility operation is needed. In particular, GMP facilities need
to play a leading role in human resource development because long-term human
resource development and matching function of GMP experts are required. These
efforts are also expected to be stable means of human resource creation for the
pharmaceutical and vaccine industry.

Another challenge to overcome is that university facilities need to function as a
part of integrated manufacturing process ranging from production of
investigational new drugs to vial filling even when their service operations are
specialized to a certain part of manufacturing process.

For making better use of university facilities, equipment which can be applied
from manufacturing of investigational new drugs to drug formulation should be
introduced and expanded. Efficiency of small amount production should be
improved by strengthening collaboration with other national GMP facilities.
Further, the Initiative for World-leading Vaccine Research and Development
Centers should aim to function as a hub of infectious disease research, activating
the research area and expanding the seeds development which can lead to GMP
manufacturing.

2. Study on activities of major governments/FAs

(1) Overview of FAs in and outside Japan
We periodically collected and analyzed information on grant calls of FAs in and
10



outside Japan, as well as gathered and examined relevant news articles. As a result,
the current trends of their activities have been confirmed as follows:

In the US, many projects are being carried out by BARDA, a subordinate division
of the HHS (Department of Health and Human Services). In particular, it has been
confirmed that since the foundation of DRIVe in 2016, BARDA has strengthened
support for startups through public-private partnership and placed emphasis on
support for innovation promotion such as BLUE KNIGHT, BARDA Venture,
Accelerator Network.

In the US, information on technology is collected through consortia and used for
public call for consortia partners. Gathering of technology information is linked to
public calls. To support startups and other non-traditional organizations which
have no previous experience of contract with public organizations, simplified
contract formats such as OTA (Other Transaction Agreement) procedures have
been introduced in parallel. These actions can be used as a reference.

A remarkable feature of the UK is that the MRC (Medical Research Council),
funding agency for medical research is stipulated as a subordinate organization of
the BEIS (Department for Business, Energy and Industrial Strategy) which is
responsible for business, energy and industry promotion. Another feature is that
the importance of international networks is recognized in the UK and that
headquarters and core facilities of international infectious disease network
(GloPID-R, EDCTP and GCM etc.) and an international organization such as CEPI
are located within UK.

In terms of recipients of grants, not only grants for specific infectious diseases
but also grants for platform technology have been identified. For example,
supports for Al & data platform and administration route (nasal vaccine and
percutaneous vaccine) have been confirmed.

(2) In-depth study 1: Method of public call

In relation to SCARDA’s “Program on R&D of new generation vaccine including
new modality application”, we took the current situation of SCARDA into
consideration and investigated the activities of overseas FAs, in order to improve
the process of public call.

In the “Vaccine Development Program”, pharmaceutical companies with
regulatory experience are taking part and have achieved certain level of results.
On the other hand, the number of applicants and the diversity of themes remain
limited, raising concerns about achieving the program’s stated goal of “ensuring
diverse options”. Therefore, it is necessary to expand the pool of applicants.
Considering the domestic situation, it is important to encourage existing entities
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to apply their currently developing vaccines to other priority infectious diseases
to enable rapid vaccine supply during emergencies. Additionally, since the number
of players is limited, it is also necessary to promote the development of new
modalities.

In the “New Modality Program 1”7, proposals are mainly from academia and are
innovative, but there is a high degree of uncertainty regarding practical
implementation. Moreover, due to the highly unique nature of the technologies
involved, there is a challenge in establishing a clear pathway to clinical trials.

In the “New Modality Program 2 (promotion of entry from different field)”, many
applicants lack experience with regulatory applications, resulting in insufficient
knowledge of the procedures required to move from research to practical
implementation. On the solicitation side, there is also a challenge in reaching
pioneering researchers who align with SCARDA’ s strategic goals.

Based on the current domestic landscape, for both New Modality Program 1 and

2, it is essential to enhance SCARDA’s outreach strategies—including
collaboration with FAs from other fields—to identify and engage businesses in
emerging technological domains that have not yet been reached. Furthermore,
initiatives to lower the barriers for these entities to enter the medical field, as well
as efforts to strengthen post-selection support, should be pursued.
From this analysis, we clarified the strategic direction for each program category
and, drawing on examples of public calls conducted by foreign FAs, examined
tailored support measures before and after the process of public call, along with
approaches to broaden the participating players.

(3) In-depth study 2: Evaluation methods

Since its first public call in FY2022, SCARDA has not changed its evaluation
methods. However, in order to select and promote more outstanding proposals, the
research on evaluation methods used by overseas FAs related to infectious
diseases were conducted for the future possible improvements.

As a result of the investigation targeting funding agencies such as NIH of the
US, UKRI/MRC of the UK, it was found that the evaluation processes and criteria
used by foreign FAs are generally similar to those of SCARDA’s “Program on R&D
of new generation vaccine including new modality application”. Therefore, it
cannot be said that there are any significant omissions in SCARDA’s evaluation
perspectives. Similarities include:

O A two-stage review process (document review and committee review), and
®@ Evaluation criteria that assess scientific merit, potential impact, and
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organizational experience and structure.

On the other hand, the following initiatives may offer useful insights:

e Simplified initial screening to broaden the applicant base: In BARDA’s Broad
Agency Announcement (BAA), applicants first submit a simplified proposal. If
a BARDA program manager expresses interest, the applicant is then invited to
submit a full proposal. This process of simplified proposals and feedback during
the initial screening stage helps reduce the burden on both interested
applicants and evaluators. While the Vaccine New Modality Program has a
consultation desk available prior to proposal submission, which provides
information to applicants and serves a similar function, explicitly introducing a
simplified initial screening mechanism may further reduce the burden on both
sides.

e Evaluation of organizational readiness and experience for practical
implementation: CEPI, for example, requires that at least one partner in a
consortium—either the applicant’ s organization or an affiliated organization—
has experience in human vaccine development, clinical development, and
manufacturing. This condition was applied in the development of a filovirus
vaccine with broad protective efficacy. For the Vaccine New Modality Program,
it may be beneficial to place greater emphasis on organizational readiness and
experience for practical implementation, and to prioritize these aspects in
stage-gate evaluations.

(4) In-depth study 3: Case study of vaccine development through industry-
academia collaboration in the UK

In an outbreak of epidemic/pandemic diseases, it is important to deliver vaccines
to the afflicted area as soon as possible. The University of Oxford manufactured
the first batch of the vaccine in a manufacturing facility within the university and
conducted Phase 1 trial, thereby realizing rapid initiation of clinical trial. Further,
Oxford University collaborated with a pharmaceutical company (AstraZeneca) and
provided vaccine from the laboratory to the world without time lag. Collaboration
with pharmaceutical company/CDMO is essential for bringing academic seeds to
practical application.

In this study, we visited Oxford University and investigated how academic
vaccine seeds were commercialized. As a result, key success factors and
challenges have been identified as follows:
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® The key success factor of vaccine seeds creation in Oxford University is the
existence of ecosystem which enables the entire process from basic research
to initial manufacturing at a single location.

® Additionally, it is important for both researchers responsible for basic research
and those responsible for manufacturing to share the common principle of
improving the global infectious disease situation through the production and
supply of vaccines.

® On the other hand, obtaining continuous funding remains a challenge. Oxford
University is currently receiving funds from a wide range of funders such as
global funds and government organizations of different countries, which leads
to stable operation of the facility.
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