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Building on our in-house drug discovery
capabilities to meet society’s needs

From the anti-HIV drug Tivicay (dolutegravir) to the COVID-19 treatment
Xocova (ensitrelvir) - the birth of these breakthrough drugs was powered
by SHIONOGI's advanced technical expertise, its continuous evolution,

and a corporate culture that embraces cross-departmental collaboration.
Two researchers who led the development share insights into the true \:‘
value of our drug discovery capabilities in fighting infectious diseases. /

[Z Please also see the SHIONOGI Journal

The dedicated efforts of medicinal chemists
behind anti-HIV drug dolutegravir

Kawasuji joined SHIONOGI in 1994 as a medicinal chemist
(drug discovery chemistry researcher). He participated in
the HIV drug discovery project and has dedicated the past
20 years to anti-HIV drug research and development.

Kawasuji When | started, SHIONOGI was already work-
ing on HIV drug discovery. At a time when the severity of
HIV wasn't fully recognized, | remember feeling proud to
be part of a project that had begun basic research with the
conviction to deliver medicine to patients. While my spe-
cialty was organic synthetic chemistry and | had limited
knowledge of viruses, SHIONOGI's culture of cross-disci-
plinary learning in pharmacology, pharmacokinetics, safety,
and other fields supported me as | embarked on this
unknown challenge. Unraveling the mechanisms of viruses
was truly fascinating, and the knowledge | gained then
remains invaluable to me today.

Other companies had already developed drugs targeting
protease and reverse transcriptase, but HIV is a virus that
mutates very easily and develops resistance readily.
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Principal Researcher

Drug Discovery Research Division

Predicting the need for drugs with different mechanisms of
action, SHIONOGI focused on integrase inhibitors. From
approximately 50,000 compounds in our library, we identi-
fied hit compounds (starting points for drug discovery)
through six months of screening.

Overcoming adversity with the drive to create even better
medicine

Kawasuji Through repeated structural optimization, we
finally advanced to clinical trials as the world’s first inte-
grase inhibitor. Although the Phase 2 trial was discontin-
ued, this led to joint research with GSK. Right after
discovering a promising new compound, we received news
that another company would launch a similar drug, which
honestly shook us.

Still, that's what researchers do - we keep pursuing
something even better. We continued our parallel search
for compounds with higher efficacy and safety. The result
was dolutegravir. Combining high efficacy with making
resistance to drugs less likely to develop, it's still used
worldwide as a standard treatment today. Being able to
help so many patients is my greatest source of pride.
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Takashi Kawasuji, Ph.D.
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Shota Uehara, Ph.D.

Researcher
Laboratory for Medicinal Chemistry Research

Computational chemistry paved the way for
COVID-19 treatment ensitrelvir

Uehara joined SHIONOGI in 2017, working on computa-
tional chemistry-based drug discovery research. In the
rapid development of COVID-19 treatment ensitrelvir, he
contributed through his specialty of virtual screening.

Uehara New drug development typically takes about ten
years. In contrast, ensitrelvir achieved domestic emergency
approval in just 2 years and 5 months. One key factor
enabling this rapid development was a technology called
virtual screening. Finding new hit compounds isn't easy -
obtaining reliable hit compounds from large-scale screen-
ing requires long periods and extensive resources. Virtual
screening uses computer simulation to replace this difficult
work at ultra-high speed.

Past computer simulations lacked sufficient accuracy and
often failed to deliver expected results. However, recent
advances in computer performance and scientific technol-
ogy have made large-scale, high-precision simulations
possible, and | feel we have entered an era where compu-
tational chemistry can truly contribute to drug discovery.
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Ensitrelvir research became a major turning point where
SHIONOGI's accumulated computational chemistry tech-
nology successfully delivered medicine to patients.
Kawasuji By continuously refining our technology since
the early days of computational chemistry, we were able to
achieve success during the pandemic when it was needed
most.

Uehara In addition, SHIONOGI's research structure—
where team members with diverse expertise work
together—was a major factor in our success. Even our com-
putational chemistry specialists don't just work with com-
puters in isolation; they engage in daily discussions with
team members about what's needed to create new medi-
cines, approaching drug discovery collaboratively.

Combining simulation and synthesis technologies for
rapid drug discovery

Uehara We targeted 3CL protease, an enzyme essential
for novel coronavirus replication, and tackled virtual
screening of SHIONOGI's compound library. Thanks to our
predecessors who synthesized and stored compounds in
our library, and the fact that 3CL protease’s three-dimen-
sional structure was registered immediately after COVID-19
reports, we were able to narrow down valuable hit com-
pound candidates from just a few days of computation.
Kawasuji  Actually, we were the ones who promoted the

idea of making it a rule to register compounds synthesized
by medicinal chemists in the library. We considered

compounds created at SHIONOGI as assets and system-
atized the registration process about 20 years ago, but
never imagined it would prove this valuable.

Uehara Since we found hit compounds with chemical
structures previously researched at SHIONOGI, we had
accumulated data on synthesis methods and properties,
giving us an overwhelming advantage at the research
starting point. Virtual screening has the potential to
dramatically transform how drug discovery works.
Kawasuji Starting with compounds identified through
simulation, we skillfully optimize their structures in
SHIONOGI's research laboratories. The synthetic capabili-
ties of our medicinal chemists, who can synthesize even
highly challenging compounds, will continue to support
our high internally-discovered pipeline ratio.

Contributing to treatment optimization
through understanding patient needs and
next-generation technology

Kawasuji As research progressed, | began to see the suf-
fering of HIV patients around the world. Being reminded of
their infection every time they take medication, worrying
about being discovered if someone sees their pills - when
pharmaceutical companies understand patient needs and
concerns, treatments and even treatment methods
become optimized. The long-acting injectable currently in

Takashi Kawasuji

Joined Shionogi & Co., Ltd. in 1994. Ph.D. in
Pharmaceutical Sciences. Devoted efforts to cre-
ating the anti-HIV drug dolutegravir, currently
serves as Principal Researcher. A leading drug
discovery researcher with numerous domestic
and international awards including the Heroes of
Chemistry Award and the Imperial Invention
Prize. Has led infectious disease drug discovery
for many years and is highly regarded both within
and outside the Company.
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development will significantly reduce patient anxiety.
Uehara Our computational chemistry team is applying
ensitrelvir's success to future drug discovery, establishing
virtual screening systems that can rapidly identify hit com-
pounds for any target. However, systems alone are mean-
ingless. They only work because we have excellent
medicinal chemists who can synthesize compounds based
on simulation results.

Additionally, SHIONOGI has recently begun addressing
disease areas like hearing impairment and sleep disorders
that deeply affect quality of life (QOL). We are expanding
computational chemistry-based drug discovery approaches
to QOL diseases where various factors interact in complex
ways.

Kawasuji | find it reassuring to see the next generation
like Uehara developing. | can confidently entrust
SHIONOG!'s future to them.

Behind every new drug sent out to the world lie countless
processes. Creating candidate compounds with our own
hands, nurturing them, and connecting them to prod-
ucts—his consistent approach to drug discovery is the
source of SHIONOGI's high internally-discovered pipeline
ratio and research speed. Today, that solid technology
and spirit are being firmly passed on to the next genera-
tion. Future drug discovery will evolve to be faster and
deeper still.

Shota Uehara

Joined Shionogi & Co., Ltd. in 2017. Ph.D. in
Computational Science. Contributed to the discov-
ery of COVID-19 treatment ensitrelvir. Winner of
awards including the Breakthrough Award,
Division of Medicinal Chemistry, Pharmaceutical
Society of Japan and the Pharmaceutical Society
of Japan Award for Drug Research and
Development, a researcher leading next-genera-
tion drug discovery. Achieves rapid new drug
development through molecular design using
computational chemistry.
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