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Non traditional anti-bacterial therapy
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Bacteria have also their pandemia!
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Merabishvili et al. PloS ONE 2009
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Phage therapy is fascinating

* Viral therapy for bacterial infections

* Story of phage therapy is connected to worldwide geopolicital events

* Potential incredible preclinical efficacy

* Failure to implement phage therapy in the west

S. aureus being lysed
by the Sa2 phage

Bacterial DNA WWII

appeared in green

Courtesy Pascal Maguin
Luciano Marraffini Lab



Story of phage Therapy

Creation from F. d’Herelle (dismissed from Pasteur Institute):
» Laboratoire du bactériophage (Paris)

 Eliava Center (Georgia)
* Fixed cocktails to treat digestive-tract infections

* Fixed cocktails to treat skin and soft tissue infections T. Ferry

T. Ferry

Ferry T. et al. 2020;24(1):49-56



Eliava Institute (Georgia)

100t anniversary




Eliava Institute (Georgia)




Story of phage Therapy in Lyon

Dr. Emile PESCE

* Medical thesis "Contribution to the study of the treatment of
furuncles and anthrax by bacteriophage", 1931

“Need for a microbiological analysis to
select the phage, based on its activity
on the patient’s strain”

“If microbiological analysis could not be
done, use fixed cocktail”

Archives from Ferry T.




StO ry Of ph After d’Herelle, The story continued in Lyon
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Antimicrobial resistance

Phage banking
Phage training

Meningitis
Skin and soft tissue
Bone and joint infection

Clinique des Maladies Infectieuses, Hopital de la Croix-Rousse
Hospices Civils de Lyon 1958-1960




Clinique des Maladies Infectieuses et Institut Pasteur de Lyon

Lyon Med. 1958 Mar 30;90(13):509-12




Source: H. De Montclos (Institut Pasteur Lyon) 1986

Lyon
Pasteur
Institute

Active and trained
bacteriophages

Technical development
Customisation of treatment
Academic multidisciplinary approach
70 patients/year!

Infectious

. . diseases
Isolation of the isolates o
responsible for the infection clinic




Eliava Institute (Georgia)

PYO Bacteriophage Bacteriophage (Myoviridae) targeting S. aureus
FERSIS Bacteriophage

STAPHYLOCOCCAL Bacteriophage

SES Bacteriophage

INTESTI Bacteriophage

ENKO Bacteriophage

Merabishvili et al. PloS ONE 2009
Ferry T.



Professor Andrzej Gorski




Russian Phages

1 000 000 000 boxes produced each year




2017




(omEmporany .
Previous clinical trials have not « failed »

* Most of them were phase |/lla/llb and not phase lli
* Phages are particular anti-infective agents (# antibiotics)

* Need a specific purification process

 Purified phages or phage cocktails are potentially not stable during time
* High specificity of phages

* Potential need for a phagogram (like antibiogram) before treatment

Don’t forget the lessons of the past

Respect the experience of the East
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THE MYTHOLOGY
OF PHAGE THERAPY

T. FERRY

VS.

EBM
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Trials
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A large panel of severe bacterial infections

Central nervous system infections Cardiovascular infections

Implant-associated meningitis Endocarditis
Cardiac electronic device infection
Prosthetic-valve endocarditis
Lung infections Vascular graft infection

Ventilator-associated pneumonia
Exacerbation in cystic fibrosis

Exacerbations in bronchiectasis Muskuloskeletal infections
Wound infection
Urinary tract infections Osteomyelitis, fracture-related infection

Implant-associated bone and joint infection

Pyelonepbhritis A :
y P Prosthetic joint infection

Ureteral stent-associated infection

Digestive-tract infections

Typhoid fever, shigellosis
Cholera



##{PhagoDAIR
procedure
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##{PhagoDAIR
procedure

>1 billion of active viruses infecting S. aureus in a syringe

Clinic
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Lysins: A New Class of Antibacterial Biologics

PHAGE LIFECYCLE

Infection i

Replication (lysin synthesis)
L 000000000

Lysm Ruptures ceII wall

Release of progeny ]; :

LYSIN THERAPY

Exogenously administer lysin

o0FP

l

Lysis within seconds

g

e Lysins are direct lytic agents
cloned/engineered leveraging genetic
sequences found in bacteriophage

* Novel mode of action: peptidoglycan hydrolysis
leading to osmotic lysis

* Microbiological attributes:

* Rapid, potent and targeted activity
e Eradication of biofilms

* Synergy with conventional antibiotics

* Low propensity for resistance development and no
antibiotic cross-resistance




A Lysin in Action Real Time:

Peptidoglycan Hydrolysis and Osmotic Lysis

O Concentration = 1 pg/mL Source: Ray Schuch



Exebacase (CF-301): A Novel Anti-staphylococcal Agent

A first-in-class anti-staphylococcal lysin (cell wall hydrolase)
» Key Microbiological Attributes

— Rapid, potent activity against S. aureus and coagulase-negative staphylococci (CNS) including
multidrug resistant (MDR) phenotypes and beta-haemolytic streptococci

— Eradicates staphylococcal biofilms

— Synergy with conventional antibiotics

— Low propensity for resistance development and no antibiotic cross-resistance
— Suppression of antibiotic resistance

* Clinical Development

— Completed Phase 1: Safe and well tolerated with linear pharmacokinetics

— Completed Phase 2: Superiority design study compared exebacase + standard-of-care antibiotics
(SoCA) vs SoCA alone in patients with S. aureus bacteremia including endocarditis

— Phase 3: Superiority design study comparing exebacase + SoCA vs SoCA alone in patients with S.
aureus bacteremia including right-sided endocarditis




Antimicrob Agent Chemother (2017) 61(7) e02666-16



CF-301

CF-301 is a lysin from a Streptococcus suis phage
Broader spectrum of activity: against S. aureus, but also against coagulase-negative staphylococci



J Infect Dis 2014



2020

Single IV
Injection



REDUCTION TAILLE

VEGETATION

Antimicrobial Agents and Chemotherapy 2020 Da pto myCi n + Exebacase



Antimicrobial Agents and Chemotherapy 2020 Da pto myCin + Exebacase



Enrollment in the trial was stopped following a review of the pre-specified,
interim futility analysis by the independent Data Safety Monitoring Board
(DSMB). The DSMB recommended the trial be stopped because the
conditional power of the trial was below the pre-specified threshold for futility
as per the DSMB charter. No safety concerns were noted by the DSMB.

“The unprecedented clinical response in the placebo arm of this study, which is
nearly double the response rate observed in our Phase 2 study of exebacase
and in comparable Phase 3 studies of daptomycin and fosfomycin, coupled
with the conduct of the study during the COVID pandemic, leaves us with trial
results that are uninterpretable”




Arthroscopic debridement, antibiotic and implant retention (DAIR) with
local administration of Exebacase (Lysin CF-301) (LysinDAIR) followed by
suppressive tedizolid as salvage therapy in elderly patients for relapsing
multidrug-resistant Staphylococcus epidermidis prosthetic knee infection

Conclusions: Exebacase has the potential to be used as salvage therapy during arthroscopic DAIR
in patients with relapsing MDR S. epidermidis PKI, to improve the efficacy of suppressive
antibiotics, and to avoid considerable loss of function.



Phase | (healthy volunteers)
Jun SY et al. AAC 2017

Phase lla (S. aureus bacteremia)
NCT03089697

N-Rephasin®

SAL200
containing phage
endolysin SAL-1

International Journal of Antimicrobial Agents 41 (2013) 156—161



ERAdicate S.aqureus in Patients
With Bacteremia and Endocarditis (ERASE)

An Open-Label, Multiple-Ascending Dose, Multicenter Study to Evaluate the
Safety, Tolerability, and Pharmacokinetics of LSVT-1701 (SAL200) as an Add-
on to Standard of Care Antibiotics for the Treatment of Complicated Methicillin-

Sensitive and -Resistant Staphylococcus aureus Bacteremia Including Left-
and Right-sided Infective Endocarditis

TN BIOTR
EE l“-f‘,/ | |
&) )
% A
1= =\
. le|

Y/ BIOTECHNOLOGY

ClinicalTrials.gov Identifier: NCT05329168



Referral center complex BJI

Phage therapy center

Dedicated referral activity
Significant number of patients
Relevant clinical situations

Phages from the industry
Phages from academic
Lysins from the industry

Significant level of _ _ Individual
Scientific evidence ~ Disruptive approach patient benefit



Implementation of a Phage Therapy Center in a CRIOAc

CLINICAL Clinic
CM | it O 20km
FERRY T. et al. 2022 | |
Updated
@
53 patients in Lyon since 2017
) O ~80% of the whole patients treated in France
O Visio RCP CRIOAC . B 1B
Thérapie innovante + 15 Patients - 50 with phages from ) PHERECYDES
b Treated with Lysins
¢ CF-310 (P)I) + 3 with phages from 1)
O @) : - —
S. epidermidis -
() * 42 BJI (including 34 PJI)
RCP Phagothérapie ‘ * 8 endocarditis/vascular graft/
® ¢© cardiac electronic device infection
* 3 lung infections (VAP + bacteremia,
o pneumonia in lung graft bronchectasia,
@) —cystic fibrosis exacerbation)
% Multidrug resistance O
% S. aureus ®n + 11 patients managed outside Lyon O
% P. aeruginosa including 1 in = = and 1in I]

Under the supervision of

@®OBJlI @O Endocarditis @O Pneumonia @O Burn



HCR.REFERENCE-IOA@chu-lyon.fr

National online
multidisciplinar meetings

Dedicated to innovative
anti-infective therapies




https://www.chu-lyon.fr/phagotherapie-bacteriophage




Conclusion

» Les bactériophages et les lysines de phages sont des thérapies anti-bactériennes
non traditionnelles

e La phagothérapie est une thérapie innovante et réémergente

 Indications paraissant pertinentes : infections pulmonaires, encodardites sur
prothese valvulaire, IOAc dont les infections de prothése articulaire

 En ADJUVANT a lI'antibiothérapie (et potentiellement la chirurgie)

* Modalités d’administration doivent étre personnalisées en fonction de
I’'expérience clinique, des phages a disposition et de la présentation clinique

e Création d’'une mission nationale « CRIOAc thérapie innovante »
» Pour valider les indications pertinentes de phages/lysines dans les I0A

e Pour orienter les prises en charge vers les essais thérapeutiques

e Ou enfin pour orienter et accompagner le recours a des phages en
« compassionnel » (nécessité d’'une mission nationale « RCP Phagothérapie »
pour préciser les modalités)

e Poser les jalons d’un centre national de phagothérapie

» Conception et réalisation d’essais thérapeutiques







Lyon BJI Study group

Coordinator: Tristan Ferry
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Croix-Rousse Hospital



http://www.crioac-lyon.fr
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