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Moderator & Host:

Daniel Ritz

Senior Director — Senior Group Leader
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Alisa Serio

Alisa Serio is Executive Director of Microbiology and Nonclinical
Development at Paratek Pharmaceuticals, Inc. She has over a decade of
experience in antibacterial research and development, in particular in
combating antimicrobial resistance (AMR) and has contributed to the FDA
approval and commercial launch of new antibiotics as well as research
activities under several US government partnerships.

Alisa received her PhD in molecular biology and microbiology from Tufts
University Graduate School of Biomedical Sciences, USA and completed
a postdoctoral fellowship in molecular and cell biology at the University of
California, Berkeley, USA.




Progressing an antibacterial discovery
project —an SME Perspective

ALISA W. SERIO, PH.D

EXECUTIVE DIRECTOR OF MICROBIOLOGY AND NONCLINICAL
DEVELOPMENT, PARATEK PHARMACEUTICALS INC, USA




Disclaimer

The views and opinions expressed in this program are my own and
do not reflect the views or positions of my employer Paratek
Pharmaceuticals, Inc




Agenda

Overview of drug discovery and development process through

approval & commercialization

e Key considerations

Examples of Go/No-Go Decisions and Successful Approvals

e Consideration for program origination within SMEs
e Program strategy
e How and when funding can play a role for SME programs




Antibacterial Drug Discovery & Development

Phase 1 Regulatory Commercialization
IND-enabling Phase 2 approval

studies Phase 3 Post-marketing
‘preclinica| commitments
studies ohase 4

‘ > in vitro & in vivo
Optimization Other regulatory
submissions
® Other indications
Target
indication
Compound
screening
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Vignettes
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Foundation

Strategy




Biotin Carboxylase Inhibitor - Foundation

Chemical library screen
of 1.6 million
eukaryotic-targeted

new antibacterial In vitro and in vivo
target and proof-of-concept

compounds compound class studies




Biotin Carboxylase Inhibitor Program - Achaogen

Strategy:
Rational
optimization Funding

using structure Opportunity
guided
approach

National Institute of
N I H Allergy and
Infectious Diseases

Optimized
physiochemical
properties
(membrane
penetration /
efflux)

+Basic Amine Two Vectors (refflux)

{cLogD

Improved
antibacterial
potency

) ( K. pneumoniae 8

P. aerugionsa 1

for Optimization |A. baumannii >256




Biotin Carboxylase Inhibitor Program - Achaogen

Go / Decision

MIC changes conferred by spontaneous P acruginosa mutations

MIC (mg LY fold-change from WT

Strain 1 I4a 14 1 142 14e
Wibskgoma® ® 1 8 @® ®
BC L278F 128 256 64 8 256 8
BC 437N =128 128 64 =8 128 8
BC 1437T =128 128 64 =8 128 8
MaxT F2011 =128 2 B =8 2 1
MexT P20IL =128 2 B =8 2 1
MexT V226L =126 1 & =B 1 1

INV({mnxd-mexs} =128 32 32 =B 32 4

EP. aerugmoesa Amexd B-oprM, AmexCD-oprd, AmexEF-oprN [PAM1626 from Ref 47]

Reference 1




LpxC Inhibitor - Foundation

Novel essential Several Inhibitors with
Gram-negative discovery antibacterial
target programs activity
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LpxC Inhibitor Program 1 - Achaogen

Strategy:

Medicinal
chemistry

2

Funding
Opportunities

National Institute of
Jt"tllrgy..r and
Infectious Disease:

2

wellcome

wj

CARB-X

Combating Antibiotic Resistant B

Robust
Preclinical |:>
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LpxC Inhibitor Program 1 - Achaogen

Phase 13
ACHN-975: First-in-Human single ascending dose study




LpxC Inhibitor Program 1 - Achaogen

Go / Decision #1

s 2




LpxC Inhibitor Program 2 - Achaogen

In vitro

Focused Alternative leads

medicinal
chemistry identified

In vivo

B % -

DTRA, NIAID, Wellcome, CARB-X




LpxC Inhibitor Program 2 - Achaogen

Go / Decision #2




Vignettes

Programs

e Biotin carboxylase
e LpxC inhibitor

e Plazomicin

e Omadacycline




Plazomicin Program Foundation & Strategy - Achaogen

- Evade known
Strategic medicinal resistance

Existing class with

extensive history
aminoglycosides

Hydroxy-Ethyl
Blocks AMEs

chemistry mechanisms

- Expand spectrum

HABA group
Blocks AMEs

OH
HO

Gioeh N
1
P|a20m|C| n HABA=hydroxy-aminobutyric acid

AME=aminoglycoside modifying enzyme



Plazomicin Program - Achaogen

IND Phase 3 FDA Approval 2018
Phase 1 cUTI /AP?! cUTI ONLY
Phase 2 BSI due to CRE? ZEMDRI™

Acquisition of Plazomicin
(ZEMDRI™)
Approval in India 2024




Omadacycline Program Foundation & Strategy - Paratek

- Evade known resistance

Existing class with mechanisms

long history of

Strategic medicinal
safety and utility

chemistry

- Improve on tolerability
(tox/emesis)

tetracylines _ -
- Oral bioavailability

C7-position modification:
Active Efflux Pumps

C9-position modification:
Ribosomal Protection




Omadacycline Program - Paratek

IND Phase 3
Phase 1 ABSSSI?

FDA approval 2018
ABSSSI and CABP

NUZYRA®

Phase 2 CABP?




Omadacycline Program - Paratek

- Required
Post- Post-
|:> marketing - Development
approval studies for new

indications
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Victoria Savage

Victoria Savage is Chief Scientific Officer of INFEX Therapeutics Ltd, an
infection-focused biotechnology company developing several new
therapies for drug-resistant infections based in Cheshire, UK.

She is a microbiologist with a keen interest in antimicrobial research and
development and has contributed to the development of multiple
antimicrobial programs, from early-stage assets through to clinical-stage
projects. Victoria has experience in the development of diverse modalities
including small molecules, biologics and non-traditional approaches. She
gained her PhD in Microbiology and Immunology from the University of
Leeds, UK and also serves on several scientific advisory committees in
biological sciences.
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AMR - The Broken Market

Market Challenges Jeopardize Antibiotic Access

e

It takes 10-15 years and FDA approval ’
$1.3 billion to develop @ O ()
an antibiotic. 8 0000
O (=)
W Patient access
Valley of death
Challenge.s at . x Market failure
commercialization/once

new antibiotic is approved

Low potential Pricing and Y The combined sales of Companies behind 5 of
sales volume for + reimbursement == all branded antibiotics the 15 new antibiotics
newly approved for antibiotics is inthe US. in 2018 was approved since 2010
antibiotics. typically low. $535 million. have collapsed.

Image: Pew Charitable Trusts

Antibiotics are not an economically viable investment
Profitability of different disease treatments (millions of dollars), 2014-16

Development ($M) - Profit ($M)

Cancer

treatments 8,200

Respiratory
treatments

Dermatology

Musculoskeletal
diseases 3,200

Cardiology 2,800

Haematology 150

Antibiotics -100

Image: Wellcome Trust

https://www.pewtrusts.org/en/research-and-analysis/data-visualizations/2021/antibiotic-
development-needs-economic-incentives

https://wellcome.org/news/its-time-fix-
antibiotic-market

33
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The Role of SMEs in AMR Innovation

Companies with preclinical pipeline

projects by size (employeesz Less than 5% of preclinical AMR
arge . . .

« (5014 mnovatlo.n occurs .|n Ie.1rge

commercial organisations
oS Medium

(51-500)

>95% of AMR preclinical Micro Small
pipeline projects are in SMEs (10) (11-50)

SME: Small to Medium
Enterprise

World Health Organisation - 2023 Antibacterial agents in clinical and preclinical development



Where SMEs fit in the pipeline

Academia SMEs, Pharma, Non-profits Pharma, Non-profits

Feasibility Early Preclinical CTA-Enabling

Discovery Hit to lead Lead op GLP regulatory tox Phl Ph2 Ph3
Target ID PK/PD
Target validation Formulation
Hit compounds Dose simulation
CTA/IND preparation
\ v
Hit Lead Preclinical Clinical

Candidate Candidate
% selection selection

PUSH funding

- R



Developing new antibiotics

O Development timeline I I
Clinical need
Idea

[ Target product ]_ Target candidate profile (TCP) { ]
profile (TPP) Go/No-Go Criteria

e

———

Assay cascade/funnel

What
TPP must be patients/organisms?
established early in

Differentiation
development

e,
-—— e ——————
e

______________________________________




Developing new antibiotics — HTL/LO

Design & Synthesis

Tier Number of compounds
MIC panel Cytotoxicity assay Enzyme assay 1 100s-1000s
Extended MIC panel In vitro DMPK 2 10-100
Resistance In vitro tox I In vitro DMPK PK 3 5-20
MIC90 panels Micro In vitro tox Efficacy Resistance 4 210
Advanced In vitro tox Formulation PK 5 1-5
Micro

Non-GLP tox Efficacy |:> PRECLINICAL CANDIDATE (AND BACKUPS)

37



Challenges for SMEs in AMR R&D

Funding

No/minimal revenue and lack of early-stage VC
investment

Reliant on non-dilutive and in-kind funding
Delays waiting for grant decisions

Spend more time raising money than on programs

Risk

Portfolio size and risk management

Portfolio = lower risk, but more expensive and
difficult to fund all

Single asset or platform = higher risk, but easier
to fund and progress

Exit routes

SMEs generally don’t do commercialisation but
look for deals with larger organisations

Broken market = Not enough major pharma
acquisitions of clinical-stage programs (some
exceptions)

Capability

Knowledge in-house vs expert consultants

DMPK, In vivo, toxicology, clinical, CMC, human
dose/PK prediction

Build that network!
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Case studies




INFEX Therapeutics

SME based at Alderley Park, UK (~20 employees)

Portfolio of infection and pandemic pathogen-
focussed programs (AMR and antivirals)

Discovery/hit findings > Phase 2 clinical POC

Microbiology and synthetic/medicinal chemistry
teams

Expert network of consultants and CROs

Non-dilutive and in-kind funding through iiCON,
CARB-X, Innovate UK, NIAID




Case study 1 — TrmD inhibitors

a G|y13:2J N . b '
Early stage hit finding program into novel A s ,

[ ]

targets in Gram-negatives; collaboration with e )V/

Lifearc XLeutss

HNN s ®
: - : . - L5 '

* TrmD identified as essential and a promising U\ﬁf ok

target h
° St ru Ct ure gu id ed d rug d esig n ¢ \“ ’ Bioorganic & Medicinal Chemistry Letters
° Evaluating the druggability of TrmD, a potential antibacterial target, s

FO u n d | n m OSt CI | n Ica | Iy | m po rta nt G ra m = through design and microbiological profiling of a series of potent
t . TrmbD inhibitors

n ega Ives Andrew J. Wilkinson™ ", Nicola Ooi ", Jonathan Finlayson®, Victoria E. Lee ", David Lyth ",
Kathryn S. Maskew *, Rebecca Newman °, David Orr”, Keith Ansell , Kristian Birchall b
Peter Canning ", Peter Coombs ", Lucia Fusani ", Ed Mclver ", Jodo Pisco ", Philip M. Ireland
Christopher Jenkins °, Isobel H. Norville °, Stephanie J. Southern‘, Richard Cowan ",

Gareth Hall , Catherine Kettleborough °, Victoria J. Savage , lan R. Cooper

41



Case study 1 — TrmD inhibitors

I (pg/mL)° easured . . . . .

Co e Lo * Extensive effort into optimising enzyme

BT mmes we e potency, alongside antibacterial activity
(4 e/ and cytotoxicity assays

Control Antibiotics

Erythromycin ~ ND° 4 8 0.5 ND*° . . .
* Despite highly potent compounds being
Nicotinamide Series H 1Fi 1 H
Nicod oo o2t o102 1o generated, no significant antibacterial
21 0.011 1024 ~1024 ~1024 1.4 i
) 5> 0.027 512 512 256 3.0 aCtIVIty was observed
‘ 23 0.009 256 =1024  =1024 ND®
24 0.05 =1024 1024 1024 1.6
® o el clozd oo 10 * Target essentiality? Target druggability?
Azaindole Series
33 0.31 =1024 1024 1024 1.4
A * Findings published and program
36 0.036 =512 =512 =1024 0.2 H
) 7 o013 D terminated
38 0.038 =1024 =512 =512 2.7
39 0.096 1024 =1024 =1024 ND*
40 0.12 =512 =1024 =1024 ND®

42



Case study 2 — MBL inhibitors

Journal of
* Early-stage program developing hits as e it S it

metallo-B-lactamase inhibitors

Restoring carbapenem efficacy: a novel carbapenem companion

* Inhibitor to be used alongside B-lactams targeting metallo-§ lactamases in carbapenem-resistant
. . . Nicola Ooi’, Victoria E. Lee (® * Nuﬂmn Chulum Judge Rebe:ca Newman’, Andrwa Wilkinson®, Ian R. Cooper®,
* Several leads were identified and profiled povid o Slly es” and icorio s Savoge

Table 1. Susceptibility of MEL-producing Enterobacterales ta meropenem in cormbination with investigational MBLLs

MIC (L)

E. coli K. prieurnonioe K. prieurnonioe K. prrewmonice K. prreurmaonioe E. call ATCC

ATCC BAA-2451 E. cali NCTC ATCC BAA-Z146 MCTC 13440 MCTC 13443 MCTC 13439 BAA-Z4G1
Compaund(s) (MDM-1) 13476 (IMP) [MDM-1] (VIM-1} [NDM-1] WIM-1} (MDM-1)
212 =128 »128 »128 »128 »128 =128 =128
276 =128 »128 »128 »128 »128 =128 =128
64 >128 =128 =128 =128 =128 =128 >128
435 =128 »128 »128 »128 »128 =128 =128
MEM 1 & 32 1 128 0.5 &
MEM/272 0.03 (32) 0.03 (128} D.25(128) 0.06 (16) 4(32) 0.06 (8) 0.06 (54)
MEM/276 0.06 (16) 0.03 (128} 0.5 (64) 0.06 (16) 16 (8) 0.06 (8) 0.06 (54)
MEM/ 364 0.06 (16) 0.03 (128} 2(16) 0.06 (16) B{1&) 012 (4) 012 (32)
MEM/439 0.06 (16) 0.06 (B4) 2(16) 0,25 (4) 16 (8) 0.25(2) 0.06 (54)
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Case study 2 — MBL inhibitors

Additional optimisation to improve

o Meropenem Meropenem
10% 5 50 ma/kg 250 ma/kg

G i E i solubility

S 10 =5 E E

B Rt ; 5 * Preclinical candidate selected — MET-X
& 104 ° O :

= DL saeieem

c 10 Pt et qi.:_&; esa * CTA/IND-enabling phase completed

E 1071 * Phase 1 studies imminent for

g ; : ; combination of meropenem and MET-X

44




Final thoughts....

* SMEs do the majority of preclinical innovation in AMR R&D

* There are numerous challenges for SMEs in developing AMR-focussed therapeutics

* Funding, exit routes, management of risk and building a robust network of experts

CONFIDENTIAL 45



Final thoughts....

* SMEs do the majority of preclinical innovation in AMR R&D

* There are numerous challenges for SMEs in developing AMR-focussed therapeutics
* Funding, exit routes, management of risk and building a robust network of experts

* However!!

* With a good team, innovative programs, flexible thinking and an enormous dose of
optimism, these challenges can be overcome

CONFIDENTIAL 46
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Upcoming webinars

Register now!

In collaboration with: ’ AI\/IR

CXESERAER A Vivli Initiative
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Be the first to hear the latest REVIVE updates

» On the REVIVE website (revive.gardp.org/webinars)
» Subscribe to our newsletter
» On X (@gardp_amr) and LinkedIn
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