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How to submit your questions

The presentation will be
followed by an interactive
Q&A session.

=

Questions

If your question is Please submit your
addressed to a specific guestions through the box
speaker, please include provided after clicking the
their name when 6guestionsd b
submitting the question. review all questions and

No questions yet

respond to as many as
possible after the
presentation.
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Alan Hennessy

Alan Hennessy has been the Discovery and Exploratory Research
Team Lead at GARDP since June 2023. Prior to this, Alan was head
of lead generation and group leader at Syngenta, UK. During this time,
several of the research projects he led successfully transitioned into
development. Metproxybicyclone is the most advanced compound
from these projects and is now in late development.

Alan also worked in anti-bacterial research for almost 10 years at
GSK, leading diverse medicinal chemistry teams. He is an inventor on
over 50 published patents including the key patent for G S K ®lsase Il
clinical candidate gepotidacin. He received his BSc and PhD from
University College Dublin, Ireland and completed his postdoctoral
research at Imperial College London, UK.
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- a medicinal chemistry viewpoint
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Antibiotic R&D
has fallen behind

Half of all antibiotics used
today were discovered over 60
years ago.

Since then, R&D has slowed,
whilst drug-resistant infections
continue to increase
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Research stages of the antibacterial journey

Discovery & Exploratory research

\ Clinical
development /

4-6 years 4-6 years

U Attrition rates are extremely high for innovative approaches @
U In 2022, 90% of pre-clinical compounds were estimated to be discontinued @

U An IND application was only submitted for 0.6% discovered compounds; this includes NCEs
discovered in academia that are undeveloped ©)

U To populate the preclinical and clinical pipelines there needs 1000s NCEs discovered and >100
projects/candidates in the preclinical phase and to ensure that sufficient enter clinical
development and eventually come to market ()

(@) Bradford (ex-AZ, Novartis and Wyeth); @ Farrell et al., J Antimicrob Chemother, 2018; ® WHO, 2019



Timeline of discovery of major antibacterial classes

KEY
Actinomycete natural products
Other bacterial natural products
Fungal natural products
Synthetic antibiotics
“Indicates that synthesis was
inspired by a natural product

Salvarsan is no
longer in clinical use

Salvarsan

1900 1910 1920

Sulfonamides

1930

Macrolides

Glycopeptides
Tuberactinomycins
Polymyxins

Nitrofurans

Pyridinamides

Aminoglycosides

Ansamycins
Lincosamides
Streptogramins

Tetracyclines Cycloserine
Amphenicols Fusidic acid
Polypeptides Cephalosporins
Bacitracin Enniatins
Penicillins Quinolones
Sulfones Azoles*
Salicylates Phenazines®
Diaminopyrimidines
Ethambutol
Thioamides
|
19 1950 1960

First synthetic
antibiotic used
clinically

First report of
antibiosis by
actinomycetes

First systematic
analysis of antibiosis
by soil bacteria

Resistance to
salvarsan

Hutchings et al., Current Opinion in Microbiology, 2019

Penicillin
discovered

Penicillin
approved for

clinical use

Streptomycin
discovered

Resistance to
sulfonamides

MRSA first
detected

Plasmid borme
resistance to
sulfonamides

1970

Phosphonates

Lipiarmycins
Diarylquinolines

Carbapenems Lipopeptides
Mupirocin Pleuromutilins
Monobactams Oxazolidinones

1980 1990 2000 2010

Last class of
clinically-used NP
antibiotic discovered

First actinomycete
genome sequenced

UN declares AMR a
“fundamental threat”




Limited innovation in modern era

Launched Antibiotics

Cell wall B-Lactams & B-lactam/
— —
inhibitors BLI combinations.
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Shi et al., Molecules, 2023 WHO, 2023 Antibacterial agents in clinical and preclinical






Starting with the desired outcome:

TPP for oral therapy of acute uncomplicated UTI (cystitis)

Minimal TPP Preferred TPP

Indication for use

Target papulation

Access and
affordability

Safety/tolerability

In vitro activity

Clinical efficacy

For [

Treatment of acute uncomplicated
community-acquired lower UTI in women
leystitis)

Adolescents and adults (women) with
suspected MDR Gram-negative pathogens

See Introduction and paragraph on Access
and affordability.

Comparable to current therapies with
B-lactams, na texicity signals in preclinical
reproduction texdcity studies.

Activity against Enterobacteriaceae
lespecially E. coli, Klebsiella and Proteus,
including ESBL producers); low cross-
resistance to known antiblotic classes inew
class/target/ mode of action), especially
lactams, fluoraquinalones, co-trimoxazole,
fosfomycin, nitrofurantoin; low propensity

Treatment of acute uncomplicated
community-acquired lower UTI cystitis)
in women with confirmed or increased
risk for multidrug-resistant (MDR)
Gram-negative (incl. ESBL-producing)
pathagens, or in nesd of an alternative
therapy to nitrofurantoin, fosfomycin or

pivmecillinam. u

Adolescents and adults twomen) with
suspected MDR Gram-negative pathogens

See Introduction and paragraph on Access
and affordability. u

Comparable to current therapies with [
lactams, no indication for taxicity signals in
preclinical reproduction toxicity studies.

Activity against Enterobacteriaceae
(especially . coli, Klebsisila and Proteus,
including ESBL producers); no cross-
resistance to known antibiotic classes (new
class/new target/new mode of action,
especially B-lactams, fluoroguinalones, co-
trimoxazole; low propensity for mutational

for ional resistance de

Mon-inferior clinical activity to current
therapies in acute infections with susceptible
pathogens: ciprofloxacin, pivmecillinam and
co-trimoxazole.

Clinical trials should include elderty patients
(> 65 years).

v: tablets/capsulesfsachet

presentation

Dose regimen

Route of
administration

Product stability and
storage

Pharmacokinetics

Drug interactions

1-3x daily, treatment duration 1-5 days

Oral

Heat stable, 1-year shelf life in hot tropic/
humid dlimate {simulated with 30°C and
5% ralative humidityl.

Pharmacchinetic data available to support

use in lower UTI (renal eliminationl, activity
inurine.

Comparable to current therapies

resistance des

Non-inferior clinical activity to current
theraples in acute infections with
susceptible pathogens: ciprofloxacin,
pivmecillinam and co-trimaxazole.
Clinical trials should include elderly
patients (> 65 years).

Suggestion: tablets/capsules fsachet u

1-2x daily, trestment duration 1-5 days

Oral

Heat stable, 3-year shelf Life in hot tropic/
humid climate (simulated with 30°C and
5% relative humidity).

Pharmacokinetic data available to support
use in lower UTI (adequate concentrations
and activity in uring, potentialty
concentrations in blaod).

Comparable to current therapies

Target product profiles for needed antibacterial agents: WHO website

Defining your optimal Target product profile (TPP)

Since many features will be unknown until much later in
development a Target Candidate Profile (TCP)
indicates the idealized profile of a future preclinical

candidate

Process builds increasing knowledge on key features of

project across multiple areas



e ™ —u =2 S
Critical group m

Medium group

Project options

U Positioning of project versus

current preclinical pipeline

U Which pathogens to focus

upon to align to TPP?

WHO bacterial priority pathogens list
WHO antibacterial preclinical pipeline review




Synthetics Natural products
*Design

(archives: diverse Al-driven !”
/focused) steps:* Sampling/ f‘ﬂ'

*mining e

Discovery Cascade

Hit discovery e

U For antibacterials, especial consideration can be given \5yh Dl/ AW
to resistance, market, dosing, safety, cost of goods, Ly W /. Jk A
activity translation.

Compound . i
collections Classic High-throughput

: *Screening
based on initial TPP
(target-based/whole-cell, V

indication-specific etc.)

u Critical to think about biology, chemistry, toxicology in
a holistic way from the outset. B i

&4 e and validation 7
(initial phys-chem, MICS, x

Al-driven v FoR, MoR etc))

steps:* &Y l
; . Advanced hit(s) :;@
*MedChem/ l & O
total synthesis Lead(s) /-_“
*Broad analoging/SAR studies

Hit-to-lead

Set clear decision criteria for progression to candidate Al-driven (multiparameter optimization,
Define a target candidate profile (TCP) Sl "’i’;‘;‘;‘,g‘c‘;{’;ﬁ,’{.";,T,‘f_,’“g *Synthetic biotechnology/

Léad optimizati large-scale fermentation
Candidate ead optimization

Lead Identification Lead Optimization (LO) lidat o i <N i
Nomination 18-
oA

Biochemistry assay & MICS0 Panels Human dose prediction ADMET and PK/PD (incl. POC!) !
Primary panel of bacteria (mouse or rat models); *Mode of action studies
. human dose predictions Development candidate(s)
Resistance development API | Drug substance (achieved TPP with DRF toxicity studies
: etc.; ready to scale up and initiate
anufacturing IND-enabling GLP studies) D

Initial safety / ADME Dose range finding: Preclinical \_/
rodent & non-rodent development

IND/CTA submission
(candidate characterization according to
ICH guidelines; seek clearance from FDA/EMA

for clinical trial initiation)
m v

Miethke et al, Nature Reviews Chemistry, 2021

Preliminary in vivo

In vivo efficacy Safety

GLP tox
DDI, ADME

QIIHII

PoC in animal Preclinical Efficacy Therapeutic margin &
& Safety Scalability

y



Phenotypic screening

High-throughput screening of small-molecules libraries
identified antibacterials against clinically relevant
multidrug-resistant A. baumannii and K. pneumoniae

Benjamin Blasco,” Snojinjnng,! Hiroki Terauchi, ™ Naoki Knbﬂyushj',“k Shuichi Suzuki™ Yuichiro Akao,™* Atsuko Ochida,™* Nao Morishita,**
Terufumi Takagi,** Hiroyuki Nagamiya,™* Yamato Suzuki™* Toshiaki Watanabe,** Hyunjung Lee” Sol Lee,” David Shum,” Ahreum Cho,”
Dahae Koh," Soonju Park,” Honggun Lee,” Kideok Kim," Henni-Karoliina Ropponen,” Renata Maria Augusto da Costa,” Steven Dunn," Sunil Ghosh,?
Peter Sj6," and Lavra J. V. Piddock™*

“Global Antibiotic Research and Development Partnership (GARDP), 15 Chemin Camille-Vidart, 1202, Geneva, Switzerland
Plnstitut Pasteur Korea, 16, Daewangpangyo-ro 712 beon-gil, Bundang-gu, Seongnam-si, Gyeonggi-do, South Korea

“Eisai Co., Ltd., Tsukuba Research Laboratories, 5-1-3 Tokodai, Tsukuba, Ibaraki, 300-2635, Japan

“Takeda Pharmaceutical Company Ltd, 261, Muraoka-Higashi 2-chome, Fujisawa, Kanagawa, 251-8555, Japan

“Daiichi Sankya Co., Ltd,, 1-2-68 Hiromachi, Shinagawa-ku, Tokyo, 140-8710, Japan

Dunn Genamics, United Kingdom

9TCG Lifesciences Private Limited, Block BN, Plot 7, Salt Lake Electronics Complex, Sector V, Kolkata, 700091, West Bengal, India
hDrugs for Neglected Diseases Initiative, 15 Chemin Camille-Vidart, 1202, Geneva, Switzerland

Blasco et al., EBioMedicine, 2024

) 4

Structure clustering, removal of known antibacterial

A baumannii NCTC13424 (XDR)
K. pneumoniae NCTC13438 (MDR)
K. pneumoniae ATCC43816 (MDS)

¢ Confirmed active compounds

scaffolds and unfavourable chemotypes Hit triage
Structure confirmed in high purity (=95%) Purchase / (re)synthesis and Quality Control
% Active primary HepG2 HepG2 CCsy = 100 UM or Sl = 5
strain(s) Red blood cells Red blood cell lysis HCsp = 100 pM

TR

¢ Confirmed hits

MDR / XDR isolates of ~ Kinetic solubility Acceptable in vitro ADME properties
active species Microsomal stability Identified potential liabilities

l

Structural novelty and high quality starting point

Attractive scope for optimisation

Medicinal chemistry tnage

|

Candidate(s) for Hit-to-Lead



Target based screens:

U Opportunities for hit finding on novel targets and optimization of existing chemotypes

active against novel targets

nature reviews clrug discovery

Unrealized targets in the discovery
of antibiotics for Gram-negative
bacterial infections

Ursula Theuretzbacher @', Benjamin Blasco®?, Maélle Duffey ®? & Laura J. V. Piddock @?

o Lavelof taac Clinical In vivo
il fMas e old Unrealized
Degree of
risk/innovation
::’r::l’:)gy Essentiality ~ foradiscovery =
Discovery Identify a new Identify a new chemical
approches to chemical class class addressing

Gradients in gene essentiality reshape antibacterial
research

Andrew M. Hogan' and Silvia T. Cardona 12/

6Quantificationd of gene es
Gene-Environment and Gene-Gene

bring chemical  binding to a new site liabilities known from
innovation not covered by an i i i
existing antibiotic cognate inhibitors
in an old target acting on target
Druggability Conservation Convert Gram- Convert Gram-positive-
across species positive-only only antibiotics of an
antibiotics of an old under-exploited
target conserved in target conserved in
positive and positive and
Resistance G gative bacteria G gative bacteria
potential into broad-sp: into broad
anitbiotics antibiotics

Theuretzbacher et al., Nat Rev Drug Discov., 2023

Under-explored N te raCtI ons
oy o Synthetic Viability and
e Conditional Essentiality Synthetic Lethality Protective Essentiality
= & Precursor O icuiscn oo :

Bring target to o] H S
next level of oap 2 0o iV
validation by (5 X : Rg’sl«g:::‘ce
chemical
validation in in & Qoermed- ;|
vivo proof-of- Ji

concept studies

Metabolic ‘ Antimicrobial
Pathway roduction

Hogen et al., FEMS Microbiology Reviews, 2022



- Examples of discovery
approaches




Marketed antibacterials of synthetic origin

Hit Identification strategy i phenotypic screening

Structure of example
Product

Product, organisation,
year of disclosure

Sulfamethoxazole, Shionogi,
1957

Target

Dihydropteroate synthetase

Structure of Hit

0
Ox Vi

HoN
“/Nfl
NH

2

Organisation, year of
disclosure

Prontosil, Bayer, 1932

Type of screen /
approach used to
discover

Testing thousands of compounds
related to azo dyes.




Marketed antibacterials of synthetic origin

Hit Identification strategy i phenotypic screening

OH

Structure of example ’@\NH

Product OleNHZ
Il
O

Product,_organlsatlon, Sulfamethoxazole, Shionogi, Moxifloxacin, Bayer, 1993

year of disclosure 1957

Target Dihydropteroate synthetase DNA gyrase, topoisomerase |V
N

HZN/ NH2
Structure of Hit AN

NH,

Organisation, year of . Nalidixic acid, Sterling-
disclosure Prontosil, Bayer, 1932 Winthrop, 1962

Type of screen / Nalidixic acid discovered as a

Testing thousands of compounds . 3
approach used to related to azo dyes. chloroquine synthetic by-

discover product.




Marketed antibacterials of synthetic origin

Hit Identification strategy i phenotypic screening

Structure of example
Product

OH

(0}

=
/ N
O, OH
PR

4
ZzZ=

N

N\

P
\_Q'/ on

0

Product, organisation,
year of disclosure

Sulfamethoxazole, Shionogi,
1957

Moxifloxacin, Bayer, 1993

Tedizolid phosphate, Dong-A Pharm,
2005

Target

Dihydropteroate synthetase

DNA gyrase, topoisomerase |V

Protein synthesis inhibitor (50S subunit)

Structure of Hit

0
Ox Vi

HzN/ \©\ NH
A

NH,

)"‘@ 1
.

Organisation, year of
disclosure

Prontosil, Bayer, 1932

Nalidixic acid, Sterling-
Winthrop, 1962

DuPont, 1978

Type of screen /
approach used to
discover

Testing thousands of compounds
related to azo dyes

Nalidixic acid discovered as a
chloroquine synthetic by-
product.

Testing racemic oxazolidinones invented by
plant disease researchers.




Beta-lactamase inhibitors

Hit Identification strategy i multiple origins

H C{\//o
Structure of example MN/_\W
Product/Lead 7 W
7~

P.rOdUCt' organisation, year of Enmetazobactam, Orchid, 2008
disclosure
Target Beta-lactamases

H

i 0 OH
Structure of Hit J;DJ

—~OH
o7

Organisation, year of

. Clavulanic acid, Beecham, 1974,
disclosure

Natural product isolation and
Type of screen /approach testing (Streptomyces

used to discover clavuligerus)




Beta-lactamase inhibitors

Hit Identification strategy i multiple origins

Structure of example
Product/Lead

0
t:\\//o

N ) N\N//N\
o
o-
2

Product, organisation, year of

disclosure

Enmetazobactam, Orchid, 2008

QPX7728, Qpex, 2020

Target

Beta-lactamases

Serine and metallo-beta-lactamase inhibitor

Structure of Hit

2008

o
OH
o7

HO

\

/ :: >
HO

Organisation, year of
disclosure

Clavulanic acid, Beecham, 1974,

University of Oxford,1978

Type of screen /approach
used to discover

Natural product isolation and
testing (Streptomyces
clavuligerus)

Basic biochemical research i UK and
Hungary.




Beta-lactamase inhibitors

Hit Identification strategy i multiple origins

Structure of example
Product/Lead

0
t:\\//o

N ) N\N//N\
o
o-
2

\lN N—N
HNT N
I
0
N Il _o
7 o

Product, organisation, year of
disclosure

Enmetazobactam, Orchid, 2008

QPX7728, Qpex, 2020

ETX0462, Entasis, 2021

Target

Beta-lactamases

Serine and metallo-beta-lactamase inhibitor

PBP2

Structure of Hit

HO

\

/ :: >
HO

Organisation, year of
disclosure

Clavulanic acid, Beecham, 1974,

University of Oxford,1978

Hoechst Marion Roussel (HMR),
1990s

Type of screen /approach
used to discover

Natural product isolation and
testing (Streptomyces
clavuligerus)

Basic biochemical research i UK and

Hungary.

Researchers proposed that DBOs
might act to acylate nucleophilic
enzymes in a manner analogous to
b-lactams.




Hits to Products

Take-home messages

0 Multiple hit finding strategies have been successful in finding initial hits that eventually
result in a product(s).

U The organization that finds the hit is not always the one that develops the product.

U Similarity of original hit to product is variable but thousands of compounds are designed,
synthesized, tested and analyzed in iterative cycles to develop candidates from initial hits.

U There is high attrition in such projects i only showing successful outcomes!



Leads against novel targets

From phenotypic screening of synthetic compounds

Structure of Lead

Organisation, year of Astra-Zeneca, 2014
disclosure (Zoliflodacin)
Target Gyrase and TopolV

Structure of Hit

Organisation, year of

. Pharmacia, 2008
disclosure

Type of screen /
approach used to
discover

High-throughput MIC screens of
the (~250,000 compounds)




Leads against novel targets

From phenotypic screening of synthetic compounds

Structure of Lead

Organisation, year of
disclosure

Astra-Zeneca, 2014
(zoliflodacin)

Achaogen, 2018

Target

Gyrase and TopolV

Biotin Carboxylase

Structure of Hit

Br

HoN N N NH,

Organisation, year of
disclosure

Pharmacia, 2008

Pfizer, 2009

Type of screen /
approach used to
discover

High-throughput MIC screens of
the (~250,000 compounds)

High-throughput screen of a membrane-
compromised, efflux pump-deficient strain
of E. coli




Leads against novel targets

From phenotypic screening of synthetic compounds

Structure of Lead

Organisation, year of
disclosure

Astra-Zeneca, 2014
(zoliflodacin)

Achaogen, 2018

Uppsala University, 2024

Target

Gyrase and TopolV

Biotin Carboxylase

LpxH

Structure of Hit

Br

HoN N N NH,

Organisation, year of
disclosure

Pharmacia, 2008

Pfizer, 2009

Astra-Zeneca 2015, Uppsala University,
2024

Type of screen /
approach used to
discover

High-throughput MIC screens of
the (~250,000 compounds)

High-throughput screen of a membrane-
compromised, efflux pump-deficient strain
of E. coli

Merging screening hits from a TolC-E. coli
screen and reporter-based screen




Leads against novel targets

From target-based screening of synthetic compounds

Structure of Lead L Niw F
== O \<a*°é :

Organisation, year

. Duke University, 2023
of disclosure y

Target LpxC

Structure of Hit @—(NJ/LH/
O

Organisation, year

. Merck, 1996
of disclosure
Type of screen / Measuring LPS synthesis by monitoring
approach used to incorporation of radiolabeled galactose

discover into a galE Salmonella mutant




Leads against novel targets

From target-based screening of synthetic compounds

Structure of Lead

Organisation, year
of disclosure

Duke University, 2023

Debiopharm, Uni of lllinois, 2021/2022

Target LpxC Fabl
o]
Q N/
. N _OH ~ N o

Structure of Hit ) N W o

AN N //

O H
o

Organisation, year Merck, 1996 GSK, 2001

of disclosure

Type of screen /
approach used to
discover

Measuring LPS synthesis by monitoring
incorporation of radiolabeled galactose
into a galE Salmonella mutant

HTS campaigns with SmithKline Beecham
compound collection (260,000+
compounds) - S. aureus Fabl.




Leads against novel targets

From target-based screening of synthetic compounds

Structure of Lead

cl
cl Q

Organisation, year
of disclosure

Duke University, 2023

Debiopharm, Uni of lllinois, 2021/2022

Astra-Zeneca, 2014

Target LpxC Fabl GyrB i A-Z fragment
(o]
(e} N/ o]
Structure of Hit <:> (NJ/kN/oH Cﬁ/\T 0 p—/{
ructure of Hi Y N N o v %
o N N / H _\
o—
Org ELLEEILEL, el Merck, 1996 GSK, 2001 Astra-Zeneca, 2012

of disclosure

Type of screen /
approach used to
discover

Measuring LPS synthesis by monitoring
incorporation of radiolabeled galactose
into a galE Salmonella mutant

HTS campaigns with SmithKline Beecham
compound collection (260,000+
compounds) - S. aureus Fabl.

Fragment-based approach targeting the ATP
binding site of bacterial type Il
topoisomerases i related to clorobiocin




Leads against novel targets

From phenotypic screening of natural products

Structure of Lead /@A)H /\)LNMNNHQ
// 0" Nat ©

Organisation, year of

. Bayer, 2006
disclosure 4

Target Acetyl-CoA carboxylase

Structure of Hit N A/TL I/E\?H
Sy erooR

Organisation, year of | Andrimid, Suntory institute and

disclosure others, 1987
Type of screen / Isolated from of an intracellular
approach used to symbiont (Enterobacter) present in the

discover eggs of the brown planthopper




Leads against novel targets

From phenotypic screening of natural products

Structure of Lead

@ /
o X o
I
>y
O_Na' ()
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Acetyl-CoA carboxylase
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Andrimid, Suntory institute and
others, 1987

Arylomycin A-C16, University of Tubingen,
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Type of screen /
approach used to
discover

Isolated from of an intracellular
symbiont (Enterobacter) present in the
eggs of the brown planthopper

Detected in the extracts of Streptomyces
strain from Ghana, then isolated and tested
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From phenotypic screening of natural products

oI\,
o X o
Structure of Lead /@)(N &Ni);éwm .
H H O_Na'o : Hn 1
NH,
Organisation, year of Bayer, 2006 GO0775, Genentech, 2018 HIPS, 2023

disclosure

Target

Acetyl-CoA carboxylase

LepB (Type | signal peptidase)

BamA (outer membrane protein)

Structure of Hit

o
0 © I NH
WA)L 0
o

N ",
o

Iz

H
o © OH
H o o
: l n\)L
NH, HN o
o NH2 Sy oH
H,N. o i

Organisation, year of
disclosure

Andrimid, Suntory institute and
others, 1987

Arylomycin A-C16, University of Tubingen,
2002

Darobactin, Northeastern University and
others, 2019

Type of screen /
approach used to
discover

Isolated from of an intracellular
symbiont (Enterobacter) present in the
eggs of the brown planthopper

Detected in the extracts of Streptomyces
strain from Ghana, then isolated and tested

Screening Photorhabdus isolates (nematode
symbionts)




Hits to Leads for novel targets

Take-home messages

U Similar hit-finding strategies continue to deliver innovative starting points.

U Opportunities to optimize phenotypic screening of both synthetics and natural products as
well as target-based screening.

U Need to increase these efforts substantially to refill pipeline

U Can this be done more efficiently than in the past?



Selected recent trends In
antibacterial discovery




Physical property understanding

0 Advances in understanding and measuring U Conversion of Gram-positive-only compounds
accumulation and then formalizing strategies to into broad-spectrum antibiotics by applying the
enhance it in Gram-negative bacteria have been eNTRY rules:
transformational.

No primary amine Primary amine
Gram-positive Gram-negative
bacteria bacteria ﬂfmv
_— 6DNM 6DNM-| NHJ
i . RB=0 RB=1
Glob=nﬂ4 Glob = 0.09
Gram-positive only Broad-spectrum
D;:rx —> @ﬁrm
Penicillin G Ampicillin
RB=4 RB=4
Glob =0.17 Glob =0.12
Gram-positive-only Broad-spectrum

eNTRY Rules on
Nitrogen (1° > 2° > 3° amine) "
Three-dimensionality (GlobO 0. 2 5) v &
B| g i d it y ( RB () 5 ) Pleur;g:tgm c1 Pleuromu;gn=d1e;1vative66
Glob = 0.37 Glob =0.41

Gram-positive only Broad-spectrum RB = rota_table bonds
Richter et al., Ann N Y Acad Sci., 2019 Glob = globularity



Synthetic compounds with natural product features g

Article
A novelantibiotic class targeting the i Libraries of unconventional small
lipopolysaccharide transporter molecules (macrocycles, peptides...)

enable identification of interesting new
. aiistaButmor Jan Micha A Aesandos Aline®’ Kure . vt Ve b’ antibacterial clinical candidates i

Christoph Bieniossek', Caterina Bissantz®, Franziska Boess®, Carina Cantrill*,
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Al/ML for discovery

Examples of utilization for both hit finding and Al generative chemistry

for optimization of hits

nature chemical biology

Deep learning-guided discovery of
anantibiotic targeting Acinetobacter
baumannii

‘GaryLiu"™, Denise B. C: : 0
‘Wengang Jin®, Jody C. Mohammed', Anush Chiappinc-Pepe®*4, Saad A. Syed®,
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Cell

Discovery of antimicrobial peptides in the global

microbiome with machine learning

Authors

Célio Dias Santos-Junior,
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Jaime Huerta-Cepas,
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Luis Pedro Coelho
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Non-traditional approaches

Non-traditional antibacterials in the clinical pipeline
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Antivirulence agents, 3

44%

Bacteriophage and
phage-derived enzymes, 13

2023 Antibacterial agents in clinical and preclinical development: an overview and analysis (who.int)



https://www.who.int/publications/i/item/9789240094000

Conclusion:

There is a critical need for innovative antibacterial products but also a well documented lack
of such options in the pipeline.

Recent products and leads show a diversity in their initial discovery approach but all required
extensive optimization of chemistry, microbiology and toxicology.

Early discovery continues to provide new options but this process needs to be accelerated,
and these later assets need to be carefully nurtured.
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Overview

Alntroduction to Phase d3 trials for novel antibiotics

AAntibiotic-specific challenges
AMethodology considerations
ARegulatory / approval issues



Introduction to Phasecl3
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https://www.sciencedirect.com/journal/jacc-basic-to-translational-science

AOpen label, single/fewentres quick
APharmacodynamics
ABiological and physiological effects on humans, mechanisms of action

APharmacokinetics
AHalf life, plasma concentration

ADoseEscalation Study Design
AReceive increasing dose until a maximum tolerated dose is identified

AEarly signals of efficacy
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A Phase 1, Randomized, Single-Ascending-Dose Study To
Investigate the Safety, Tolerability, and Pharmacokinetics of
DSTA4637S, an Anti-Staphylococcus aureus Thiomab
Antibody-Antibiotic Conjugate, in Healthy Volunteers

Melicent Peck,® Michael E. Rothenberg,® Rong Deng,? Nicholas Lewin-Koh,? Gachong She,* Amrita V. Kamath,®
Montserrat Carrasco-Triguero,® Ola Saad,® Aide Castro,* Lisa Teufel,®* Daniel S. Dickerson,® Marisa Leonardelli,”

Jorge A. Tavel®

2Genentech, Inc, South San Francisco, California, USA
BPRA Health Sciences, Lenexa, Kansas, USA

ABSTRACT Staphylococcus aureus causes serious bacterial infections with high mor-
bidity and mortality, necessitating the discovery of new antibiotics. DSTA4637S is a
novel antibody-antibiotic conjugate designed to target intracellular S. aureus that is
not adequately eliminated by current standard-of-care antibiotics. DSTA4637S is com-
posed of an anti-S. aureus Thiomab human immunoglobulin G1 (IgG1) monoclonal anti-
body linked to a novel rifamycin-class antibiotic (4-dimethylaminopiperidino-hydro-
xybenzoxazino rifamycin [dmDNA31]) via a protease-cleavable linker. Phagocytic cells
ingest DSTA46375-bound S. aureus, and intracellular cathepsins cleave the linker, releas-
ing dmDNA31and killing intracellular S. aureus. This first-in-human, randomized, double-
blind, placebo-controlled, single-ascending-dose phase 1 trial analyzed the
pharmacokinetics, and immunogenicity of DSTA4637S in healthy volunteers. ihiity
healthy male and female volunteers, 18 -65 years old, were randomized into five co-
horts receiving single intravenous (i.v.) doses of 5, 15, 50, 100, and 150 mg/kg of
DSTA4637S or placebo (4 active:2 placebo). Subjects were followed for 85 days after
dosing. No subject withdrew from the study, and no serious or severe adverse
events occurred. One moderate infusion-related reaction (150 mg/kg DSTA4637S) oc-
curred. No clinically meaningful or dose-related changes in laboratory parameters or
vital signs occurred. Pharmacokinetics of plasma DSTA4637S conjugate and serum
DSTA4637S total antibody were dose proportional. Systemic exposure of unconju-
gated dmDNA31 was low. No DSTA4637S-induced anti-drug antibody responses
were observed. DSTA4637S was generally safe and well tolerated as a single i.v. dose
in healthy volunteers. DSTA4637S has a favorable safety and pharmacokinetic profile
that supports future development as a novel therapeutic for S. aureus infections.
(This study has been registered at ClinicalTrials.gov under identifier NCT02596399.)

Citation Peck M, Rothenberg ME, Deng R,
Lewin-Koh N, She G, Kamath AV, Carrasco-
Triguero M, Saad O, Castro A, Teufel L,
Dickerson DS, Lecnardelli M, Tavel JA. 2019. A
phase 1, randomized, single-ascending-dose
study to investigate the safety, tolerability, and
pharmacokinetics of DSTA4637S, an anti-
Staphylococcus aureus Thiomab antibody-
antibietic conjugate, in healthy volunteers,
Antimicrob Agents Chemother 63:202588-18.
https:/doi.org/10.1128/AAC02588-18.

Copyright © 2019 American Society for
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Cefiderocol versus imipenem-cilastatin for the treatment of complicated urinary
tract infections caused by Gram-negative uropathogens: a phase 2, randomised,

double-blind, non-inferiority trial

Simon Portsmouth, MD &2 & - David van Veenhuyzen, MBChB 2 - Roger Echols, MD b . Mitsuaki Machida, MS € -
Juan Camilo Arjona Ferreira, MD 2 - Mari Ariyasu, BPharm - et al. Show more

Methods

We did a phase 2, multicentre, double-blind, parallel-group non-inferiority trial at 67 hospitals in 15 countries. Adults (=18 years)
admitted to hospital with a clinical diagnosis of complicated urinary tract infection with or without pyelonephritis or those with
acute uncomplicated pyelonephritis were randomly assigned (2:1) by an interactive web or voice response system to receive 1 h
intravenous infusions of cefiderocol (2 g) or imipenem-cilastatin (1 g each) three times daily, every 8 h for 7-14 days. Patients
were excluded if they had a baseline urine culture with more than two uropathogens, a fungal urinary tract infection, or
pathogens known to be carbapenem resistant. The primary endpoint was the composite of clinical and microbiological
outcomes at test of cure (ie, 7 days after treatment cessation), which was used to establish non-inferiority (15% and 20%
margins) of cefiderocol versus imipenem-cilastatin. The primary efficacy analysis was done on a modified intention-to-treat
population, which included all randomly assigned individuals who received at least one dose of study drug and had a qualifying
Gram-negative uropathogen (21 x 10° colony-forming units [CFU]/mL). Safety was assessed in all randomly assigned individuals
who received at least one dose of study drug, according to the treatment they received. This study is registered with
ClinicalTrials.gov, number NCT02321800.

Findings

Between Feb 5, 2015, and Aug 16, 2016, 452 patients were randomly assigned to cefiderocol (n=303) or imipenem-cilastatin
(n=149), of whom 448 patients (n=300 in the cefiderocol group; n=148 in the imipenem-cilastatin group) received treatment. 371
patients (n=252 patients in the cefiderocol group; n=119 patients in the imipenem-cilastatin group) had qualifying Gram-
negative uropathogen (=1 x 10° CFU/mL) and were included in the primary efficacy analysis. At test of cure, the primary efficacy
endpoint was achieved by 183 (73%) of 252 patients in the cefiderocol group and 65 (55%) of 119 patients in the imipenem-
cilastatin group, with an adjusted treatment difference of 18:58% (95% CI 8-:23-28-92; p=0-0004), establishing the non-inferiority
of cefiderocol. Cefiderocol was well tolerated. Adverse events occurred in 122 (41%) of 300 patients in the cefiderocol group and
76 (51%) of 148 patients in the imipenem-cilastatin group, with gastrointestinal disorders (ie, diarrhoea, constipation, nausea,
vomiting, and abdominal pain) the most common adverse events for both treatment groups (35 [12%)] patients in the
cefiderocol group and 27 [18%)] patients in the imipenem-cilastatin group).
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Efficacy and safety of sulbactam-durlobactam versus colistin for the

treatment of patients with serious infections caused by Acinetobacter
baumannii-calcoaceticus complex: a multicentre, randomised, active-
controlled, phase 3, non-inferiority clinical trial (ATTACK)

Methods
Prof Keith S Kaye, MD & O = (oY -V Vo [ (VA S o Vo T Al Y [ D I o o il 40l 1 =1 o MW Vo [T oV S V DI (o =TT WO [V M Y DI The ATTACK trial was done at 59 clinical sites in 16 countries. Adults

Gabrielle E Poirier, BS « Khurram Rana, PharmD « etal. Show all authors aged 18 years or older with ABC-confirmed hospital-acquired
bacterial pneumonia, ventilator-associated bacterial pneumonia,

Published: May 11,2023 « DOI: https://doi.org/10.1016/S1473-3099(23)00184-6 « ventilated pneumonia, or bloodstream infections were randomised
1:1 using a block size of four to sulbactam-durlobactam (1-0 g of
each drug in combination over 3 h every 6 h) or colistin (2-5 mg/kg

A

subactam-  Colistin, Treatment over 30 min every 12 h) for 7-14 days. All patients received

durlobactam,  n/N (%) diffe , % _— s N . " "

iy b imipenem-cilastatin (1-0 g of each drug in combination over 1 h
Primary endpoint every 6 h) as background therapy. The primary efficacy endpoint
28-day ACM: carbapenem-resistant ABC 12/63(19:0%)  20/62 (323%) —_—— -13-2 (-30.0t03:5) N L . - .
microbiologically modified ITT ° was 28-day all-cause mortality in patients with laboratory-confirmed
secondayendpoints carbapenem-resistant ABC (the carbapenem-resistant ABC
28-day ACM: carbapenem-resistant ABC 8/46 (17%) 16/44 (36%) -19(-39-1to1.2)
microbiologically evaluable microbiologically modified intention-to-treat population). Non-
28-day ACM: microbiologically modified ITT  15/76 (20%) 265/76 (33%) _ -« -13(-283t02.0) R L .
28-day ACM: 1T 19/90(21%)  28/85(3%) S 12(:260t024) inferiority was concluded if the upper bound of the 95% Cl for the
14-day ACM: carbapenem-resistant ABC 4164 (6%) 12/63 (19%) e -13(-257t00-1) . 0, .
icrabiclogealymestfa T treatment difference was less than +20%. The primary safety
14-day ACM: microbiologically modifed ITT 6/77 (8%)  15/77 (20%) — “12(:2371003) endpoint was incidence of nephrotoxicity assessed using modified

40 30 20 0 0 1 20 30 40 Risk, Injury, Failure, Loss, End-stage renal disease criteria measured
Favours sulbactam-durlobactam (%) Favours colistin (%)

by creatinine level or glomerular filtration rate through day 42. This
trial is registered at ClinicalTrials.gov, NCT03894046.

Mortality rate treatment difference (95% CI)






