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ACS

A Career Planning Tool For Chemical Scientists Y cremistryforLife”

ChemlIDP is an Individual Development Plan
designed specifically for graduate students and
postdoctoral scholars in the chemical sciences.
Through immersive, self-paced activities, users
explore potential careers, determine specific skills
needed for success, and develop plans to achieve
professional goals. ChemIDP tracks user progress
and input, providing tips and strategies to
complete goals and guide career exploration.

https://chemidp.acs.org °
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Career Consultant Directory W Chemistry for Life®
Find a Career Consultant
Academia Government Industry
W -
Nonprofit Independent Retirement
* ACS Member-exclusive program that allows you to arrange a one-on-one appointment with
a certified ACS Career Consultant.
* Consultants provide personalized career advice to ACS Members.
* Browse our Career Consultant roster and request your one-on-one appointment today!
www.acs.org/careerconsulting 6
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ACS Bridge Program A 4 f‘hegfwfo,wes

Are you thinking of Grad School?

If you are a student from a group underrepresented in the chemical sciences, we
want to empower you to get your graduate degree!

The ACS Bridge Program offers:
* A FREE common application that will highlight your achievements
to participating Bridge Departments

» Resources to help write competitive grad school applications and
connect you with mentors, students, and industry partners!

Learn more and apply at www.acs.org/bridge

Email us at bridge@acs.orqg

ACS Scholar Adunoluwa Obisesan

BS, Massachusetts Institute of Technology, June 2021
(Chemical-biological Engineering, Computer Science & Molecular Biology)

“The ACS Scholars Program provided me with monetary
support as well as a valuable network of peers and mentors
who have transformed my life and will help me in my future
endeavors. The program enabled me to achieve more than |
could have ever dreamed. Thank you so much!”

- GIVE TO THE

f R #~C SCHOLARS
<) AL D PROGRAM

-3 Donate today at www.donate.acs.org/scholars
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ACS Sam Jones, PhD
Chemistry for Life® fe) _ Science Writer & Exec Producer
/1
Looking for a new science podcast
to listen to? Deboki Chakravarti, PhD
‘ p Science Writer & Co-Host
T * I\I TO SUBSCRIBE
visit http://www.acs.org/tinymatters or
MATTE RS scan this QR code
Check out Tiny Matters, from the American Chemical Society.
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c&en’s
STEREO
CHEMISTRY

Subscribe now to C&EN's podcast

VOICES AND STORIES FROM THE WORLD OF CHEMISTRY B e ex=a

cen.acs.org/sections/stereo-chemistry-podcast.html

ACS Industry
Member Programs

* ACS Industry Matters

ACS member only content with exclusive
insights from industry leaders to help you
succeed in your career. #ACSIndustryMatters

Preview Content: acs.org/indnl

« ACS Innovation Hub LinkedIn Group

Connect, collaborate and stay informed about
the trends leading chemical innovation.

Join: bit.ly/ACSinnovationhub
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ACS on Campus is the American Chemical ' Acs
Society's initiative dedicated to helping students ‘
advance their education and careers. CAMPUS

Share your science with confidence - w! essential tips
for becoming a better writer. reviewer
communicatoc

Get Ahead.

Develop your careet. network with local professionals.
and learn how 1o leverage your ACS membership.

acsoncampus.acs.org

ACS
ACS Career Resources W Chemistry for Life®

Virtual Office Hours Personal Career Consultations Linked[l] Learning

Jim Tung

https://www.acs.org/careerconsulting.html https://www.acs.org/careerconsulting.html https://www.acs.org/linkedInlearning
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ACSPublications

Most Trusted. Most Cited. Most Read.

Most Trusted. Most Cited. Most Read.

ACS Publications’ commitment to publishing high-quality content continues to attract impactful resear
addresses the world’s most important challenges.

Browse Content

Publish with ACS
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New Products & Services

ACS OFFICE OF DEIR

Advancing ACS' Core Value of Diversity, Equity,

Inclusion and Respect

Resources

Inclusivity Style Guide

ACS Publications DEIR Hub

C&EN Trailblazers

Quick Guide: Inclusion
Moments

16

ACS Webinars on Diversity

ACS Volunteer and ACS
Meetings Code of Conduct

NEW! Download DEIR
Educational Resources

Quick Guide: How to host
inclusive in-person events

Materials
Science &
Engineering

ACS Open Science

https://pubs.acs.org

Organic-
Inorganic

NEW & NOTEWORTHY

Follow your favourite journal or newsletter
through the Email Preference Center

Open Access for everyone - no matter your
institution

Find the latest virtual, hybrid and in-person
events hosted by ACS Publications

Explore ACS Solutions

Diversity, Equity, Inclusion, and Respect

**Adapted from definitions from the Ford Foundation Center for Social Justice:

Equity**

Seeks to ensure fair treatment,
equality of opportunity, and
fairness in access to information
and resources for all. We believe
this I only possible in an
environment built on respect and
dignity. Equity requires the
identification and elimination of
barriers that have prevented the

full participation of some groups

ersity**
The representation of varied
identities and differences (race,
ethnicity, gender, disability, sexual
orientation, gender identity,
national origin, tribe, caste, socio-
economic status, thinking and
communication style:
collectively and as individuals. ACS
seeks to proactively engage,
understand, and draw on a variety
of perspectives.

Inclusion**

Builds a culture of belonging by
actively inviting the contribution
and participation of all people.
Every person's voice adds value,
and ACS strives to create balance
in the face of power differences. In
addition, no one person can or
should be called upon to represent
an entire community.

Respect

Ensures that each person is treated

with professionalism, integrity, and

ethics underpinning all
interpersonal interactions.

https://www.acs.org/diversity
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ACS Advocacy <7 fhe%stsryforme@

See your influence in action!

The impact and results of ACS member advocacy outreach and efforts by the numbers!

2439+ 1739+ 49

Members participated ACS Advocacy
In Act4Chemistry Workshops participants
or enrollees

2000

Years of Public
Policy Fellows

Letters sent to
Congress

Get Involved Enroll in a workshop Become a Fellow Take Action

American Chemical Society

https://www.acs.org/policy 1
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Miercoles, 1 de Noviembre, 2023 | 2-3pm ET Thursday, November 2, 2023 | 2-3pm ET Thursday, November 16, 2023 | 2-3:30pm ET

Microrobots que Limpian Rebroadcast: 10 Tips for Creating The Polymer Mechanochemistry
Agua Contaminada Abstracts with Substance and Style of Self-Healing Materials
Co-produced with the Sociedad Quimica de México Previously co-produced with ACS on Campus Co-produced with the ACS Division of Polymer Chemistry

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars
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FfEALING PR?WER
OF CHEMISTRY

THE

ACS NATIONAL]T
Save 50% on W Chemistry for Life® CH EWSTRY
ACS Membership
W|th Code NCW23| Offer is valid from Oct. 15 - 21, 2023, for new or upgrading members only.

Learn more at https://www.acs.org/membership.html
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www.acs.org/acswebinars

THIS ACS WEBINAR®
WILL BEGIN SHORTLY...

% Say hello in the
guestions window!

20

10


https://www.acs.org/membership.html
https://www.acs.org/membership.html

10/19/2023

ACS g oreneeses  (§) ACS Webinars
@ Chemistry for Life® Pty Under Handouts

www.acs.org/acswebinars

A Bond Worth Forming: The Rise of Targeted Covalent Inhibitors

AN

3
4

GARY GUSTAFSON, PHD NEIL DHAWAN, PHD ANGELA ZHOU, PHD
Co-founder and CEO,
Totus Medicines

This ACS Webinar® is co-produced with National Chemistry Week and CAS, a division of the American Chemical Society.

Senior Customer Success
Specialist, CAS, a division of the
American Chemical Society

Manager, Scientific Analysis
and Insights, CAS, a division of
the American Chemical Society
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CAS connects the
world's science

At CAS, our passion is advancing
scientific progress.

We are proud to partner with innovators across
industries, enabling them to maximize the power
of connected scientific information to advance
discovery and get solutions to market faster.

BETWEEN PROBLEMS AND PROGRESS
ARE CONNECTIONS THAT MATTER
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© 2023 American Chemical Society. Al rights reservec
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CAS connect you to the world’s

published science for better insights

ACTIVE PHARMA INGREDIENT COSMETIC FORMULATIONS

B ADATA ANALYTICAL METHODS PROTOCOLS GLOBAL REGULATIONS SPECTRAL DATA

STRUCTURES........ REACTIONS

PHARMACOLOGY / TOXICOLOGY PROCESSES

STRUCTURE-ACTIVITY-RELATIONSHIP PROPERTIES IP CLAIMS INGREDIENT FUNCTIONS

DNA / RNA SEQUENCES MARKUSH DISEASES

UVCB SUBSTANCES

NMR DATA FORMULATIONS CELL LINES / TYPES POLYMER PROPERTIES

BIOMOLECULE ISOLATION AGRICULTURE FORMULATIONS

MASS SPEC DATA TARGETS

PROTOCOLS ORGANOMETALLICS / INORGANICS BIOASSAYS

© 2023 American Chemical Society. All rights res

Data is valuable only when it is
transformed into insight
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Over

250

million substances

Over

64

patent offices
worldwide
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CURATE
to give
data meaning
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The Resurgence of Covalent Inhibitors in Drug Discovery:

INSIGHTS DERIVED FROM SEARCHING THE
CAS CONTENT COLLECTION™

Robert Bird, Haitao Chen, Gary Gustafson, Kavita lyer, Junko Kato-Weinstein,
Leilani Lotti Diaz, DaSheng Wang, Angela Zhou

© 2023 American Chemical Society. All rights reserved §
;;;;;
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Covalent Inhibitors are not new

— Aspirin — NSAID (non-steroidal anti-inflammatory drug), COX
inhibitor that decreases inflammation through the suppression of
prostaglandin and thromboxane synthesis (requires COX Acetyl salicylic acid
enzyme)

— Used as a therapeutic for 125 years, 17M prescriptions in 2020 *
— Off-target: Stomach ulcers, worsening asthma, among others?

1) "Aspirin - Drug Usage Statistics, US 2013-2020“ClinCalc
2) American Society of Health-System Pharmacists. 29 November 2021
3) doi:10.1515/9783110468755-002

26 © 2023 American Chemical Society. All rights reserved
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Covalent Inhibitors are not new 5 o o o

Clopidogrel

sH
i
ADP receptor

— Clopidogrel (Plavix) — alkylates receptor on platelets that keeps
them from sticking together and forming clots.

— Before expiration of its patent in 2011 it was the #2 selling drug
in the world?

— Compound is a prodrug, so less side effects but there are
incidences of thrombotic thrombocytopenia purpura? and
hemorrhage?

— With both drugs, covalency was not planned but serendipitous

i:10.1161/01.STR.0000109253.66918.5E

) doi:10.1038/nm0111-40
) doi:

)
)

.
n\\‘

doi:10.1016/S0140-6736(04)16721-4

doi:10.1515/9783110468755-002 CAS
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. . . N warhead
Rise of Targeted Covalent Inhibitors (TCI) [} .
S i__
— Toxic side effects arising from non-selective reactivity led many Afati;E
companies to shy away from covalent inhibitors in early 2000s
— Researchers tried incorporating electrophiles (warheads) that l

would only react when in position at site of action

— Afatinib, the first approved drug using TCI approach?, bound to
EGFR receptor putting a,p-unsaturated ketone in position to
form covalent bond with Cys797

1) doi: 10.1158/1535-7163.mct-17-0324

2) doi: 10.1007/s40265-013-0111-6 b
CAS™

14
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Theory of Targeted Covalent Inhibitors (TCI)

Leverages a guidance system and warhead

1. Guidance system brings 2. Aligns warhead to react 3. Covalent bond is
molecule to site of interest with residue formed with the target

Protein-inhibitor

Target Protein complex

Target Protein

~

/

Binding Sites Reactive site

Covalent binding
GrasRg .Guidance system

\Warhead

Covalent Inhibitor

e
-/
CAS™*
29 © 2023 American Chemical Society. All rights reserved
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Other Warheads Used in TClIs

— Although a,p-unsaturated ketone functionality has been the most
common warhead, many others have been incorporated as well.

Rz
\cl) 0 ,x\\\\/ R
B Rs R=-CN, -CO
S~ )J\ .
R o R H NO2, -502
Boronic Acid/Ester Aldehyde Alkenes, alkynes w/ EWG
o]
o) X R
~_
A NHR;
Ry Rs R, R=-CN,-CO
-NO2, -502
Q
Epoxide o-ketoamide Halogens w/ EWG z

30 © 2023 American Chemical Society. All rights reserved C AS
Amancan Chemical socety

30

15



10/19/2023

Advantages of TCls (Over Non-covalent Inhibitors)

Due to high biochemical efficiency, TCls may require less compound
and have fewer off-target effects?

Prolonged binding can result in less-frequent drug dosing?
Forming covalent bonds may help overcome endogenous substrates?

If strength of binding does not need to be as high, “undruggable”
enzymes with shallow or non-discrete binding sites, like those
involved in protein-protein interactions, can be targeted*

1) DOI: 10.1038/nrd1500

2) DOI: 10.1016/50149-2918(01)80109-0
3) DOI: 10.1021/jm3003203

4) DOI: 10.1021/acs.jmedchem.9b00561
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Literature Trends in TCI Publications

With the tremendous rise in the research being done on targeted
covalent inhibitors, an exercise was undertaken to look at the
trends in the publications and the compounds themselves.

To do this, searches were executed using the CAS Content
Collection™.

Year of publication and publishing institution were captured to
look for any trends as well as warheads, targets and
therapeutics areas.

)
Y

e
>
N

32
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Total Publications: Journals vs. Patents
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Total Publications and Patents Accelerating

Across the CAS Content Collection: Includes all warheads

— Year of publication and publishing
institution were captured to look for
any trends as well as warheads,
targets and therapeutics areas.

Key inflection points:

— 2011-12: possibly due to several TCls
in clinic approaching first approvals

— 2019-20: Publications in journals
up/patents down, Possibly due to
Covid lock down?
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Total Publications: a,B-unsaturated Carbonyls

Trend looks similar as total
publications

— a,B-unsaturated carbonyls dominate
publications

— Inflection 2011-12: Several q,B-
unsaturated carbonyls in clinic
(Afatinib and Ibrutinib among others)

a,B-unsaturated carbonyl!

Afatinib

35 © 2023 American Chemical Society. All rights reserved
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Warheads Publication by Year

Significantly fewer publications than a,B-unsaturated carbonyls

500 Ndehyﬂes(CHOJ
isulfid

50 {ee Enromc a:ms and esters
a-Ketoamindes
—a— Se-based
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36 © 2023 American Chemical Society. All rights reserved

@
=]

£ 50 Sullany\ ﬁuamies (SO0:F)

= —s— Isothiocyanates (NCS)

S

5

Zap

‘s »
220

E —_—

]

Z 10

“——-——-—"‘/—\/——'

o+

LTI Y1 3
LR

Publication year

70|1=e=FC¥
80 By | ¥ ON.CO. N0 SO
1cY

,,.9%//

s 8

S

Number of publications
2 888 g

E

o

Pubhr.etuon year

MW

CAS

Amarican Chamical Saciety

18



10/19/2023

Warheads by publication and CAS RN™

[~BCY (Y = CN, CO, NOz, SOy
ICCO(16)-) | ~CICY (Y = CN, CO, NOz, SO

| n=1or2
‘ / FCY (Y = CO, SO(n)

Sulfonyls (R-SOz)
S Nitros (R-NO:z ; 14)

R = alkene or alkyne

g Alkyne carbonyls (R-CO)
98 Nitriles (R-CN) | R = alkene or alkyne

Sulfonyls (SO2) No. of registered

substances
Sulfonyl fluorides (SOzF ; 33) 2001-2022

Isothiocyanates (NCS ; 41)

appearance
2001-2022

/ —

Epoxides

Se-based (35)
isulfides

< Boronic acids and esters

~ Aldehydes (CHO)

—16

a-Ketoamides

\\
A

He)
>
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Landscape of TCl Warheads

TCIl warheads that follow
Lipinski’s Rules

Overall, TCls are compliant with Lipinski rules: / ég‘gFo”Owed

82% follow 3 or all 4 rules 2/4 Followed

4,224
Perhaps due to overall lower average MW due

to less rigorous binding affinity requirements?

All followed

13,395 3/4 followed
10,193

38
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Comparing Approved TClIs with Those in Clinic

Warhead distribution

Other Aldehyde Epoxide

Epoxyketone
Butynamides

a-Ketoamide

1Gutynamides

Nitriles

a,B-Unsaturated

a,B-Unsaturated ) bonyl i Structure
carbonyls FDA approved TCls a-Ketoamides (a?yrlat:;l;; :s) TCls in development = unavailable
Boronic acids
and esters
Similar warhead distribution
';‘:

pA
CAS ™~
39 © 2023 American Chemical Society. All rights reserved

39
Comparing Approved TClIs with Those in Clinic
Protein target distribution
3CLpro XPO1 Caspase—\ Catk
FGFR2
Hemoglobin 1 JAKS
EGFR LARS1 METAP2
PDE4
KRAS
4 CYP17 4 FGFR4
MAPT
FDA approved TCls BTK/BLK/BMX TCls in development
JAK
4 NRF2 Pathway
BTK
B-Lactamase BTK
Q- )
Proteosome Hepacivirin EGFR
KRAS emerging as potential target;
EGFR and BTK continue to be targeted CAS Z:
40 © 2023 American Chemical Society. All rights reserved
40
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Comparing Approved TClIs with Those in Clinic

Disease/Indication distribution

Antifungal
Antibacterial / Chronic urticaria Liver cirrhosis
_1 Inherited _ .
disorder Obesity

1 » Osteoarthritis
Autoimmune

- Autoimmune
disorders

3 disorders

4  Antivirals

Cancer

FDA approved TCls TCls in development

Most TCls in development continue to be for cancer therapy

X
L)

He)
>
i

41

Most Common Targets of TCls and Cancer Links

Number of publications

— By searching the CAS 0 50 100 150 200 250 300
Content CO”eCtionTM’ the Epidermal gﬁorﬁr};z;gfggaiﬁgéz
tOp 20 targets associated Proteasome endopzr;l:gi;s:mcg;eplex
with targeted covalent oKiras protein
inhibitors by number of B T e 3
publications were o et JAKS

: e Proteinase 3CLpro NSP5, coronavirus
|dent|f|ed- Interleukin-2-inducible T-cell kinase
Protein kinase mTOR

h Kinases Often aCtivated in Protein 1yrosm§i|t:aals::i'?esc

Cytachrome P450 3A4
human cancer Soluble tumor necrosis factors
Aromatase

. . Chymotrypsi L
— Have been InVeStlgatEd Acetylchoﬁ‘;ne(;trg&ﬂg Il Journals Patents

for cancer therapy

.‘\\

42

21



10/19/2023

Summary of Trends in Publications on TCls

Research in TCls (evidenced by publications and approved drugs) has
shown consistent growth over the last 20+ years

The ability to target covalent bond formation has benefits in efficiency,
specificity and fewer side effects compared to non-covalent inhibitors

a,B-unsaturated carbonyls are the most frequent warhead used but a
variety of warheads are being employed

82% of published TCls have 0 or 1 Lipinski violation

In a sampling of TCls in the clinic or approved drugs, 73% are cancer
therapies

EGFR and BTK are the most common targets of approved TCIs but KRAS
dominates among TCls in clinic and many other targets found in literature

.
X
(X%

)
>
N
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Gain insights on the landscape of
covalent inhibitors and more

‘ Unigue analysis of a wide range of topics

cas.org/insights

[ul] Articles [ul] Executive Summaries
Eg Insight Reports & Journal Publications
Gary Gustafson, PhD

Senior Customer Success Specialist
ggustafson@cas.org
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Creating new, lifechanging therapeutics

repeatedly through revolutionary innovations
in chemistry, biology, and Al

October 2023

Power: Covalency is Key

Druggable targets have
simple footholds for drugs to
attach

Undruggable targets require
special tools to create drugs

that bind
Undruggable targets require
special tools to create a
foothold and attach to the
1 target

46
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Power: Covalency is Key

Covalent Drugs Form oo

H Typical ionic drugs bind weakly and fall off which leads to
a Precise Covalent Bond loas effective drugs
with the Drug Target

;?gril:-m drugs represent some the most impactful drugs of Covalent Modifier

* Penicillin

* AZT

* Statins

« Cancer Alkylating Agents

Covalent drugs create a foothold and bond to the target
12 which leads to extremely effective drugs

47

Covalent Properties Enable Remarkable
Developmental Advantages

lonic drugs

Percent approved after Phase Il 0)
(modern covalents) l A)

Time from IND to approval 10
(modern covalents) y

Percent safe & essential
medicines (WHO list)
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Power: Covalency is Key

Covalency Can Solve Multi-billion Dollar Healthcare Problems

Kras-G12C Lung Cancer EGFR-mutant Cancer HIV/ AIDS

100,000 New cases per year 200,000 New cases per year 1,300,000 New cases per year

—>{—>J - e{—)f {

60 Response Rate 20 Duration of Action 80 Life Expectancy

= 40 " 15 . 60

Q < P

] £ 10 g 40

& 20 s >
5 20
0 0

Standard Covalent Non-covalent Covalent No treatment ART
Undruggable Target Resistant Target Non-protein Target (DNA/RNA)
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So Why Are Less Than 2% Of Drugs Covalent?

01 02

Prevailing perception that Lack of high-throughput
specificity is too difficult to screening technology for
achieve, raising safety covalent drugs resulting in

concerns lengthy, costly discovery
timelines
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Covalent Drug Perceptions and Reality Dramatically Diverge

Covalent drugs are as safe, and sometimes Covalents have led to repeated We now have the technologies to
safer, than non-covalents blockbusters and >$10B acquisitions evaluate the safety of covalent drugs

AbbVie to Buy Pharmacyclics
25% in $21Billion Deal

6% .:\mgcn Strikes $10.4 Billion Deal
for Onyx

Proteasome 7% Forget Tagrisso’s $3B sales target. It'll
be double that by 2013, analyst says

Conventional Design of Precise Covalent Drugs is Challenging

Researchers must find a needle
in a haystack.

Effective identification of a precise
covalentdrug results in profound
pharmaceutical advantages
including:

Very High Potency
Binary Specificity
PK/PD Independence

Built-in Biomarker




A great example

Following the path of a proven, covalent drug in resistant lung cancer

Cancer develops resistance Covalent drug is effective
to typical drug against resistance

7 7 7

“ TAGRISSO’

osimertinib

Response Rate
60 as 2n line therapy

EGFR-mutant Lung Cancer

$6 Billion Annual Market as first-line therapy Standard Covalent

covalent inhibitor of PI3Ka

10/19/2023

Covalent outperformed the
non-covalent drug

Duration of Action
20 -
as 1stline therapy

Non-covalent Covalent
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PI3Ka is one of the most significant unmet needs in oncology

Current molecules do not
durably inhibit the pathway and have proven
ineffective in the clinic

PI3Ka is one of the most mutated
cancer oncogene (~15% of all cancers)

=7)

2
=
2
@
a
5
9]
2
E
=
4

Pathway Inhibition (%,

0 3 24 48

e Alpelisib MutSpecific-PAN MutSpecific-H1047R

CRISPR deletion and full knockout (equivalent to 100% inhibition) induces cell
death in PI3K-alpha mutant cells across different tumor types

Bladder | Colon | Lung | Gastric | Breast | NSCLC nMoenI; NSCLC | Al Al Al Al
Mutated
Gene PIK3CA | PIK3CA | PIK3CA | PIK3CA | PIK3CA EGFR BRAF KRAS All All All All
CRISPR
Knockout | PIK3CA | PIK3CA | PIK3CA | PIK3CA | PIK3CA EGFR BRAF KRAS PIK3CA EGFR KRAS BRAF
Gene
Average | 103 | 095 | -086 | -099 | -102 -0.61 -0.91 036 | -0.26 | -0.39
Gene Effect

*Data has been updated with most recent version
https://depmap.org/portal/
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Knockdown of PIK3CA leads to robust pathway re-activation

ERS  LnCAP (Prostate)  P-INSR,PIGF-1R

A o 2 1 :Ms 7 9 11 1315 17 19| :’1: '
RERE: N SR
O ®mZnz it kg Seasi e ias
3 XEXE T
Q D.'ccn [ By7] e um;.
IGF-1 - + - + - + € gEeenms ittt REal
pAkt 5473 [T e - i Robust RTK
PAkt T308 [ | Mo oean activation
Akt occurs across cell
linesin response to
PRAS40 T246 [N
O asis : PI3K-AKT
(oo inhibition

SKBR-3 (Breast)
135 79 1113151719 2123
L od

we

‘. =
;- Ohr 9@

MDA-MB-468 e °
i ..

2ahe AKTi @8

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3025058/
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Totus’ goal was to develop a molecule that can achieve complete
inhibition of PI3Ka. in a highly specific manner
Non-covalent Drug Treatment Covalent Drug Treatment
Growth Growth Growth
Factor Factor Factor
Receptors Receptors Receptors
iy W W
. .
O ]
N N~ v & &
] O
b ¥
e ® e B
&g Andpoiersion ® g Andproiieaion X se AndRegesson.
+0+US
58
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Totus platform delivered the first highly specific covalent inhibitor
against PI13Ka, which is mutated in ~15% of all cancers

TOS-358- 4 months to discovery, 24 months to the clinic

C()F\I,raﬁgnst 'I)r?r?il{)lﬁor Feedback inhibition Superior Efficacy

TOS-358

=7)

TOS-358
FIH 1st Q’23

ooor oo 001 01
Concenaton h)
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24hr 48hr

Toroetingla Unidus cysteine Sustained pathway inhibition No sustained hyperglycemia
d ir?PlsK-gl hay across PI3Ka-mutant and no DLTs at maximal
P cell lines efficacious doses

PI3K-alpha knockouts can induce limited glucose increases, but no sustained hyperglycemia

A D

Fed state Fasted state Fed state Fasted state

% 160 | Males = it
160 *E o 8s * 120 § 80
140 80 " 3
120 75 40 g
0
80 70 Females s o
& 65 120
40 60 80 O pl10a flox
20 55 an 1100 KO
0 50 o

10 weeks 18 weeks

Glucose, mg/dl
1=}
Glucose (mg/dl)

O loxp/loxp (LacZ)
m |oxp/loxp (Cre)

16

+0+US

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3144706/
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PI13K-alpha knockout in liver does not induce sustained hyperglycemia

A u*lﬁ ol th p"'
Insulin (min) 0 15 30 60 0 15 30 60 0 15 30 60 0 15 30 60
P-AK Serd73 [~ MEDEE W8 8 v pclx}/?- D;lo- péJrl/? péLlO-
Total Akt FEET T L |
R p— e N T T &‘éjgf)e 119+2 [118+1 109 + 4 1i8t
Total Akt | M - CL DL L L g
P-S6 ———— e —— — SR p———
Actin | - | | o i i -
P-GSK3B | /% v o o 88 8 e o o - —
Actin | || - -
17 +0+US
https://diabetesjournals.org/diabetes/article/60/5/1483/33574/Ablation-of-PI3K-p110-Prevents-High-Fat-Diet
61
PI3K-alpha liver knockout does not induce sustained hyperglycemia
Graphical Abstract
LIVER PISK ACTVIY O mPI3K"+TGX221  WPI3Kd "+vehicle
Pk WIeTerz Pk o OPI3Kd"4TGX221  QpI3Kd*"+vehicle
o POKE (ke PIKE (4 e o
= - ! | ] 18+
i : ‘Hyperglycemia‘ _..16: ’§‘~ ANOVA
Normoglycemia ‘ = ]4: ’O' Q P<0.0001
BLOOD GLUCOSE 121 ; N
£101 - s
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Insulin Insulin & 8-
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- .r—s‘ AKT AKT <an1 = A
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62 +0+US
https://pubmed.ncbi.nim.nih.gov/30982732/
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“Alpha-selective” inhibitors block PI3K signaling in the

absence of PI3K-alpha

Name ICso p110a ICs p1105 ICs p110y ICs0 p1105

PIK75 5.8nM 1.3 M 76 M 510 1M

AZD8835 6nM 431 M 90 M 6nM

TGX221 5 M 5nM >10 pM 100 nM

AZD8186 35nM 4nM 675 nM 12 nM

PI3Ka* PI3Ka'® 5 Hea
PIK7S(uM)D O 010413 5§ 0 0 010412 & TGX221 (M) 00 O*.’1|3§:-4t1‘2 s o0 S!?ngu.z s

Insulin(10AM)-  + + + + + - + + + + +
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https://pubmed.ncbi.nim.nih.gov/30982732/

Alpelisib achieves a poor cellular window of PI3Ka/PI3Kb inhibition

Alpelisib NanoBRET

(Cheng-Prusoff Controlled)

150 -
-»- PIK3CA
o -=- PIK3CB
£
S 100 A
£
m
c
o
© 504
o)
o
0 "
-10 -4

Log [M] compound

PIK3CA

PIK3CB

IC50 | 5.397e-008 | 6.441e-007
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TOS-358 bonds a unique cysteine in PI3K-alpha

65

TOS-358 achieves a significant cellular window of PI3Ka/PI3Kb

inhibition
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Alpelisib NanoBRET

(Cheng-Prusoff Controlled)
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-o- PIK3CA
-=- PIK3CB

Percent Binding
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TOS-358 NanoBRET
(Cheng-Prusoff Controlled)

\.\\«ﬁ.

10/19/2023

+0+US

-o- PIK3CA
-=- PIK3CB

-10

-9

-8 -7

-6 -5

Log [M] compound

PIK3CA

PIK3CB

IC50

9.584e-009

5.578e-007

+0+US
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TOS-358 achieves near complete inhibition of downstream signaling

TOS-358 (1 uM)

Alpelisib (1 pM)

SW948, colon T84, colon AGS, gastric SW948, colon T84, colon AGS, gastric
E542K E542K E453K, E545A E542K E542K E453K, E545A
Time ()| o 3 24 48 0 3 2448 0 3 2448 0 3 2448 0 3 2448 0 3 2448
pAKT (5473)| ‘- — i -, - -
AT . S e || e - -~
PPRASA0 | s - -_— p— —
(T246) - L] ] - -
PRASAO) N[ S e e S e .-
GAPDH| - s - — N — N - — I ——— [ — — — O —
+0+US
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TOS-358 can also inhibit signaling in Alpelisib-resistant settings
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TOS-358 can uniquely shut down PI3Ka leading to superior efficacy
across multiple tumor subtypes (Mouse T1/2= ~2 hours)

PI3Ka-mutant Lung Cancer PI3Ka-mutant Colorectal PI3Ka-mutant Breast Cancer
(PDX) Cancer (PDX) (PDX)

1800.00 1200.00
1600.00
1000.00
1400.00
1200.00 800.00
1000.00

800.00 600.00

600.00 400.00
400.00

, - 200.00
20000 L AL—e—" T t—ee 4\'\&_,_'_‘
0.00 - 0.00
0 5 10 15 20 20 0 10 20
—a— Vehicle —a— Vehicle —&— Vehicle

—a— TOS-358 (10 mg/kg BID) —a— TOS-358(10 mg/kg BID) —#— T0OS-358 (10 mg/kg BID)
Alpelisib (10 mg/kg QD) Alpelisib (10 mg/kg QD) Alpelisib (10 mg/kg QD)

TOS-358 can max out target engagement with no DLTs in preclinical
models

Blood Glucose in 7-day Dog Study (Day 7) Therapeutic Window in 28-day GLP Studies

.
S)

Normal Glucose Range

J J M

® ©

TOS-358 Alpelisib Copanlisib

~

o

IS

w

Blood Glucose Concentration (mM)
@

BN

o

Vehicle 1mg/kg PO 1.75 mg/kg PO
m0 m4 =8 =12 Time (hr)
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TOS-358 demonstrates profound and continuous inhibition at low
doses through accumulation on slow turnover PI13Ka (dog, mouse)

Dog study with 7-day treatment with 1 mg/kg QD with 7 day drug Low dose treatment (0.5mg/kg)‘can accumulate on target to
washout reveals >5 day PI3Ka protein half life induce stable regressions after 6-7 days

o056 Percent PI3K-Alpha Occupancy

90%
500 — Vehicle
80% TOS-358 10 mg/kg QD
o TOS-358 2.25 mg/kg BID
. Indlcatlvg of TOS-358 1 mglkg BID
a prot_em TOS-358 0.75 mg/kg BID
I half life TOS-358 0.5 mglkg BID
of 5 days 300 = TOS-358 3 mg/kg BID
50%
+
20% 200 =
—~
(3]
30% £
800 -
20%
10% 0 ——r—r—r—r——r—r—r—r——r—r—r—r—
0% 5 10 15 20
4hr 8hr

Ohr Predose 12hr Ohr Predose

AL RN

Tumor volume

Study Days
Day 0 Day 7 Day 14
N +0+US
71
Totus has established a seamless clinical approach across multiple
P13Ka mutant tumors to support an accelerated approval path
Phase 1 Phase 2 Tumor Specific Expansion Single Arm Open Label
Pivotal Trial
CRC (n= 25)
Gastric Cancer (n=25)
| NseLe (=29
Dose Escalation Tumor Specific Trial
3+3 Design TN/ER+ BC (n=25) (n=~150)
H&NSCC (n= 25)
Bladder Cancer (n=25)
Other Solid Tumors (n= 25)
Protocol Amendment
Introducing Combinations (e.g.)
+ERIi in Breast
+KRAS:I in Lung/CRC
MTD = maximum tolerated dose +Cetuximab in CRC
MED = minimum effective dose (e.g., 95% target engagement = 90% of time) +O+US
72
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

THE LIVE Q&A IS
ABOUT TO BEGIN!

Keep submitting your questions
in the questions window!

Gain insight at the intersection of
science, tech and innovation

Connect with us at cas.org/insights

B8 Insight Reports Articles Journal Publications

Topics:
Drug Discovery Emerging Science Consumer Goods Digital R&D Safety
Sustainability Intellectual Property ~ Synthetic Chemistry  Biotechnology Materials
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Drug Discovery and Chemical Biology
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Learn More
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The Polymer Mechanochemistry
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

@ ACS Webinars

CLCK « WATCH - LEARN = DISCUSS

Learn from the best and brightest minds in chemistry!
Hundreds of webinars on a wide range of topics relevant to

chemistry professionals at all stages of their careers, presented

by top experts in the chemical sciences and enterprise.

° Edited Recordings

=9—— are an exclusive benefit for ACS Members with the
Premium Package and can be accessed in the
ACS Webinars® Library at www.acs.org/acswebinars

Live Broadcasts

of ACS Webinars® continue to be available free to
the general public several times a week generally
from 2-3pm ET. Visit www.acs.org/acswebinars to

register® for upcoming webinars.
*Requires FREE ACS ID
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www.acs.org/acswebinars

@ ACS Webinars

CUCK » WATCH - LEARN = DISCUSS

ACS Webinars® does not endorse any
products or services. The views expressed in
this presentation are those of the presenter
and do not necessarily reflect the views or
policies of the American Chemical Society.

Contact ACS Webinars® at acswebinars@acs.org
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