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A six-year-old girl was diagnosed with a fatal neurological disorder with

no known treatment. By the time she received her diagnosis, she was

already unable to see, speak or walk. Her outlook was considered

grim — until doctors in Boston were able to, in just a few months’ time,

determine the genetic cause of her disease and design a personalized

injection. Dozens of researchers, scientists and medical professionals

across the public and private sectors banded together to create the

treatment which involved sequencing the girl’s genome, finding J"/
abnormalities in a specific gene and designing and manufacturing {
a therapy to repair the genetic error. /
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What is personalized medicine?

Imagine a world where instead of a “one-size-fits-
all” approach, medical treatments are customized for
each individual patient. Vital information — including
genetic composition, vital signs and specific
biomarkers — which has become increasingly available
to healthcare practitioners through digitization

and data collection, combined with exponential
advances in the speed and efficiency with which
that information can be applied, is being used to
customize the development of novel therapeutics.
We are entering this world and while today the

focus is on acute disease, the numerous benefits of
personalized medicine range from disease prevention
and predicting susceptibility to environmental factors,
improving detection and reducing the side effects of
medication associated with chronic diseases.
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Today, customized therapies are incorporated across
the continuum — into the field of drug discovery,

the planning and delivery of care, and the way in
which patients interact with healthcare companies
and providers. This progression has been aided by
investment from both government and private sector,
and a continued shift in traditional business models
is a requisite for progress in this new paradigm of
healthcare treatment.

Personalized medicine is emerging as one of the
fastest evolving frontiers within patient treatment
and the field of healthcare. While still in its infancy,
customized therapies will become the standard of
care over the next few decades. The personalized
medicine market size was valued at US$ 2.1 trillion in
2021 and is projected to grow at an 11.6% CAGR to
US$ 5.7 trillion by 2030
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Source: Biospace. https://www.biospace.com/article/personalized-medicine-market-size-to-worth-around-us-5-7-trillion-by-

2030/?keywords=Achieve#:~:text=The %20personalized % 20medicine % 20market % 20size, to % 20be % 20effective % 20among % 20individuals.
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Personalized medicine is poised to
be an industry disruptor that will
change how patients interact with the

healthcare system.

Who are the players?

On-the-ground stakeholders will determine the
infrastructure, business models and wider rollout

of personalized medicine. These include medical
diagnostics companies expanding access to

real time information and data, pharmaceutical
companies partnering and negotiating with healthcare
practitioners and providers, and biotech companies
evaluating industry resources and constraints to
develop viable business plans.

There is also a formidable role from the public
sector including academic institutions, government
agencies and regulators such as the Federal Drug
Administration (FDA), National Institute of Health
(NIH) and Center for Disease Control (CDC) in
advancing research, sourcing funds and partnering
with the private sector. Opportunities exist to
foster and expedite research and approvals in ways
that safeguard the public. Look no further than

the development of the COVID vaccines mRNA
technologies to find evidence of how the government
can enable funding as well as remove the barriers
of development through expedited review and
approvals as well as reduction of manufacturing and
market risks.

And let us not forget the payors. While cell and
gene-based therapies have captured the imagination
for their potential to cure disease, they come with
unprecedented price tags, with some treatments
costing as much as $850,000 per usage.?

Existing payment methodologies are not set up to
accommodate these emerging treatments and, in
some instances, cures. Drug makers are introducing
new deals and agreements with insurers and
patients, and these payors must explore innovative
reimbursement mechanisms such as rebates or
payments based on therapeutic performance in
treated patients over time, in some case decades.

Lastly and most significantly, there are the health
practitioners and patients. Personalized medicine is
poised to be an industry disruptor that will change
how patients interact with the healthcare system.

A key component in adoption of new technologies
will be the undertaking between patients and their
healthcare providers to understand and assess
treatments options, available trials, outcomes, costs
and benefits.

2 Source: https://www.fiercepharma.com/pharma/spark-prices-gene-therapy-luxturna-at-850k-grabbing-top-spot-pharma-s-costliest-drugs
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ng:d Drug development: determining the pace of innovation

Although genomic testing is a recent phenomenon, today there are 200 drug labels that
contain information involving pharmacogenomic biomarkers. Drug makers and scientists are
increasingly relying on supercomputers and artificial intelligence in their research. Last year
Nvidia launched Cambrige-1; the UK's most powerful supercomputer with the sole purpose to
accelerate the development of genome sequencing, drug development and disease research.
The super computers’ ability to create A-l generated models of chemical structures and to
analyze pathology slide images will greatly speed up the insights required during drug response
research.® Additionally, a recent study at the Institute for Bioengineering of Catalonia, Barcelona
demonstrated that using machine learning instead of traditional computation methods reduced
microscope processing time from months to just seconds.*

Oncology: first out of the gate

Broad based chemotherapy, which has been in existence for decades and often remains “first
line" or “standard-of-care” treatment, is being displaced by more efficacious alternatives.
Targeted or precision therapy, which works against actionable genetic mutations (those genetic
aberrations occurring within patient’s tumor cells) has demonstrated higher response rates and
longer patient survival.

The promise of these targeted therapies was first realized in 1998 when Genetech’s monoclonal
antibody Herceptin was approved by the FDA for metastatic breast cancers that expressed the
specific gene HER2. Data quickly demonstrated that treatment that included Herceptin cut the

risk of cancer coming back by 50% compared to chemotherapy alone.® Ever since this ‘quantum’
shift in patient care 30 years ago, the field of personalized medicine has been considered the most
important area of drug development.

Today, the Profile project at the Dana Farber Cancer Institute is considered one of the nation’s
most comprehensive precision cancer medicine initiatives — it has been able to analyze and
categorize tens of thousands of genetic and molecular alterations that cause cancer. Over the past
ten years, the cost of these identification processes has decreased from $10 million per genome to
$1,000 per genome.® The field of cancer treatment has experienced the greatest advancement due
to personalized medicine.

3 Source: ComputerWeekly.com https://www.computerweekly.com/news/252503571/The-Cambridge-1-switch-on-UKs-most-powerful-supercomputergoes-live

4 Source: Institute for Bioengineering of Catalonia https://ibecbarcelona.eu/machine-learning-reduces-microscope-data-processing-time-from-months-to-just-
seconds/

5 Source:https://www.gene.com/stories/her2/#:~:text=In%201998 % 20Herceptin % 20was % 20approved, HER2 % 2Dpositive % 20metastatic % 20breast % 20cancer.

6 Source: McKinsey.
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Gene therapy: following closely behind

Gene therapy is also one of the fastest-developing segments within the space. It involves the
replacement or repair of defective genetic material and has been enabled by the advent of gene
editing technologies such as CRISPR and RNA-interference. In 2003, the human genome was
mapped over a time frame of 10 years, costing $1 billion. By 2015, the process took 6 hours and
cost $1,000.7

While the first gene therapy clinical trials began decades ago, in 2017 the FDA approved one of
the first gene therapy medications called Luxturna, which treats a form of inherited blindness
through a shot of DNA-filled viruses injected directly into the eye. This is intended for people
with a mutation in the gene RPEG5, which encodes an enzyme crucial to vision. Real world data
proved the efficacy of this treatment, with 2 years of post-marketing data showing significant
improvements in visual function and acuity.®

(OX©)

Hl‘ﬂ’lﬂ Increased patient care connection

Biotechnology and pharmaceutical companies have made significant advances in the field of
personalized medicine. At the same time, patients have more access to extensive information and
technology and are more connected to their personal health information than ever before. As a
result, they increasingly are taking ownership of their medical journey.

Telemedicine and telehealth also have improved access to healthcare and placed more agency on
the patient. Previously considered a temporary measure during the COVID-19 pandemic, both have
proven effective even as pandemic restrictions have largely been removed. Recently, Mayo Clinic
researchers found that 87 percent of preliminary diagnoses made during video appointments at
their centers were later confirmed during in-person appointments.®

Wearables: personalized healthcare on your wrist

Adding to self-awareness and management of health and wellness, wearables have evolved

from a consumer fitness category to become a principal instrument for the continual collection

of personalized health data. Physiological and biochemical sensors feed crucial bioinformatics to
researchers and medical practitioners on a 24-7 basis. The analysis of this data has led to work on
a smart bandage, which is being developed by the collaborative team at Harvard Medical School,
Tufts University and Purdue University.

7 Source: Forbes. https://www.forbes.com/dell/cloud-future-of-medicine/#699404¢13df2

& https://www.cgtlive.com/view/real-world-luxturna-data-shows-good-efficacy-new-adverse-reaction-in-retinal-dystrophy

9 Source: U.S. News & World Report. https://www.usnews.com/news/health-news/articles/2022-09-07/telemedicine-diagnoses-match-those-of-in-person-doctor
visits-most-of-the-time
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Smart glucose meters are one of the fastest growing wearables and are improving quality of care
as well as an individual's quality of life. These devices are Bluetooth enabled and can monitor a
patient’s blood sugar at all times, sending test results directly to a smart phone or wirelessly to an
insulin pump which can use the information to calculate a precise dose of insulin to be delivered
at meals.'® Smart glucose meters account for the largest share in the digital diabetes management
industry which is expected to reach $25.5 Billion by 2027."

With consumers developing deeper understanding of and taking a more active role in monitoring
their health, and companies leveraging wearable technology for treatment, this segment lies at
the crucial intersection between consumer and personalized healthcare and is poised to continue
its growth.

Consumer healthcare: bringing the doctor’s office to your home

Many people have seen ads for custom vitamins that can be delivered after completing a
questionnaire or food sensitivity reports that can be sent based on a cheek swab. This type of
consumer healthcare will continue to grow. New technologies and mobile medical apps enable
patient’s physiology to be tracked in real time. Established players in the technology space are
taking a foothold, as well as startups such as Tempus, a patient portal that utilizes personal
information combined with a warehouse of data to be used with a physician to design treatment
plans and options.”?

Consumers are already entrenched in the adoption of digital technologies — 79 percent use online
health information, 24 percent use wearable devices and 19 percent use telemedicine.” In the
future, mobile medical apps will accompany patients on every step of their healthcare journey.

0 Source: https://www.verywellhealth.com/choosing-glucose-meter-3289632

" Source: https://www.globenewswire.com/en/news-release/2022/10/28/2543747/28124/en/The-Worldwide-Digital-Diabetes-Management-Industry-is-Expected-to-
Reach-25-5-Billion-by-2027html

2 Source: Tempus. www.tempus.com

8 Source: Rock Health. https://rockhealth.com/insights/healthcare-consumers-in-a-digital-transition/
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Hurdles to clear: challenges in deployment

Despite the benefits of personalized medicine and
progress to date, challenges to rapid growth in this
market remain. Individual governments will play a part
in determining which groups should have treatments
developed, and regulatory agencies will be required
to evaluate the safety and benefits of drugs when
dealing with specific subsets of the population.
Payors/insurance companies will have to tackle

the cost/benefit question when developing drugs
for a small subpopulation, creating variables when
determining profit for insurance companies.

Conclusion

Personalized medicine is blazing a path through
several sectors including pharmaceuticals, oncology,
gene therapy, wearables and consumer healthcare.
Although it will face some headwinds, it's a market
poised for significant growth and opportunity to
drive future returns for companies and outcomes
for patients.

Business leaders should consider opportunities to
accelerate access to technologies and innovations
through strategic partnerships, licensing agreements
or acquisitions. Our team of experienced healthcare
bankers can help companies navigate the market
landscape and provide strategic advisory and
financing solutions to meet business objectives.
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Personalized medicine holds the promise to help
millions of people worldwide, but the infrastructure
of deploying it on a large scale brings challenges.
Scaling these technology solutions will require data
storage and tracking, modifications to regulatory
processes, and a robust supply chain that has already
seen recent struggles. Countries with universal
healthcare will have to find a way to integrate
personalized medicine into their system. Additionally,
physicians will need to be incentivized and patients
educated in order for both parties to be on board with
this new technology.

Business leaders should
consider opportunities
to accelerate access

to technologies and
Innovations through
strategic partnerships,
licensing agreements

or acquisitions.
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Beyond The Obvious Takeaways

Multi-omics

Rare diseases are the next logical step, as many share

Personalized medicine research has determined, genetic underpinnings similar to cancer. In contrast,
individually, the importance of the immune profile, more common diseases like diabetes, Alzheimer's,
genomes, microbiomes and non-molecular metrics. and autism lack genomic predictability, as they involve
These combined are considered “multi-omics” and many other factors, making application more complex.
are the next step at determining a more complete

picture of the patient. These continued integrations Large pharma is moving beyond the

and developments will lower costs and make these one-size-fits-all approach

processes more approachable and accessible. This
market is poised to hit nearly $14 billion by 2030.™
By combining individual omics analysis, a more
comprehensive data set can be created to drive
treatment plans as well as drug discovery.

Rare disease targeting

Large pharma is pivoting their strategy to capture the
trajectory of personalized medicine blazing a trail in
the market. Previously dominated by “one size fits all”
solutions, custom treatments will be the new frontier.
Recently, Bristol Myers Squibb acquired Turning

Point Therapeutics in order to bolster their pipeline of
precision oncology medicines. Personalized medicine

The success in oncology has spurred researchers to will continue to be a focus of investment as the
find where else this technology can be applied. opportunities grow.

' Source: Allied Market Research. https://www.globenewswire.com/news-release/2021/07/14/2262912/0/en/Global-Single-Cell-Multiomics-Market-to-Hit-13-90-

Billion-by-2030-Allied-Market-Research.html

Look Beyond The Obvious
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The following proprietary presentation (the “Presentation”) is given for general informational purposes only and shall be kept strictly confidential. Your receipt of such information
confirms your agreement and acknowledgement of the following terms and conditions. You agree that you and your affiliates and your respective employees, representatives and
other agents will use the information in the Presentation only for internal purposes and will not divulge any of such information to any other party, except as otherwise required by law
or regulation. Any retransmission or reproduction of the information in the Presentation, in whole or in part, in any format is prohibited, unless otherwise required by law or regulation.

You understand and agree that no Mizuho entity has made any commitment to provide you or any of your affiliates or any other party any financing, products or services with respect to
any matters contemplated by the Presentation or otherwise.

No representation, warranty or other assurance of any kind is made with respect to the accuracy, completeness or suitability of any information in the Presentation. Mizuho has not
independently verified the accuracy of information obtained from third parties and does not have any obligation to update any of the information contained in this Presentation. This
Presentation may contain information obtained from third parties and distribution of third party content in any form may be prohibited except with the prior written permission of the
related third party. To the extent projections and financial analyses are set forth herein, they may be based on estimated financial performance prepared by or in consultation with the
recipient and are intended only to suggest reasonable ranges of results. The printed presentation is incomplete without reference to the oral presentation or other written materials
that supplement it. You understand and agree that by providing you with this Presentation, Mizuho has not made a suitability determination with respect to you or any other person.

You understand and agree that Mizuho is not acting as your agent, fiduciary or advisor with respect to any matters contemplated by the Presentation. You should obtain your own
independent advice on the financial, legal, accounting and tax aspects of the proposed solution outlined in the Presentation. Mizuho does not in any way warrant, represent, or guarantee
the financial, accounting, legal or tax results of the transaction described in the Presentation nor does it hold itself out as a financial, legal, tax or accounting advisor to any party.

The Presentation is provided for informational purposes only and does not constitute an offer to buy or sell or the solicitation of an offer to buy or sell any security, instrument, loan,
derivative or related product or to participate in any trading strategy or a recommendation to do any of the foregoing.

Any tax aspects of any proposed financial solution included in the Presentation are non-confidential, and you may disclose any such aspects of any transaction described in the
Presentation to any and all persons without limitation. To ensure compliance with Internal Revenue Service Circular 230, prospective investors are hereby notified that: (A) any
discussion of U.S. Federal tax issues contained or referred to in the Presentation or any document referred to herein is not intended or written to be used, and cannot be used, by
prospective investors to avoid penalties that may be imposed on them under the United States Internal Revenue Code of 1986, as amended; (B) such discussion is written for use in
connection with the promotion or marketing of the transactions or matters addressed herein; and (C) prospective investors should seek advice on their particular circumstances from
an independent tax advisor. Please be advised that a conflict of interest may arise between the transactions contemplated in the Presentation and other transactions in which Mizuho
engages or services Mizuho provides, whether as principal or on behalf of others, and that you may not be informed of these other transactions or services. References to Mizuho
include Mizuho Americas LLC and its affiliates, as applicable.

Mizuho is an equal opportunity employer. © 2023 Mizuho Americas LLC. All rights reserved. Mizuho Financial Group Company.
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