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Image globale des problemes
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Les menaces « OMS » (2019)

(hormis tuberculose)

France
Hopital/soins de suite « ville »
Priorité « critique »
Acinetobacter penem-R Faible mais T rare
Pseudomonas penem-R = 20-30% rare
Enterobacteries penem-R = 30% rare
C3G-R = 20-30% 10-20%

Priorité élevée
E.Faecium vanco-R
S.aureus vanco-R
Helicobacter pylori Clarithro-R
Campylobacter sp fluoroQ-R T
Salmonella sp fluoroQ-R
Gono C3G-R/fluoroQ-R

- >

Priorité « moyenne »

Pneumocoque SDP
H.Influenzae ampi-R
Shigella sp fg-R

2020 Antibacterial agents in clinical and preclinical development: an overview and analysis



Vue globale du potentiel actuel (antibiotique)
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Ursula Theuretzbacher, Kevin Outterson, Aleks Engel and Anders Karlén
The global preclinical antibacterial pipeline

NaTuRe RevleWS | MicrObiOlOgy volume 18 | May 2020
https://doi.org/10.1038/ s41579-019-0288-0




Vue globale du potentiel actuel (antibiotique)
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407 preclinical antibiotic projects from

314 institutions (81% small and medium-sized enterprises)
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Ursula Theuretzbacher, Kevin Outterson, Aleks Engel and Anders Karlén
The global preclinical antibacterial pipeline

NaTuRe RevleWS | MicrObiOlOgy volume 18 | May 2020
https://doi.org/10.1038/ s41579-019-0288-0



Polymyxins




Old targets Unclear New targets
19% 72%

LpxC inhibitors

Polymyxins

Natural products

Antimicrobial
peptides

Targeting new ribosomal binding sites,
membrane and cell wall, transcription
and translation, gene interference,

metabolism and so on

Infection with Gram-negative bacteria

Infection with Gram-positive bacteria

Cystic fibrosis

Clostridioides difficile infection
[ Parenteral

[ ] Intravenous and oral

] Oral
[ Local

Urinary tract infection

Hospital-acquired/ventilator-
associated pneumonia

Tuberculosis

Implant-associated infection B Inhalation
Respiratory tract infection [] Topical skin
Other [] Undefined
Undefined
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Petit rappel « découverte »

Basic Preclinical
Research Discovery review Clinical Approval
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Lead

optimization
Phase 1
Phase 2
Phase 3

Hit to lead
Preclinical
candidate
CTA/IND-
enabling studies
NDA filing



Des idées — beaucoup d’échecs

IND

NDA/BLA
® “Valley of Death” J
o %0
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Probability of success
Time

$100 - 130M $70-100M $130 - 160M $190-220M Cost

Source: Payne DJ, Gwynn MN, Holmes DJ, Pompliano DL. Drugs for bad bugs: confronting the challenges of antibacterial
discovery. Nat Rev Drug Discov. 2007;6(1):29-40; Czaplewski L, Bax R, Clokie M, Dawson M, Fairhead H, Fischetti
VA, et al. Alternatives to antibiotics-a pipeline portfolio review. Lancet Infect Dis. 2016;16(2):239-51.



Number of antibiotic classes

discovered or patented

Pas (peu) de nouvelles classes d’antibiotiques

No new approved
classes of antibiotics
have been discovered

since 1962 for the most
dangerous types of
of bacteria:
Gram-negatives

YEAR GAP

Nearly every antibiotic
in use today is based on
> a discovery made more

than 33 years ago
(daptomycin in 1984)

No new classes at
all discovered
after 1984.

YEAR GAP

1
o o

0 0 0 O For Gram-negatives

(quinolones in 1962)
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2017

*This chart excludes bedaquiline, which is the first drug in a new class to treat tuberculosis.
Source: Pew Charitable Trusts; Deak D, Powers JH, Outterson K, Kesselheim AS. Progress in the Fight Against Multidrug Resistant Bacteria?:
A Review of FDA Approved Antibiotics 2010-2015. ANNALS OF INTERNAL MED. 2016 MAY 31. DOI: 10.7326/M16-0291.



Situation actuelle des développements cliniques
(phase 1, 2 ou 3)
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Qui inventent ?
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Effort « antibiotique » - quels pays ?
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a Allinstitutions

Total 314 institutions

Small and medium-sized
enterprises (=<1,000 employees)

81%

Academic institutions

Large companies
(=1,000 employees)

Non-profit institutions

Public—private partnership

b Small and medium-sized enterprises
Netherlands: 5 Denmark: 7

USA: 136 Canada: 7 Switzerland: 10

UK: 27 =
“ France: 12 ——+

S
< e
= Ny
A I
India: 8

Ursula Theuretzbacher, Kevin Outterson, Aleks Engel and Anders Karlén

The global preclinical antibacterial pipeline Other countries: 43
NaTuRe RevleWS | MicrObiOlOgy volume 18 | May 2020

https://doi.org/10.1038/ s41579-019-0288-0



Il y a des investissements « risqués »

Table 2. Distribution of programmes by mode of action and preclinical development stage

Mode of action Total (%) i i
PCC CTA/IND

Cell wall synthesis 50 (19.8) 12 22 16
Cell membrane 36(14.3) 13 19 4
DNA replication 8(3.2) 3 4 1
Protein synthesis 21(8.3) 12 7 2
Cell metabolism 18(7.2) 8 8 2
Immunomodulation 11(4.4) 5 4 2
Bacteriophage 28 (11.1) 10 17 1
Other 47 (18.7) 26 15 6
Not disclosed 33(13.1) 19 12 2

Total 252 (100)

LO: lead optimization; PCC: preclinical candidate; IND: IND enabling studies



Table 2. Antibiotics thhat are being developed against WHO priority pathogens

Name
(synonym)

Antibiotic class

Route of
administration

(developer)

Expected activity against
pPriority pathogens

Lascufloxacin
Cefiderocol'2
Sulopenem,
Sulopenem cetzadroxil/
probenecid

Durlobactam (ETX-2514) +
sulbactam

Taniborbactam (VNRX-5133) +
cefepime

Enmetazobactam (AAI-101) =
cefepime

Zoliflodacin
Gepotidacin
Levonadifloxacin

Alalevonadifloxacin

Cefilavancin
(TD-1792)

Solithromycin
Contezolid
Contezolid acefosamil

Afabicin
(Debio-1450)

BOS-228 (LYS-228)
Nafithromycin
(WwCK-4873)>
TNP-2092

Benapenem

Zidebactam + cefepime

Nacubactam + meropenem

ETX0282 + cefpodoxime

VNRX-7145 + ceftibuten

SPR-741 + B-lactam

SPR-20&

KBP-7072

TP-271

TP-5076&

EBL-10021 (apramycin’

AlIC-499 +
unknown BLI

TNP-2198

TXA-70<9
BCM-O184

ARX-1796 (oral avibactam
prodrug)

NDACT

NDAZ
MAA=

= 2

Fluoroquinolone

Siderophore cephalosporin

Penem

DEO-BLI/PEBP2 binder +
B-lactam-BLI/PBP1,2 binder

Boronate-BLI + cephalosporin
B-lactam BLI =+ cephalosporin
Topoisomerase inhibitor

(spiropyrimidenctrions)

Topcoisomerase inhibitor
(triazaacenaphthylene)

Fluoroquinolone
Glycopeptide-cephalosporin
conjugate

Macrolide

Oxazolidinone

Fabl inhibitor

Monobactam

Macrolide

Rifamycin-quinolizinone hybrid
Carbapenem

DEO-BLI/PEBP2 binder +
cephalosporin

DBO-BLIS/PBP2 binder +
meropenem

DEO-BLI/PEBP2 binder +
cephalosporin

Boronate-BLI + cephalosporin

Polymyxin (potentiator) +
B-lactam

Polymyxin

Tetracycline
Tetracycline
Tetracycline
Aminoglycoside
B-lactam + BLI
Rifamycin-nitroimidazole
conjugate

FtsZ inhibitor

.

DBO-BLI - o-lactam

iv & oral (Kyorin)

iv (Shionogi)

iv dterum?
oral (terum)

iv (Entasis)

iv (VenatoRx)

iv (Allecra)

oral (Entasis/GARDP

iv & oral (GSKD

v
oral (Wockhardt?

iv (Theravance/R Pharm)

iv & oral (Melinta/Fujifilm

Toyama Chemical

oral (MicuRx)
iv & oral (MicuRx)

iv & oral (Debiopharm?
iv (Boston
Pharmaceuticals)

oral (Wockhardt?

iv & oral (TenNor)

iv (Sichuan
Pharmaceutical)

iv (Wockhardt)
iv (NacuGen
Therapesutics)

oral (Entasis)

oral (VenatoRx)

iv (Spero)

iv (Spero)

oral (KBP BioSciences)
iv & oral (Tetraphase)
iv (Tetraphase)

iv (Juvabis)

iv (AIiCuris)

oral {(TenNor?

oral & iv (Taxis)
oral (Biocidium?

oral (Arixa
Pharmaceuticals)
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ET Market Approved by Antibiotic Route of Indication/s | WHOEML&

Expected activity against
priority pathogens

(trade name) authorization | (date) class administration AWaRe

holder
on s [

Delafloxacin (Baxdela) Melinta FDA (6/2017 ABSSS|, Fluoroquinolone v & oral ABSSSI, CAP AWaRe: Watch

10/2019 CAP) ) ) ) 0

MAA
Vaborbactam + meropenem  Melinta FDA (8/2017) Boronate BLI + v cUTl WHO EML &
(Vabomere) EMA(11/2018) carbapenem AWaRe: Reserve ) DI L
Plazomicin (Zemdri) Achaogen FDA (8/2018) Aminoglycoside v cUTl WHO EML & 0

AWaRe: Reserve ) ) /

Eravacycline (Xeraval Tetraphase FDA (8/2018) Tetracycline v clAl AWaRe: Reserve

EMA (9/2018) ? ) 0 /
Omadacycline (Nuzyra) Paratek FDA (10/2018) Tetracycline v & oral CAP (iv), ABSSSI  AWaRe: Reserve , , Y e

(iv, oral)

Relebactam + imipenem/ MSD FDA (7/2019) DBO-BLI + carbapenem/ v cUTI, clAl
cilastatin (Recarbriol degradation inhibitor > 7?0
Lefamulin Nabriva FDA (8/2019) Pleuromutilin v & oral CAP / / / $

Pretomanid (PA-824) TB Alliance FDA (8/2019) Nitroimidazole oral XDR B / /[ /] &



A | A | o

ESBL KPC OXA MBL
(CTX-M) | (KPC-2,-3) | (OXA-48) (NDM)

Vaborbactam + meropenem ® @ ® - - =
Relebactam + imipenem/cilastatin @ @ @ - - ?
Cefiderocol @ @ ) ® &) )
Sulopenem ] = = - = -
Durlobactam (ETX-2514) + sulbactam - = = = © =
Taniborbactam (VNRX-5133) + cefepime @ @ @ @ - ?
Enmetazobactam (AAI-101) + cefepime @ ? - - - -
BOS-288 @ ® @ ® 5 E
Zidebactam + cefepime @ (&) @ ? 2 ?
Nacubactam + meropenem =] ) ) ? = &
ETX-0282 + cefpodoxime O &) @ i = =
VNRX-7145 + ceftibuten [s2] @ @ - - -

ARX-1796 (oral avibactam prodrug) @ @ @ - = i



Existant/futur proche

vs BGN (hopital)

* Imipenem (cil)/relebactam
 Meropenem/varbobactam

e Ceftazidime/avibactam

e Ceftolozan/tazobactam

* Aztreonam/avibactam........ +7?

 Cefiderocol
* Plazomicin

e eravacycline



Existant/futur proche

vs BGN (BLSE — « ville »)

e E coli

— Oral fosfomycin versus ciprofloxacin in women with E.coli febrile urinary tract

infection, a double-blind placebo-controlled randomized controlled non-
inferiority trial (FORECAST)

— Nitrofurantoin

— Pivmecillinam
— Amox-clay,

* Klebsiella sp
— Pivmecillinan
— Finafloxacin
— sitafloxacin



Existant Japon / futur proche ?

Dans le futur:
antibiotiques oraux

* Tebipenem

* Tebipenem pivoxyl hydrobromide

e Sulopenem

solupenem etzadroxil / probenecid

Oral bombs ??



Existant/futur proche

Autres approches

* Formulations:
* Nanoparticules

e Molécules « antivirulence »
e Sortase inhibteurs vs S aureus

* Peptides
* Risin, en association
* Phages
* |Immunothérapie passive
* Passive:
— vglobuline: choc streptococcique
— Ac monoclonaux
— Prophylaxie PVAM
* Vaccin
e Staphylocoque
 Ecoli

* Streptocoque
* |nactivation enzymatique — tube digestif



Antibio « ville » Europe
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[] B-lactam antibacterials (JO1C) B Other p-lactam antibacterials (JO1D)

B Macrolides, lincosamides, streptogramins (JO1F) [] Quinolone antibacterials (JO1M)

[] Tetracyclines (JO1A) [ ] Sulphonamides and trimethoprim (JO1E)

[l Other antibacterials (JO1X) [ ] Other antibiotics (JO1B, JO1G and JO1R combined)

Bruyndonckx R
Consumption of antibiotics in the community, European Union/European Economic Area, 1997-2017

J Antimicrob Chemother 2021; 76 Suppl 2: ii7—ii13



Autres approches -1

¢ AbStentiOmyCine (dci = réflexomycine)
v'Trés active sur la prévention des résistances
v’ Facilement disponible

v'Non remboursée car évite de nombreux effets
secondaires et surco(ts



Autres approches -2

 Rabaudmycine
» Spectre lorrain et national

» Tres active sur l'organisation des
environnements hospitalo-universitaires

» Encore disponible

Non masqué partiellement masqué




Autres approches -3

L e —

* Thierry.May.cine
» Moins disponible
» Toujours active

» Tres large spectre




