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Antimicrobial Resistance
Timeline

discovered

The first case of a
bacterial infection
with resistance
coused by NDM-1,
a powerful enzyme
that gives bacteria
resistance to most
antibiotics, is
discovered.

2008

antibiotic too

lC

=

E coli containing
mcr-1 discovered - a
gene resistant to
colistin, a last-line
antibiotic that,

until recently, was
considered too toxic
for human use.
Colistin-resistant
infections have now
bean detected in ot
least 30 countries.

58,000 new-born
babies in India die
os a result of drug-
resistant infections.

infections|

671,689 infections
and 874,5%1

total disability
adjusted life years
were caused by
antibiotic-resistant
bacteria in the EU
and EEA.

global action

World Health
Organisation
releases global
action plan on
antimicrobial
resistance.

R Industry
aunched
MR Industry
roadmap launched
and signed
by 13 global
pharmaceutical
companies.

33,000 annual

Number of deaths

90,000 from drug resistant
ew cases of infections up to
33,000 each year in
S
WHO estimates
there were 490,000

new cases of
multi-drug resistant
tuberculosis - only
half of which were
successfully treated.

Superbug gene
Superbug gene
bloNDM-1 that
allows bacteria to
evade “last resort”
antibiotics found

in India in 2008
discovered ina
remote region of
the Arctic. Since its
discovery in India it's
been found in more
than 100 countries.

3.4 trillion

all in GDP
The World Bank
predicts a global
annual fall in GDP
of up to S34 trillion
by 2030 as a result

of antimicrobial
resistance.

(ol @)

10 million|
deaths |
predicted |

10 million predicted
deaths globally
ottributable to

AMR -~ More than all
cancers combined.




Deaths attributable to AMR every year by 2050
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EUROPEAN&

ANTIBIOTIC
AWARENESS DAY

A EUROPEAN
HEALTH INITIATIVE

o

af

EU ANTIMICROBIAL RESISTANCE
(AMR) TARGETS BY 2030:

Reduce by 20% the total consumption of antibiotics
in humans.

At least 65% of the total consumption of antibiotics
in humans belongs to the ‘Access’ group of antibiotics.

Reduce by 15% the total incidence of bloodstream infections
with meticillin-resistant MRSA Staphylococcus aureus.

Reduce by 10% the total incidence of bloodstream infections
with third-generations cephalosporin-resistant Escherichia coli.

Reduce by 5% the total incidence of bloodstream infections
with carbapenem-resistant Klebsiella pneumoniae.




»May- Gatifloxacin opthalmic solution Nov- Ceftaroline

*May-Fidaxomicin

eDec-Raxibacumab

eJune-Telavancin

o

*April-Metronidazole vaginal gel (1.3%) May-Dalbavancin June- Tedizolid phosphate Aug-
Oritavancin
*Dec- Finafloxacin otic suspension (0.3%), Ceftolozane+Tazobactam

J

eFeb- Ceftazidime+Avibactam

eMar- Obitoxaximab )

#Oct- Bezlotoxumab )
- ~

sJun- Delfloxacin

s Aug-Meropenem+vaborbactam

#Dec-Ozenoxacin )

s Jun- Plazomicin )

*Aug- Eravacycline

*Oct-Omadacycline J

€€€ €€€E€ECECL

*Nov- Cefiderocol, Lefamulin, Recarbrio

Fig. 1: Timeline of FDA approval of antibiotics in the past 10 years




* In 2017 WHO published a list of 12 families of bacteria for
which new antibiotics are needed urgently, a list of “priority
pathogens™.

 The list was created to identify, guide, and promote the _ _.
research and development of newer antibiotics and to address /—-’
urgent healthcare needs.

* The WHO priority pathogens are classified as critical, high, =
and medium priority pathogens.



The critical priority
pathogens are:

Enterobacteriaceae
resistant to 3rd gen
cephalosporins and

carbapenems (CRE).

carbapenem-resistant
Acinetobacter baumannii
(CRAB)

In 2019, WHO identified
50 antibiotics and
combinations and 10
biologicals in clinical
development, of which
26 are active against the
WHO list of priority
pathogens.

carbapenem-resistant
Pseudomonas
aeruginosa (CRPA)

Out of the 26, only seven
were considered to be
original due to
performance of at least
one of the novelty
criteria.



AMP/AMP
mimetics
OP-145
LTX-109

brilacidin

Cephalosporins

ceftaroline

Pophyrins and metal based
complexes

XF-73
pravibismane

Rifampin-quinolizinone
conjugate

rifaquizinone

Fabiotics

nilofabicin
afabicin

’
Vancomycin-cephalosporin Lipoglycopeptides
conjugate _ )
. . oritavancin
cefilavancin dalbavancin

DOI 10.1099/mic.0.001387

Quinolones

finafloxacin
nemanoxacin
zabofloxain
delafloxacin
lascufloxacin
levanodifloxacin

Pleuromutilins

lefamulin

Tetracyclines

omadacycline
eravacycline

Macrolides

nafithromycin

tedizolid
contezolid

delpazolid

Oxazolidinones
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FAS-I

To avoid cross-resistance, new
drugs should be directed towards
unexploited targets or vital
metabolisms, e.g., ATP and fatty
acid biosynthesis.

B

two

FAS-I11

y

Fatty acid biosynthesis will be
explored.

~

%

Fatty acids are the main
constituents of bacterial and
plasmodial membranes and

metabolic intermediates.

%




FAS-I Is constituted of a unique multifunctional
protein whereas in FAS-11, several separate
enzymes co-exist, and each one catalyzes a sole
reaction.

Only FAS-I Is present in humans, while FAS-I|
Is found In bacteria, mycobacteria and P.
falciparum.



FAS-11 enzymes are attractive targets for drug development because:

V.

Fatty acids are essential to maintain the vital integrity of bacterial
membrane

FAS-1l 1s essential In the late liver stage development of P.
falciparum

The amino acid sequences of the active sites of FAS-IlI enzymes are
well conserved In microbial pathogens, allowing broad-spectrum
activity

FAS-I11 does not exist in humans, limiting side effects

The crystal structures of FAS-11 enzymes are available in the Protein
Data Bank (PDB), allowing rational design of inhibitors.
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Staphylococcus aureus

Staphylococcus aureus represents a major and recurrent challenge to clinicians
due to the combination of bacterial and host




Antibiotic A
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L This has led to an almost constant increase of resistance that today
W affects most (if not all) the major classes of clinically-approved
antibiotics, including:

Antibiotic resistance
causes 700,000 deaths
globally, every year




Staphylococcal infections are a significant global concern for
multiple reasons:

Methicillin-resistant S. aureus (MRSA) and vancomycin-
resistant S. aureus (VRSA)

Infection ranged from 30% to 60% for osteomyelitis cases and
39% to 76% for septic arthritis cases
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* Bone and joint infections (BJIs) are a group of diseases that
Include osteomyelitis, septic arthritis and prosthetic joint
Infections affecting over 30,000 people per year within the US,
UK, France, Germany, Spain and Italy combined.

« These conditions are associated with significant morbidity and
mortality in worldwide.



1 BJIs are the most difficult-to-treat bacterial
Infections and a major public health issue: high rate
of treatment failure and recurrence.

 Involving a prolonged course of antibiotics, often
with surgical intervention, due to the poor
vascularization at the site of infection.

24



ABSSSI

“»»Cellulitis, large abscesses,
erysipelas, wound infection, and bite
Infection, which excludes all other
Indications

25



Comparison of FDA guidance from 19982 and 2013.2

Prior guidance (1998)°

New guidance (2013)2

Indication/terminology

Infection type

Infection severity

Primary endpoints

Secondary endpoints

Etiology

Complicated skin and skin structure infection
(cSSSI)

Varying sized abscesses, wound, cellulitis, DFI,

chronic ulcer, burn infections
Intermediate/severe

Subjective
Defined as: clinicians’ assessment at 7-14 days
after EOT

Varied

Low potential for differentiation

Chronic and acute infection

Gram-positive and Gram-negative bacteria

Acute bacterial skin and skin structure infection
(ABSSSI)

Large abscesses, wound, cellulitis, erysipelas of at

least 75 cm? surface area
Intermediate/severe

Objective
Defined as: at least 20% reduction in lesion size
at48-72h

Primary endpoint sustained up to EOT
Clinician’s assessment at EOT

Higher potential for differentiation

Acute infection
Primarily Gram-positive bacteria; less frequently

Gram-negative bacteria

DFI, diabetic foot infection; EOT, end of therapy; FDA, US Food and Drug Administration.

26



d Use of broad-spectrum antibjotics, surgical intervention for debridement
of devitalized bone or removal of an infected prosthetic device for both
culture and successful healing.

» The disturbance of the‘commensal gut microbiota, leading to the spread
of antibiotic resistance and increased colonization by various gut
pathogens;such as Clostridioides difficile and Salmonella enterica
serovar Typhimurium.

27



The availability of these broad-spectrum antibiotics and advances in
diagnostic and surgical techniques, osteoarticular infections continue to
be associated with significant morbidity and mortality.

v" Septic arthritis is considered a medical and surgical emergency,
assoclated with a mortality rate of about 11%.

Ten to 30% of patients with septic arthritis suffer long-term decreased
joint function or mobility.



Fabiotic

r“ e “first-in-class antibiotic”

7N\ ( | N
v O | j/ |
o Hﬁw Z  Often developed to address unmet medical
. needs, such as the emergence of antibiotic-
Afabicin resistant bacteria or the lack of effective
treatments for certain infections.

P A~ * They offer a new approach to treating

o A bacterial infections and may have

" advantages over existing antibiotics, such
Nilofabicin as iImproved efficacy, reduced toxicity, and

lower risk of resistance development.
29



Afabicin (formerly Debio 1450, AFN-1720) is a first-in-class
antibiotic with a novel mode of action that specifically targets
fatty acid synthesis in Staphylococcus spp.

It is the prodrug of afabicin dephosphono, an enoyl-acyl
carrier protein reductase (Fabl) inhibitor.

A recent phase 2 trial has shown that afabicin is efficacious
and well tolerated for the treatment of ABSSSI and BlJs
caused by staphylococci

It displays an excellent penetration potential in mice and
human studies



Afabicin dephosphono exhibits selective antibacterial activity against both
coagulase-negative and -positive staphylococci, including MRSA, and can
be administered intravenously and orally.

The MIC90 against recent MRSA isolates (collected in 2015 and 2018) Is

0.008g/ml, with 99.4% of organisms being inhibited at a concentration of
0.06 g/ml.

Molecular Formula Molecular Weight
Co3H>4N:O7P 485.4 gfIT‘ID|




Afabicin dephosphono does not show cross-resistance with other

antibacterial classes typically used to treat infections caused by Gram-
positive pathogens.

o Very limited water solubility

» High permeability across the mouse intestinal wall and good distribution
In skin structures, indicating possible penetration into eukaryotic cells.

32



Mechanism of action

Outer
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Peptidoglycan o Gepotidacin | )
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Space ) cyl- ACP
Debio 1450 PIsX FASII pathway
A ¥ PIsY

PIsC
Termination
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Clinical trials
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Drugs Status Mechanism of action Study design Outcome
pr vitro MIC90 = 0.008 pg/ml
(MRSA) = 0.008 pg/m
Clinical trial (NCT02726438): A Phase 1
study to assess the effectiveness of oral  Well penetrate bone tissue with a mean
Debio 1450 in patients who underwent  ratio of plasma: synovial fluid=2.88
hip replacement surgery (n=17)
_— . i ECRR for Debio 1450 80 mg/120 mg BID
acids (FASII) pathway in study to assess the efficacy of Debio '
lacocet bacteria by 1450 orally and intravenously in 1 .
Debio 1450 Under staphylococci bacteria by ? ! ECRR for Debio 1450 160 mg/240 mg

targeting Fabl, which is an
enoyl-acyl carrier protein
(ACP) reductase

investigation

comparison with oral linezolid and
intravenous vancomycin in ABS55]
patients caused by Staphylococcus
aureus or MRSA (n=330)

BID = 90.1%

ECRR for vancomycin/ linezolid

BID=91.1%
Clinical trial (NCT03723551):
A Phase 2 study to assess the safety,
tolerability, and efficacy of Debio 1450
in the treatment of participants with NA*

bone or joint infection due to S. aureus
and to compare it to the standard of care

(n = 96) 35



Study to Assess Safety, Tolerability and Efficacy of Afabicin in The
Treatment of Participants With Bone or Joint Infection Due to
Staphylococcus

(@ You last viewed on Feb 29, 2024

‘ Debiopharm

Status and phase Sponsor o) Debiopharm International SA

ClinicalTrials.gov ID @ NCT03723551

Enrolling Phase 2

Information provided by @ Debiopharm International SA (Responsible Party)

Conditions

Bone or Joint Infection Lﬂﬁt Update PﬂStEd o 2U23‘1 2‘22

Treatments

& Drug: Standard of Care & Drug: Afabicin

Study type Funder types Identifiers
Interventional @ Industry @ NCT03723551
2017-002854-35 (EudraCT
Number)

Debio 1450-BJI-205

Details and patient eligibility

About

This is a randomized, active-controlled, open-label study to assess the safety, tolerability and efficacy of Afabicin in the
treatment of participants with bone or joint infection due to Staphylococcus aureus [both methicillin-susceptible S. aureus
(MsSA) and methicillin-resistant S. aureus (MRSA)] and/or coagulase-negative staphylococci (CoNS) and to compare it to
standard of care (SOC).

Enroliment Sex Ages Volunteers

1M estimated patients All 18+ years old No Healthy Volunteers @

36



@ AUGUSTA AU Study Recruitment

UNIVERSITY

#A Home "a Studies v = About Us v A Research

n % Contact

DEBIO: 1450-BJ1-205: Randomized Open-label Active-controlled Study to Assess the Safety, Tolerability and

Efficacy of Afabicin IV/oral in the Treatment of Patients with Bone or Joint Infection due to Staphylococcus

Clinical Trial

DEBIO: 1450-BJ1-205: Randomized Open-label Active-con-
trolled Study to Assess the Safety, Tolerability and Efficacy of
First Name Last Name Afabicin IV/oral in the Treatment of Patients with Bone or
Joint Infection due to Staphylococcus

Email Address —
This study will see how safe, effective and well-tolerated the study drug Afabicin is when given IV,
Phone Number followed by oral treatment, in patients hospitalized with bone or joint infections from staph
aureus.

Study Enrollment




Phase 1

“*In the first part, single doses of 100, 200, 300, or 400 mg of AFN-1252 were administered.
“*In the second part, subjects received 100, 200, 300 and 400 mg twice a day.

“*This study showed oral doses to be safe and well tolerated and highlighted the potential of
the drug for once or twice-a-day dosing to treat staphylococcal infections.

“* AFN-1252 was well-absorbed with C-max at 3—4 h when given once per day and 2.5-9 h
when administered twice daily.



Phase 2

“»Evaluate the efficacy and safety of 200 mg, given orally twice-a-day in the treatment of
ABSSSI.

“»*Showed that is well tolerated and highly effective in the treatment of ABSSSI caused by S.
aureus, including MRSA.

*»The overall early response rate at day 3 was 97.3%, where 82.9% of patients had a >20%
decrease In the area of erythema, and 77.9% of patients had a >20% decrease in the area of
sclerosis.

“*Microbiologic eradication rates for MRSA and MSSA were around 90% at short- and long-
term follow-ups.

“+*The main drug-related AEs reported, which were mostly mild or moderate, were headache
(26.2%) and nausea (21.4%)



v Re-design Afabicin, Afabicin-NH3 to inhibit
Gram-negative bacteria

v Parker et al, 2022, developed fabimycin
based on Afabicin dephosphono and Afabicin-
NH3 Dby extending and reducing the
tetrahydronaphthydinaminium to
hexahydropyridoazepinaminium.
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 Cytotoxic evaluations against three human cell
line (HFF-1, A549 and HepG2)

* Less cytotoxic than afabicin-NH3 but more
cytotoxic than Afabicin dephosphono

N ADH
Tyrl57 ;
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Tyrl47 . “ Q
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Tyrl57 HO_II}:O
Phe204 Tyr146 OH
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Afabicin-NH, Fabimycin
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= Nilofabicin (CG400549) is a benzyl-pyridine

 EXxhibits potent activity against MSSA and MRSA isolates

1 Effective in combating systemic S. aureus infection in a murine
model

d Overexpression of Fabl in S. aureus resulted in enhanced
resistance to Nilofabicin
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Challenges

« As afabicin i1s a relatively new compound,
there remains uncertainty around its long-term
effects and optimal dosing regimen.

* [ts narrow-spectrum activity means it must be
used carefully to prevent the emergence of
resistant strains
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How does Afabicin compare to other
antibiotics in terms of effectiveness

1. Non-interference to Vancomycin/Linezolid

2. Narrow-Spectrum Activity

3. Preservation of Gut Microbiota

44




4. Ease of Administration

5. Unigque Mechanism of Action

6. Clinical Success Rates




Comparison Between Afabicin
and Vancomycin

1. Efficacy
2. Mechanism of Action

3. Spectrum of Activity

46



4. Safety Profile

Vancomycin

Gram-Pos. organisms: Includes MRSA,

MOST

COMMON USE S epidermidis, Enterococci, C. difficile.

BACTERIAL Inhibits peBtidoglycan synthesis via

RESISTANCE binding to D-ala-D-ala in Gram-Pos. bacteria.
Resistance when modified to D-ala-D-Lac.

ADVERSE Red Man Syndrome (Histamine release) /

EFFECTS Neprhotoxicity () Sy
Ototoxicity f‘ ‘w

Thrombophlebitis @

47






Conclusion

7 This systemis constituted of
potential targets: one transacylase

(FabD), three condensing enzymes
(FabB, FabF and FabH), one ketoacyl
reductase (FabG), two dehydratases
(FabA and FabZ) and four enoyl
reductases (Fabl, FabK, FabL and
FabV).

49



Despite expanded efforts, only two
FAS-11 enzyme inhibitors (both of
Fabl), afabicin dephosphono and
CG400549, are in the clinical
pipeline to treat S. aureus
Infections.

Many inhibitors display broad-
spectrum activities, and some of
them are active against strains
which are resistant to current ATBs
with cytotoxicity.

For now, Fabl inhibitors are
selective for bacteria possessing
exclusively Fabl as enoyl-ACP
reductase,which could be
Interesting to limit side effects, but
It also reduces their spectrum of
activity

At present, afabicin and its
derivative fabimycin appear to be
the most promising AMR
candidates
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 There are two principal classes of fatty acid synthases.

 Type | systems utilise a single large, multifunctional polypeptide and are
common to both animals and fungi (although the structural arrangement of
fungal and animal syntheses differ). A Type | fatty acid synthase system is also
found in the CMN group of bacteria (corynebacteria, mycobacteria,
and nocardia). In these bacteria, the FAS | system produces palmitic acid, and
cooEerates with the FAS Il system to produce a greater diversity of lipid

 Type Il 1s found In archaea, bacteria and plant plastids, and is characterized by
the use of separate, monofunctional enzymes for fatty acid synthesis.
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* The mechanism of FAS | and FAS Il elongation and reduction is the same, as
the domains of the FAS Il enzymes are largely homologous to their domain
counterparts in FAS | multienzyme polypeptides.

* However, the differences in the organization of the enzymes - integrated In
FAS I, discrete In FAS 1l - gives rise to many important biochemical
differences.
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