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Bacteria have also their pandemia!
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Phage therapy is fascinating

» Viral therapy for bacterial infections S RRRRRRRRRE

* Story of phage therapy is connected to worldwide geopolicital events

* Potential incredible preclinical efficacy Thanks to PENICILLIN

* Failure to implement phage therapy in the west

THE ORIGINAL
BACTERIOPHAGES
prepared by
Lab ire du B iophage, Paris
(under the scientific direction of Profesor d'Herelle)
are now available in the following forms:

BACTE-PYO-PHAGE
BACTE-STAPHY-PHAGE
BACTEINTESTLPHAGE
BACTE-COLI-PHAGE

S. aureus being lysed
by the Sa2 phage

Bacterial DNA

appeared in green

'AMA The Journal of the
American Medical Association

Courtesy Pascal Maguin
Luciano Marraffini Lab

THE ROCKEFELLER UNIVERSITY

ANGLO-FRENCH DRUG CO.

(US.A.) Ine.
1270 BROADWAY NEW YORK, N. Y.




Lompmporany .
Previous clinical trials have not « failed »

* Most of them were phase I/11a/llb and not phase Il A RADE

* Phages are particular anti-infective agents (# antibiotics) e
* 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

1B

Don’t forget the lessons of the past s b

Respect the experience of the East
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REVIEW ARTICLE
Recent progress toward the implementation of phage
therapy in Western medicine

Jean-Paul Pirnay', Tristan Ferry>>' and Grégory Resch®*1

INTERNATIONAL COLLABORATIONS | L
NATIONAL PHAGE THERAPY REFERENCE CENTER ysins
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Développement de la phagothérapie a Lyon

PHAG EmLYON

PHAGExLYON PHAGExLYON

F. Laurent T. Ferry
P HAG N E - Développement clinique
‘/9\ ;Ségé%;:sg%mmm RCP CRIOAc Thérapies innovantes
€T DE LINNOVATION RCP Phagothérapie
Validation des indications
Recherche et développement Prise en charge des patients
Production de phages publiques Etudes de cohortes

Développement du phagogramme Essais thérapeutiques



Infections ostéoarticulaires ?
Autres indications ?
Infections en réanimation ?
Infections pulmonaires ?
Infections cardiovasculaires ?
Infections en réanimation ?
Pédiatrie ?

Se limiter aux infections a BMR ?



A large panel of severe bacterial infections

Some positive signhals
in these infections

III

The patient is his “own contro
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A large panel of severe bacterial infections Q

Central nervous system infections ) 5 Cardiovascular infections
Implant-associated meningitis Endocarditis
& Cardiac electronic device infection
| Prosthetic-valve endocarditis
Lung infections Vascular graft infection
Ventilator-associated pneumonia 1A
Exacerbation in cystic fibrosis | 7 '
Exacerbations in bronchiectasis ‘ Muskuloskeletal infections
"%, Wound infection
Urinary tract infections | Osteomyelitis, fracture-related infection
Pyelonephritis Implant-associated bone and joint infection
Ureteral stent-associated infection Prosthetic joint infection

Digestive-tract infections

Typhoid fever, shigellosis
Cholera



Phages have antibiofilm activity
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C. Kolenda et al. Antimicrob Agents Chemother 2019
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Phages have antibiofilm activity
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Antibiotic + Phages
Antibiofilm activity!
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C. Kolenda et al. Antimicrob Agents Chemother 2019

Synergistic activity f i
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Review

Past and Future of Phage Therapy and Phage-Derived Proteins

Frédéric
on behalf

REVIEW ARTICLE OPEN @ ACCESS

Medical innovations to maintain the function in patients

with chronic PJI for whom explantation is not desirable:

a pathophysiology-, multidisciplinary-, and experience-based
approach Virologie

Tristan Ferry'***” Cécile Batailler**", Sophie Brosset>*°, Camille Kolenda**"*’,

Sylvain Goutelle*>: 89 , Elliot Sappey- Marlnler2 >3 Jérome Josse2 347 Frédéric Laurent
Sébastien Lustig®> On Behalf of the Lyon BJI Study Group,?

infection ostéoarticulaire : historique, fondements,
faisabilite et perspectives en France

Phage therapy in bone and joint infection: history, rationale, feasibility and
perspectives in France

2347




Open Forum Infectious Diseases

Case Report: Arthroscopic

“Debridement Antibiotics and

Implant Retention” With Local < loace Debrid — |
. - - alvage Debridement, Antibiotics an

Injection of Personalized Phqge Implant Retention (“DAIR”) With

Therapy to Salvage a Relapsing Local Injection of a Selected Cocktail

Pseudomonas Aeruginosa Prosthetic of Bacteriophages: Is It an Option for

Knee Infection an Elderly Patient With Relapsing

Staphylococcus aureus Prosthetic-Joint
Tristan Ferry %3#, Camille Kolenda?>*®, Cécile Batailler>*¢, Romain Gaillard>¢, Infection?

Claude-Alexandre Gustave?3*%, Sébastien Lustig?*®, Cindy Fevre’, Charlotte Petitjean?’,
Gilles Leboucher?®, Frédéric Laurent®**° and the Lyon BJI Study group

Tristan Ferry,'** Gilles Leboucher,’ Cindy Fevre,” Yannick Herry,*"’

Mathieu Medina,® S. Lustig,’ and Frédéric Laurent™***; on behalf of the Lyon BJI
Study Group

3,743 Phage Therapy as Adjuvant to

TOTAL VIEWS

© Conservative Surgery and Antibiotics

to Salvage Patients With Relapsing 5711
S. aureus Prosthetic Knee Infection - o—

Tristan Ferry 234, Camille Kolenda?343, Cécile Batailler23¢, ‘ ) 78
Claude-Alexandre Gustave®**5, Sébastien Lustig?*¢, Matthieu Malatray*®, Cindy Fevre’, '

Jéréme Josse?34° Charlotte Petitjean’, Christian Chidiac %3¢, Gilles Leboucher® and

Frédéric Laurent®*45 on behalf of the Lyon BJI Study group




The Potential Innovative Use of
Bacteriophages Within the DAC®
Hydrogel to Treat Patients With Knee
Megaprosthesis Infection Requiring
“Debridement Antibiotics and
Implant Retention” and Soft Tissue
Coverage as Salvage Therapy

Tristan Ferry 234", Cécile Batailler235, Charlotte Petitjean®, Joseph Chateau?,
Cindy Fevre®, Emmanuel Forestier®, Sophie Brosset’, Gilles Leboucher®,
Camille Kolenda2341, Frédéric Laurent>34 and

Sébastien Lustig>*® on behalf of the Lyon BJI Study Group
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J Antimicrob Chemother 2018; 73: 2901-2903
doi:10.1093/jac/dky263
Advance Access publication 27 July 2018

Innovations for the treatment of a
complex bone and joint infection due
to XDR Pseudomonas aeruginosa
including local application of a
selected cocktail of bacteriophages

Tristan Ferry'~**, Fabien Boucher'*>, Cindy Fevre®,
Thomas Perpoint®*, Joseph Chateau®%*?,

Charlotte Petitjean®, Jérome Josse?™7,

Christian Chidiac’?>™*, Guillaume L’hostis®,

Gilles Leboucher® and Frédéric Laurent>*7 on behalf
of the Lyon Bone and Joint Infection Study Group®

CITATIONS VIEWS ALTMETRIC
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c More metrics information




Case series (> Rioac procedure called « PhagoDAIR »

Phage Therapy as Adjuvant to
Conservative Surgery and Antibiotics
to Salvage Patients With Relapsing 5714

TOTAL VIEWS

S. aureus Prosthetic Knee Infection ™™

. Tristan Ferry "2%%, Camille Kolenda?°*>, Cécile Batailler>*®,
$EPI0AC Claude-Alexandre Gustave?®*°, Sébastien Lustig>>°, Matthieu Malatray *°, Cindy Fevre’,
Jérome Josse?%%> Charlotte Petitjean’, Christian Chidiac %34, Gilles Leboucher® and

Fréderic Laurent?3%> on behalf of the Lyon BJI Study group

CASE REPORT

- frontlers published: 16 November 2020
in Medicine ag o doi: 10.3389/fmed.2020.570572

Debridement Antibiotics and Implant Retention




Clinical cases (2" treated patient)

80-year-old man

Relapsing S. aureus prosthetic left knee
infection (past revision)

Failure

Complex orthopaedic situation with past
femoral fracture

Impossible to walk (painful knee)

FONDATION

HCL

DELYON

@w~  PHAGEiLYON




PhagoDAIR | F

A Pilot, Multicenter, Randomized, Non-Comparative, Double-Blind Study of e |
Phage Therapy in Patients with Hip or Knee PJI due to S. aureus - X N A
Treated with DAIR and Antibiotic Therapy PSS LR
P = _ 1]
k . 2 = (
” ! . i < SBen _ ((w
Inclusion Criteria e .
1. S. aureus monomicrobial knee or hip PJI with clinical signs of I i o %o >
infection with indication of DAIR and Suppressive Antibiotics * ' :
Therapy (SAT). a [ ® RS
2. Phagogram displaying the susceptibility of the strain to at least one 5, T e o e
of the anti-Staphylococcus aureus bacteriophages . Twd T

Primary Objective TR

To estimate the rate of clinical control of infection at Week 12+2
which will allow to calculate the sample size for future comparative

studies. Q PHERECYDES

PHARMA



PhagoDAIR |

A Pilot, Multicenter, Randomized, Non-Comparative, Double-Blind Study of
Phage Therapy in Patients with Hip or Knee PJI due to S. aureus
Treated with DAIR and Antibiotic Therapy

Salvage procedure

Study design

Primary
DAIR+Admin ] antimicrobial S AT
(Do) Control therapy
Consent (30 ml NaCl 0.9%) > >
30 patients Follow-Up=12W of curative antibiotic
Pre- Pre-inclusion therapy + SAT
screening (D-28 to D-2 (D14 to M18)
= 8 ( : / EOS
' Y Bacteriophages E (M24)
% . lor | .
Strain collection (NaCl 0.9¢ o+PP}483 and/or PP181]
(if needed) =30 ml D14 | D28 | w12 | M6 M12 | mis
Phagogram 30 patients
Randomization \
(D-1) PhagoDAIR ®
T Salvage procedure

( * Pre-treatment (D-15 to D-1)
>« Active phages admin at
Do-RT, D7-RT, and D14-RT
* Follow-Up (D28-RT to M18)
« EOSatM24




Clinical Infectious Diseases e
is
MAJOR ARTICLE ‘“‘-DSA hivma

Infections ety of America  hiv medicine association

Phage Therapy for Limb-threatening Prosthetic Knee
Klebsiella pneumoniae Infection: Case Report and In Vitro
Characterization of Anti-biofilm Activity

Edison J. Cano,'? Katherine M. Caflisch,%* Paul L. Bollyky," Jonas D. Van Belleghem,’ Robin Patel,'** Joseph Fackler,’ Michael J. Brownstein,’
Bri‘Anna Horne,’ Biswajit Biswas,’ Matthew Henry,”® Francisco Malagon,’ David G. Lewallen,’ and Gina A. Suh'

"Division of Infectious Diseases, Mayo Clinic, Rochester, Minnesota, USA, %Infectious Diseases Research Laboratory, Mayo Clinic, Rochester, Minnesota, USA, *Department of Molecular

Pharmacology and Experimental Therapeutics, Mayo Clinic, Rochester, Minnesota, USA, *Division of Infectious Diseases and Geographic Medicine, Department of Medicine, Stanford University

School of Medicine, Stanford, California, USA, *Division of Clinical Micrabiology, Mayo Clinic, Rochester, Minnesota, USA, *Adaptive Phage Therapeutics, Gaithershurg, Maryland, USA, ’Genomics
; y ) X 8 X

and ?lomfmmancs Departmerl\l, Biological Defen;g Research D|rec.lorale, Naval Medical Research Center-Frederick, Fort Detrick, Maryland, USA, "Geneva Foundation, Tacoma, Washington, USA, Figure: Plon Viscapy rasiltid n tedioed eryihema ol swolling: \iiogas are éhovwe of the BatBHL: Iowek Sxisamiias (A} befcea i (B ahiér cipletion of pisga

and “Department of Orthopedic Surgery, Mayo Clinic, Rochester, Minnesota, USA therapy.

NO SURGERY! 40 doses of exclusive INTRAVENOUS phages (1 injection each weekday) fp’ adaptive phage

THERAPEUTICS

B pharmaceuticals ﬁVI\D\Py
FZ

Case Report

Successful Treatment of a Recalcitrant Staphylococcus
epidermidis Prosthetic Knee Infection with Intraoperative
Bacteriophage Therapy

James B. Doub 1*, Vincent Y. Ng 2 Eleanor Wilson 1, Lorenzo Corsini 3" and Benjamin K. Chan 4

Single LOCAL injection during DAIR PH%GO 1ED

PHAGE-BASED THERAPIE




D) u.s. National Library of Medicine

ClinicalTrials.gov

A Randomized, Double-Blind, Placebo-Controlled, Multicenter
Study to Evaluate the Safety and Efficacy of Phage Therapy
Versus Placebo in Conjunction With DAIR in Patients With
]SZhronic Prosthetic Joint Infection Who Previously Failed Surgery
or PJi

An Open-Label Multicenter Study to Evaluate the Safety and
Efficacy of PhageBank™ Phage Therapy in Conjunction With
Debridement, Antibiotics, and Implant Retention (DAIR) for
Paftients With First Time Culture Proven Chronic Prosthetic Joint
Infection

A Pilot, Multicenter, Randomized, Non-Comparative, Double-
Blind Study of Phage Therapy in Patients with Hip or Knee PJI due
to S. aureus Treated with DAIR and Antibiotic Therapy

adaptive phage

THERAPEUTICS

THERAPEUTICS

%
'/é adaptive phage

() PHERECYDES

PHARMA

Etc.



Clinical case (3rd treated patient)

? frontiers
in Medicine

88-year-old man

Relapsing P. aeruginosa prosthetic left
knee infection

End-stage cardiac failure
Contraindicated to open DAIR

Arthroscopic DAIR with phages to salvage
P. aeruginosa prosthetic knee infection

Phage 1450

——p—— Low MOI
15 g Intermediate MOI
b High MOI
, —™ No phage

1=

Tﬁ o Jl /IS
+ 4 Arthroscopic DAIR
Vo PB5

&
4,1‘7.
Favorable outcome at 1 year

Left PKI with purulent
joint effusion

FONDATION

HCL
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Clinical case (not published; 21t treated patients)

€RI§)TAC
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72-year-old man

Relapsing P. aeruginosa prosthetic right hip PJI with
femoral osteomyelitis and large abscess

Disarticulation was proposed

Local?

2 Local + IV?

PHAGE:xLYON




A large panel of severe bacterial infections Q

Central nervous system infections ,‘ Cardiovascular infections
Implant-associated meningitis Endocarditis

& Cardiac electronic device infection
| Prosthetic-valve endocarditis
Lung infections Vascular graft infection
‘ 4'

Ventilator-associated pneumonia
Exacerbation in cystic fibrosis

Exacerbations in bronchiectasis Muskuloskeletal infections

Wound infection

"x
Urina ry tract infections Osteomyelitis, fracture-related infection
Pyelonephritis Implant-associated bone and joint infection

Ureteral stent-associated infection Prosthetic joint infection

Digestive-tract infection

Typhoid fever, shigellosis
Cholera



Clinical case (12t treated patient)

74-year-old man
Melanoma treated with anti-PD1

Catheter-related P. aeruginosa bacteriemia in
January 2018

Spinal pain summer 2018
Spondylodiscitis with spinal abscess
Pandrug-resistant P. aeruginosa in culture!




Clinical case (12t treated patient)

Pseudomonas aeruginosa

CMI (mg/l)
Ticarcilline + Ac. Clav R (> 64)
Pipéracilline R (> 64)
Pipéracilline + Tazobactam R (> 64)
74-year-old man Ceftazidime R (> 32)
Céfépime R (>32)
Melanoma treated with anti-PD1 Adidonarm Z(: 382)>
mipeneme >
Catheter-related P. aeruginosa bacteriemia in mopeeTe i
January 20 18 Tobramycine R (> 8)
Amikacine R (> 32)
Spinal pain summer 2018 e AiEL
R (> 4)
Spondylodiscitis with spina] () PHERECYDES 45 AMPLIPHI K =3
Pandrug-resist : Erost: 1 R
The strain was also spontaneously| =
-test: >
resistant to bacteriophages 11l |..:.




Agence nationale de sécurité du médicament

French Health Authority
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Unique European academic collaboration
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Unique European academic collaboration
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Unique European academic collaboration
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French Health Authority

Unique European academic collaboration
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Unique European academic collaboration
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Unique European academic collaboration
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COMMUNICATIONS
T. FERRY et al. 2022

UNIL | Uriversité de Lausanre
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Under the supervision of Conclusions: Personalized phage therapy is a potential adjuvant treatment for patients with complex BJI

anS| I l due to pandrug-resistant bacteria. In addition to industrial phages under development, academic

nale de e< & du medicament

R collaborative research is crucial to develop personalized phage therapy.
French Health Authority



Implementation of a Phage Therapy Center in a CRIOAc
CM I sigiae

FERRY T. et al. 2022
Updated

O

O

250 km

% Multidrug resistance
%2 S. aureus
%2 P. aeruginosa

Under the supervision of

ASAAN ®OBJI
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PHAGE»LYON
@ GRi0Ac =

47 patients in Lyon since 2017

~80% of the whole patients treated in France

—

A 44 with phages from () PHERECYDES

« 3 with phages from @& 732? ‘

HMRA

® | * 40BIJI(including 34 PJI)
\ ,.' * 4 endocarditis/vascular graft ¢
* 3 lung infections (VAP + bacteremia,
L= pneumonia in lung graft bronchectasia,
cystic fibrosis exacerbation)

—

+ 11 patients managed outside Lyon O
including 1 i |n and 1lin H

@O Endocarditis @O Pneumonia @O Burn



ContraFQCt ABOUTUS TECHNOLOGY PIPELINE INVESTORS & MEDIA CAREERS CONTACT US

OVERVIEW

CONTRAFECT PARTNERS WITH LEADING
ORTHOPEDIC CENTER IN EUROPE TO .,
PROVIDE COMPASSIONATE USE OF G:R'O—AC
B EXEBACASE TO PATIENTS WITH CHRONIC

g STAPHYLOGOCCAL PROSTHETIC JOINT

s INFECTIONS

#LYSINDAIR
Count&raFect I I LYSI N E T. Ferry etal.
@RlOAC de phage W frontiers
o 2021




Bacteriophage Lysins

Vincent A Fischetti

@microbephage ‘
Tristan Ferry Lyon University Hospitals v \ \(—- ) k
@FerryLyon

Incredible talk of Pr. Vincent A. Fischetti @microbephage

@IDWeek2019 about the great potential of

#bacteriophage #lysins to induce bacterial explosion... /
and disappearance! It's good to hear that he discovered

lysins that are active against #multidrugresistant ‘
#ESKAPE pathogens! / Y



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

#LysinDAIR procedure

30th

Paris, France
18 -21 April 2020

- | a frontiers
in Medicine

ContraFect

(CRioAC

Front Med 2021



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

#LysinDAIR procedure

The biofilm was macroscopically visible

Front Med 2021



Implementation of a Phage Therapy Center in a CRIOAc
CM I sigiae

FERRY T. et al. 2022
Updated
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% Multidrug resistance
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%2 P. aeruginosa
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® | * 40BIJI(including 34 PJI)
\ ,.' * 4 endocarditis/vascular graft ¢
* 3 lung infections (VAP + bacteremia,
L= pneumonia in lung graft bronchectasia,
cystic fibrosis exacerbation)

—

+ 11 patients managed outside Lyon O
including 1 i |n and 1lin H

@O Endocarditis @O Pneumonia @O Burn



Implementation of a Phage Therapy Center in a CRIOAc
CM I sigiae

250 km

PHAGE»LYON
@ GRi0Ac =

47 patients in Lyon since 2017
~80% of the whole patients treated in France I I

FERRY T. et al. 2022
Updated

® O

+ 15 Patients A + 44 with phages from () PHERECYDES

Visio RCP CRIOAc
Thérapie innovante
’ Treated with Lysins

CF-310 (PJI)

S. epidermidis

Py
* 3 with phages from (@®)

® | * 40BIJI(including 34 PJI)
\ ,.' * 4 endocarditis/vascular graft ¢
* 3 lung infections (VAP + bacteremia,
L= pneumonia in lung graft bronchectasia,
cystic fibrosis exacerbation)

% Multidrug resistance
%2 S. aureus
%2 P. aeruginosa

+ 11 patients managed outside Lyon O
including 1 i |n and 1lin H

_(an>m ®OBJI @O0 Endocarditis @O Pneumonia @O Burn
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Conclusion

* La phagothérapie est une thérapie innovante et réeémergente PHARMACEUTICAL

PHAGES

* Toutes les infections bactériennes ne sont pas de bonnes
indications de phage

En ADJUVANT a l'antibiothérapie (et potentiellement la chirurgie)
dans les infections bactériennes séveres

“UERC o Nécessité d’une mission nationale « CRIOAC thérapie innovante »
* Pour valider les indications pertinentes de phages dans les IOA PHAGE
- * Pour orienter les prises en charge vers les essais thérapeutiques 2 0
H * Ou enfin pour orienter et accompagner le recours a des phages ©
en « compassionnel » (nécessite d’'une mission nationale THERAPY

« RCP Phagothérapie » pour préciser les modalités)

e Poser les jalons d’un centre national de phagothérapie ESGNTA inmmiow

ANTIBACTERIAL THERAPY

European Society of Clinical Microbiology and Infectious Diseases

» Conception et réalisation d’essais thérapeutiques
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""BJI

Lyon BJI Study group

study;’j group

Coordinator: Tristan Ferry

Infectious Diseases Specialists — Tristan Ferry, Florent Valour, Thomas Perpoint, Florence Ader, Sandrine Roux, Agathe Becker, Claire
Triffault-Fillit, Anne Conrad, Cécile Pouderoux, Pierre Chauvelot, Paul Chabert, Johanna Lippman, Evelyne Braun

Surgeons — Sébastien Lustig, Elvire Servien, Cécile Batailler, Stanislas Gunst, Axel Schmidt, Elliot Sappey-Marinier, Quentin Ode, Michel-
Henry Fessy, Anthony Viste, Jean-Luc Besse, Philippe Chaudier, Lucie Louboutin, Adrien Van Haecke, Marcelle Mercier, Vincent Belgaid,
Aram Gazarian, Arnaud Walch, Antoine Bertani, Frédéric Rongieras, Sébastien Martres, Franck Trouillet, Cédric Barrey, Ali Mojallal,
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