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What is a
« bacteriophage » ?

Suffix —phage, phagos ¢ayeiv (phagein), "to eat”,
“to devour"

Viruses that infect ONLY bacteria
Classification (myoviridae, podoviridae, etc...)

A phage is specific to A type of bacteria

Largely abundant in the biosphere:
1031 bacteriophages on the planet, more than
every other organism

Especially in marine environment, sea, lake,
backwater, soil, animal and human stools, etc.




Bacteriophage Distributions and LN
Temporal Variability in the Ocean’s 5017
Interior
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S. aureus being
lysed by the
Sa2 phage

Bacterial DNA
appeared in
green

Courtesy Pascal Maguin
Luciano Marraffini Lab

THE ROCKEFELLER UNIVERSITY

A clear antibacterial activity!
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 Felix d’Herelle (early XXt century)
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» He treated shigellosis (diarrhea) in
children with oral intake of specific
“filtered” bacteriophages that he found
in stools of patients who spontaneously
healed from... shigellosis
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History of phage therapy

 Felix d’Herelle (early XXt century)
* |nstitut Pasteur, Paris

He treated shigellosis (diarrhea) in
children with oral intake of specific
“filtered” bacteriophages that he found
in stools of patients who spontaneously
healed from... shigellosis

He founded the “Laboratoire Francais
des Bactériophages” in Paris and the
Eliava institute in Georgia
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He founded the “Laboratoire Francais
des Bactériophages” in Paris and the

Eliava institute in Georgia
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Cocktails produced in 2021 1=
by the Eliava Institute A

* PYO Bacteriophage Bacteriophage ISP (Myoviridae)
 FERSIS Bacteriophage I

« STAPHYLOCOCCAL Bacteriophage
« SES Bacteriophage

« INTESTI Bacteriophage

« ENKO Bacteriophage

Merabishvili et al. PloS ONE 2009

T. Ferry. The story of Phage therapy



Not meeting Good Manufacturing Practices (GMP)

Pyrogenic
Bacterial
remnant?

108 phages/mL
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Mass productlon of bacteriophages
in Soviet Union during WWII

T. Ferry. The story of Phage therapy



Clinical case #1

54-year-old man
Trauma with open fracture

Post-trauma tibial S. aureus
osteomyelitis |
(/A?RAL

Surgical debridement
Antibiotics
Failure

Management in Georgia for
receiving phage therapy
bacteriophages 10 years ago

Failure
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Clinical case #1

54-ye Partial bone necrosis
Trau requiring surgery

POft'traU Skin and soft tissue damage |
B requiring surgical coverage

Surgiq
Antibig
Failure

MAJOR BIOLOGICL LIMIT:

Bacteriophages
have not the ability to:
Manad  perform bone debridement

FECEIVl  regenerate skin and soft tissue
bacte rtererer= e —E———— ,

Failure




Personalized’medicine for BJI
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Centre de Référence des Infections
RIOAC
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‘ k‘ . Medical innovations to maintain the function in patients

with chronic PJI for whom explantation is not desirable:
Centre de Ressources Biologiques

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

SICOT- 2020
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Personalized’medicine for BJI
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Not meeting Good Manufacturing Practices (GMP)

Pyrogenic
Bacterial
remnant?
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Under the supervision of
the French Health Authority

aNsiM

Agence nationale de sécurité du médicament
et des produits de santé

Mass production of bacteriophag
in Soviet Union during WWII

0 phages/mL

T. Ferry. The story of Phage therapy



Phage A clear antibacterial activity!
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Phage A clear antibacterial activity!

1010 Phagogram
1,0
10° £ S. aureus
c08 : .
] 0 kinetic growt
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S. aureus culture on a gelosis




Persisters in chronic BJi

“Bacterial cells that escape the effects of
antibiotics without undergoing genetic change”




Persisters in chronic BJi

“Bacterial cells that escape the effects of /i
antibiotics without undergoing genetic change”
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Persisters in chronic BJi

“Bacterial cells that escape the effects of /i
antibiotics without undergoing genetic change” f

Bacteriophages
have anti-persister activity
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Biofilm inoculum variation
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C. Kolenda et al. Antimicrob Agents Chemother 2019
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C Kolenda et al. Antimicrob Agents Chemother 2019
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. . . WORLD
Declaration of Helsinki 6 MEDICAL

Medical Research Involving Human Subjects WAAA ASSOCIATION

Special Communication

World Medical Association Declaration of Helsinki AM A 20 ‘I 3
Ethical Principles for Medical Research

[nvolving Human Subjects R s i

World Medical Association

« Unproven Interventions in Clinical Practice

hope of saving life, re-establishing health or aleviating suffering.
In France: compassionate use,

magistral preparation by the hospital pharmacist



Clinical case #2

62-year-old woman
Leiomyosarcoma

Radiotherapy

Fracture

Osteosynthesis, soft tissue flap
Recurrent S. aureus infection
Proximal and distal abscesses




Clinical case #2

Lysis of the
Greater
trochanter

D
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Clinical case #2

Material
explantation?
Risk of VS.

FRACTURE
and total

loss of function




Clinical case #2

Conservative surgery
“‘Debridement And Implant
Retention” (DAIR)"?

Material
explantation?

Risk of VS.
FRACTURE No surgery!
and total

loss of function Local injections of
personalized
bacteriophages
In combination with
Antibiotics?




Lyon Phage team

0 1 2 3 4 5 6 7 8 9 10 11 12
Hours of incubation

Phagogram
Selection of active bacteriophages

¥

Active GMP

S. aureus Bactériophages

Phage A Phage B Phage C

Under the supervision of
the French Health Authority

anNsSiMm

Agence nationale de sécurité du médicament
et des produits de santé

Extemporaneous
magistral
preparation of the

mix of
cteriophages
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Lyon Phage team
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Clinical case #2 :

Personalized phage cocktail
One shot phage injection

Primary then suppressive
antimicrobial therapy

Favorable outcome at 10 months

Impossible to achleve the cure
But ‘freezing’ the bacterial multiplication
Is crucial to save time and avoid complications



‘ i CASE REPORT
- frontlers published: 16 November 2020
in Medicine doi: 10,3380/fmed.2020.570572

Phage Therapy as Adjuvant to
Conservative Surgery and Antibiotics
to Salvage Patients With Relapsing
S. aureus Prosthetic Knee Infection

Tristan Ferry '*3*, Camille Kolenda***5, Cécile Batailler**%,

Claude-Alexandre Gustave***°, Sebastien Lustig“™®, Matthieu Malatray*®, Cindy Fevre’,
Jérome Josse****, Charlotte Petitjean’, Christian Chidiac "***, Gilles Leboucher® and
Frederic Laurent®**®* on behalf of the Lyon BJI Study group

#PhagoDAIR



Clinical case #3

80-year-old man

Relapsing MSSA prosthetic left
knee infection (past revision)

Failure under suppressive

antimicrobial therapy

Complex orthopaedic situation
with past femoral fracture

Impossible to walk (painful knee)

wm
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Fistula and
purulent discharge

Septic
» | arthritis




Clinical case #3

Doing nothing, but poor
clinical situation with risk of

complication and death

Amputation VS

(but not feasible ) ? Conservative surgery
“Debridement And Implant
Retention” (DAIR) +
innovative approach to

disrupt biofilm

+

Suppressive antimicrobial therapy
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“Debridement And Implant
A RIOAC Retention” (DAIR)

LYON
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“PhagoDAIR”

One shot peroperative phage
application after “DAIR”




Clinical case #3

Post-operative antibiotics:

Daptomycin + Rifampin

At day 4 (only MSSA in all
intraoperative samples):

Levofloxacin + Rifampin

Then:

Cefalexin as suppressive
antimicrobial therapy




“The bacteriophages saved my life, he
insists. | never thought one day to walk
again. And to say that doctors were talking
about cutting my leg off!” R.N.




= " CASE REPORT
frontlers T. Fe rry et al - published: 16 November 2020

N Medicine

doi: 10.3389/fmed.2020.570572
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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 3%, Cécile Batailler***, Chariotte Petitjean®, Joseph Chateau’,
Cindy Fevre®, Emmanuel Forestier®, Sophie Brosset’, Gilles Leboucher?,
Camille Kolenda®**", Frédéric Laurent®**" and

Sébastien Lustig*** on behalf of the Lyon BJI Study Group
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Arthroscopic “Debridement Antibiotics and Implant
Retention” with local injection of personalized phage ?frontiers

therapy to salvage a relapsing Pseudomonas aeruginosa in Medicine
prosthetic knee infection

Phage 1450

A B D

30th

Paris, France

18 -21 April 2020
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Left PKI with purulent
joint effusion

Favorable outcome at 1 year

Conclusions: The PhagoDAIR procedure by arthroscopy has the potential to be
used as salvage therapy for patients with P. aeruginosa relapsing PJI, in combination
with suppressive antimicrobial therapy. A Phase Il clinical study deserves to be
performed to confirm this hypothesis.



Ultrasound guided local administration of personalized cocktail of
bacteriophages followed by suppressive antibiotherapy as salvage
therapy in patients with relapsing total femur prosthesis infection

30th

Paris, France

18 -21 April 2020

c PHERECYDES
PHARMA

Killing assay
Phagogram

LYON

Conclusions: Ultrasound-guided local administration of personalized cocktail of
GMP bacteriophages followed by suppressive antibiotherapy in patients with relapsing
total femur PJI has the potential to be used as salvage therapy to control the
infection and avoid disarticulation. Dramatic superinfection could be diagnosed at the

time of phage administration.



Intravenous administration of personalized cocktail of bacteriophages as
salvage therapy in combination with ceftazidime/avibactam in patients
with relapsing P. aeruginosa bacteremia: Lesson learned from two cases
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Conclusions: The type of filter used for the magistral preparation and the duration
of the perfusion influenced the phage titer, as the titer in the patient’s blood.
Personalized GMP bacteriophage therapy has the potential to be used as salvage
therapy of P. aeruginosa intravascular implant infections.



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

Case Report: Arthroscopic  #rontiers
“Debridement Antibiotics and
Implant Retention” With Local

enfoun) Injection of Personalized Phage
Therapy to Salvage a Relapsing

in Medicine

Pseudomonas Aeruginosa Prosthetic
Knee Infection 2021

dl Tristan Ferry '***, Camille Kolenda?****, Cécile Batailler>**, Romain Gaillard*®,
Claude-Alexandre Gustave***%, Sébastien Lustig***, Cindy Fevre’, Charlotte Petitjean’,
Gilles Leboucher?®, Frédéric Laurent**** and the Lyon BJI Study group

Infection? Tristan Ferry 234, Camille Kolenda®345, Cécile Batailler®¥,
Claude-Alexandre Gustave®**5, Sébastien Lustig?*®, Matthieu Malatray*®, Cindy Fevre’,
Ferry T. 2018 Jéréme Josse****, Charlotte Petitjean’, Christian Chidiac "***, Gilles Leboucher® and
Frédéric Laurent®***® on behalf of the Lyon BJI Study group 202 0
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Case Report
Salvage Bacteriophage Therapy for a Chronic MRSA
Prosthetic Joint Infection
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Phage Therapy for Limb-threatening Prosthetic Knee
Klebsiella pneumoniae Infection: Case Report and In Vitro
Characterization of Anti-biofilm Activity
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Tristan Ferry Lyon University Hospitals y

@FerryLyon
Today, we treated @CHUdelLyon a 20th patient with ultrasound injection I I I l \G

of #bacteriophages for a relapsing prosthetic joint infection due to
multidrug-resistant #Pseudomonas aeruginosa! We hypothethize that

#phagetherapy can help to control this kind of dramatic infection! ﬁl\].lSTERE
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Purified academic phages
Usable in the next 5 years
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Bacteriophage Lysins

Vincent A Fischetti
@microbephage

@FerryLyon

8, Tristan Ferry Lyon University Hospitals v

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!



Combination Therapy With Lysin CF-301 and
Antibiotic Is Superior to Antibiotic Alone for = Thefoundo

iy INfectious
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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
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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.
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» Evidence for in vitro activity of lytic phages

» There is a real place for phage theralp_y to maximize
C

clinical success In complex bacterial infections

 Need to identify relevant clinical indications CRIOAC

 Expertise of referral clinical centers

 Evidence for an added value in particular 3\2.0

dead-end clinical situations (PJI)
» Develop and use purified bacteriophages
p 23 patients treated in 4 years
 Industry / health authority / academic collaborations

* Need for Phage discovery, banking, susceptibility,

to personalize the therapy
* Need for national phage therapy center(s)
 Clinical trials have to be performed to demonstrate
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a potential benefit in less severe patients
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Lyon BJI Study group

Coordinator: Tristan Ferry

Infectious Diseases Specialists — Tristan Ferry, Florent Valour, Thomas
Perpoint, Florence Ader, Sandrine Roux, Claire Triffault-Filit, Agathe Becker,
Anne Conrad, Marielle Perry, Cécile Pouderoux, Nicolas Benech, Pierre
Chauvelot, Johanna Lippman, Evelyne Braun, Christian Chidiac

Surgeons — Sébastien Lustig, Elvire Servien, Cécile Batailler, Stanislas Gunst,
Axel Schimdt, Matthieu Malatray, Elliot Sappey-Marinier, Michel-Henry Fessy,
Anthony Viste, Jean-Luc Besse, Philippe Chaudier, Lucie Louboutin, Quentin
Ode, Adrien Van Haecke, Marcelle Mercier, Vincent Belgaid, Arnaud Walch,
Sébastien Martres, Franck Trouillet, Cédric Barrey, Ali Mojallal, Sophie Brosset,
Camille Hanriat, Hélene Person

Microbiologists — Frederic Laurent, Céline Dupieux, Laetitia Berraud, Camille
Kolenda, Jérbme Josse, Tiphaine Roussel-Gaillard

Nuclear Medicine — Isabelle Morelec, Marc Janier, Francesco Giammarile
PK/PD specialists — Michel Tod, Marie-Claude Gagnieu, Sylvain Goutelle
Clinical Research Assistant — Eugénie Mabrut
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