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Chronic bone and joint infection

* One of the most difficult-to-treat ID
« Bacterial mechanisms of persistence
« Sequestrum Iin chronic osteomyelitis
* Implant surface (osteosynthesis, prosthesis)

@@ &




Chronic bone and joint infection

i

* One of the most difficult-to-treat ID

* Bacterial mechanisms of persistence %©®
« Sequestrum Iin chronic osteomyelitis

* Implant surface (osteosynthesis, prosthesis)

Infectious challenge [|e<s2-s2-24 Functional challenge

Eradication of the pathogen Limit bone loss

Infect. Dis. O ~thopaedic
Physicia pa‘t‘\b‘e Surgeon

Cure the Infé @ Maintain the function
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Personalized medicine for BJI
MIULTIDISEILINAR MIEETING

THE BEST INDIVIDUALIZF@ICOSURGICAL STRATEGY

OPTIMA LARGETED AND

SEPTIC OPTIMAL
ANTIMICROBIAL
Yé Wg ? m‘u

THERAPY
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Multidisciplinar meejy
1000 Patients (n)
Complex cases (n)

CHARITE

Protheseninfekte

Brauchen wir spezielle Revisionszentren flr Protheseninfekte nach dem Vorbild Frankreichs?

BERLIN Periprothetische Infektionen Zusitzlich werden in die Behand-
sind eine der schwerwiegendsten Kompli- Anfrage mit PPI-Fall lung auch Radiologen, Aniisthesisten,
kationen in der Endoprothetik mit nachhal- durch externe Klinik Rheumatologen und Physiotherapeu-
tigen Auswirkungen fiir den Patienten, das ten mit cinbezogen.
behandelnde Team und das Gesundheits- ! ?
system. Einen relevanten Einfluss auf den Staatliche Referenzzentren fiir Muskuloskelettale : 4
Therapieerfolg haben unter anderem die Infektionen (CRIOACc)
Wahl eines adaquaten Therapiekonzeptes, = interdisziplinare Diskussion und Entscheidung im Medical board
die Expertise des behandelnden Teams und (ahnlich Tumorkonferenz)

IaaeCeaebenheiten der Klinik.

> 2019 Do we Ne

vereint werden.

ine unzureichende Behandlung
Eﬁihn hiufig zum Versagen der
Therapie mit der Persistenz der
Infektion. Langjahrige Verliufe mit Gesundheitssyste:
nicht selten einer Odyssee an Opera-
tionen und Krankenhausaufenthalten

Abb. 1: Organisation und Ablauf der Behandlung von Patienten mit Gelenk- oder -

an verschiedenen Kliniken mit unter-  Knocheninfektion in Frankreich. Vorstellung der Patienten am Referenzzentrum erfolgt zentrum sinn R
schiedlichen Arzten kénnen dann fol-  entweder direkt ambulant oder iiber eine staatlich gefiihrte Webseite. Ab 2011 wurden in Frankr ur
gen. Hiufig sind die meist gut gemein- Unterstiitzung der Referenzzentren
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AntibioticS-loaded Bacteriophages

PMMA cements

Antibiotic-
loaded bone NFE
substitutes |

A\ Bacteriophage-
derived lysins

New antibiotics
targeting the biofilm



The following case brings up to date the
concept of local antibiotherapy

BJl = local infection

Legitimate to want to act locally Yo" =& e &l

- Gentamicin beads

- Non-optimal surgery

- Low local release

- Without systemic antibiotics

<

Failure

¥

Acquisition
of resistance and/or
small colony variants




Innovation = local therapy

. Antibiotics administered systemically
DISRUPTIVE
Strategy
_ Antibiofilm
agents
Local administration
with carriers

Antibiotics administered locally with
particular carriers (ex. bone substitute)

Local C
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Clinical case #1

39-year-old man

Relapsing P. aeruginosa implant-
associated infection despite
‘DAIR’, and despite implant
removal

Septic nonunion with persistent
fully susceptible P. aeruginosa

Infection
Bone resection +
Amputation VS Innovative way {o

treat and rebuild

the bone




Clinical case #1

39-year-old man

Relapsing P. aeruginosa implant-
associated infection despite
‘DAIR’, and despite implant
removal

Septic nonunion with persistent
fully susceptible P. aeruginosa
Infection

Multidisciplinary decision:

15! step: Bone resection + spacer

2"d step: Gastrocnemius flap

3'd step: Osteosynthesis + Bone
reconstruction with CERAMENT™ G and
CERAMENT ™ V + autograft + allograft




M. Stravinskas et al. Bone
Joint res 2016;5:427-435

Clinical case #1

39-year-old man

Relapsing P. aeruginosa implant-
associated infection despite
‘DAIR’, and despite implant
removal
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Septic nonunion with persiste
fully susceptible P. aeruginosa
Infection

Multidisciplinary decision:

15! step: Bone resection + spacer

2"d step: Gastrocnemius flap

3'd step: Osteosynthesis + Bone
reconstruction with CERAMENT™ G and
CERAMENT™ V + autograft + allograft




Clinical case #1

Available in the market as a device
(not as an antibiotic)
But no clinica' ‘-
So no reimbu Fa\’

atd

Multidisciplinary decisio
15! step: Bone resection + spacer
2"d step: Gastrocnemius flap

3'd step: Osteosynthesis + Bone
reconstruction with CERAMENT™ G and
CERAMENT™ V + autograft + allograft




CONVICTION clinical trial

T. Ferry (national grant 2019)

Evaluation of the efficiency
of the bone substitute
Cerament-G® locally
delivering gentamicin in the
treatment of chronic
osteomyelitis of long
bones: randomized
multicentre study In the
CRIOAcC network

First inclusion
Q2 20217
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CONVICTION clinical trial

T. Ferry PRME 2019

Evaluation of the efficiency
of the bone substitute
Cerament-G® locally
delivering gentamicin in the
treatment of chronic
osteomyelitis of long
bones: randomized
multicentre study In the
CRIOAcC network

First inclusion
Q2 20217



AntibioticS-loaded

PMMA cements Bacteriophage_

Antibiotic-loaded derived lysins

bone substitutes New antibiotics

targeting the biofilm

TIDISCILIN" REVEETING



What Is a
« bacteriophage » ?

Suffix —phage, phagos ¢aysiv (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.




Translucent tap water

. | Phamaceutical

7 preparation
108 of THREE
bacteriophages/mL

(targeting S. aureus)

X million of #
BactériophageS !!!

(targeting environmental bacteria)




Ferry T. et al. .

Vi rologe | \ Cell recognition

2020:24(1):49-56 L

| \ DNA injection

Environmental viruses
Target specific bacteria

Head containing DNA

Baseplate

Bacterial surface — DNA being introduced
into the bacterial cell —
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Ferry T. et al.
Virologe
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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!




Phage A clear antibacterial activity!
1010 Phagogram

109

108

107

106

10°

PFU/mL

S. aureus culture on a gelosis




Phage A clear antibacterial activity!
1010 Phagogram
10° c S. aureus

108

107

10°

00 + Phage
10° 00123456 7891011

PFU/mL Hours of incubation

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” f




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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( Osteoblast '
@) \-/ Osteocyte




C. Kolenda et al. Antimicrob Agents Chemother 2019
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Biofilm inoculum variation
(compared to untreated biofilm)
N

C. Kolenda et al. Antimicrob Agents Chemother 2019
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Cocktails produced in 2021
by the Eliava Institute

- 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?

2 2

10° phages/mL
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T. Ferry. The story of Phage therapy



Open Forum Infectious Diseases

Salvage Debridement, Antibiotics and
Implant Retention (“DAIR”) With
Local Injection of a Selected Cocktail
of Bacteriophages: Is It an Option for
an Elderly Patient With Relapsing
Staphylococcus aureus Prosthetic-Joint

Infection?

Ferry T. 2018 Open Forum Infectious Diseases

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,
Jérdme Josse, Christian Chidiac, Guillaume L’hostis, Gilles Leboucher, ... Show more

Journal of Antimicrobial Chemotherapy, Volume 73, Issue 10, 1 October 2018, Pages 2901-2903,



" i CASE REPORT
- frontlers published: 16 November 2020
INn Medicine doi: 10.3389/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?3%®, Cécile Batailler?>¢,

Claude-Alexandre Gustave?®*°, Sébastien Lustig?®°, Matthieu Malatray®¢, Cindy Fevre’,
Jérome Josse?%%%, Charlotte Petitjean’, Christian Chidiac %%, Gilles Leboucher? and
Frédéric Laurent?34> on behalf of the Lyon BJI Study group

#PhagoDAIR



Clinical case #2

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)

-
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Clinical case #2

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




Lyon Phage team
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Lyon Phage team
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“Debridement And Implant
Retention” (DAIR)










“PhagoDAIR”

1 LA

One shot peroperative phage
application after “DAIR”




Clinical case #2

Post-operative antibiotics:
Daptomycin + Rifampin

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

Levofloxacin + Rifampin

Then:

Cefalexin as suppressive
antimicrobial therapy




avorab!®

“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.

.- 3 | at 2
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doi: 10.3389/fmed.2020.570572
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Arthroscopic “Debridement Antibiotics and Implant

Retention” with local injection of personalized phage l‘frontiers
therapy to salvage a relapsing Pseudomonas aeruginosa in Medicine
prosthetic knee infection

B Phage 1450 D| =1 | ;lab:] itted
15 : :-:t:lrm(e);iateMOI L .»." t

== ECCMID

LN AN
LY ; .
SN L . _,, == Nophage g
E ' U
g '
g )
& . 8os
B .. u Paris, France
00
0 1 2 8 9 10 11 12
W A |

s 18 —21 April 2020
Temps (h)

PHERECYDES
PHARMA

Left PKI with purulent l C g

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.



The Potential Innovative Use of
Bacteriophages Within the DAC® ’
Hydrogel to Treat Patients With Knee %5
Megaprosthesis Infection Requiring '
“Debridement Antibiotics and
Implant Retention” and Soft Tissue £ &
Coverage as Salvage Therapy

1 T prems

Tristan Ferry2>%, Cécile Batailler>>®, Charlotte Petitjean®, Joseph Chateau’,
Cindy Fevre®, Emmanuel Forestier®?, Sophie Brosset’, Gilles Leboucher?,
Camille Kolenda?>*1°, Frédéric Laurent?>*'° and

Sébastien Lustig?®° on behalf of the Lyon BJI Study Group
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Conclusion

Centre

nternational HcL
de Recherche HOSPICES CIVILS
en Infectiologie bELon

Creation of regional reference centers in France (funded by health
ministry) transformed the patient approach E ]

Personalized clinical care is the base of the pyramid for the RAEHSUERAS
management of complex BJI with bedside multidisciplinar meeting

Infectious Disease physicians have potential great roles:

« Can help to keep the function!

« Have to develop and propose adjuvant personalized
Innovative anti-infective agents for selected relevant
iIndications

Phages have areal potential in prosthetic-joint infection

Need for industrial and academic developement of therapeutic
phages (discovery, banking, susceptibility testing) in connexion with 3\2 0

health care authorities

Need to perform clinical trials to evaluate the ability of these
Innovations to improve the outcome 3NsM




Lyon BJI Study group

Coordinator: Tristan Ferry

Infectious Diseases Specialists — Tristan Ferry, Florent Valour, Thomas
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Chauvelot, Johanna Lippman, Evelyne Braun, Christian Chidiac

Surgeons — Sebastien Lustig, Elvire Servien, Cécile Batailler, Stanislas Gunst,
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Camille Hanriat, Hélene Person

Microbiologists — Frederic Laurent, Céline Dupieux, Laetitia Berraud, Camille
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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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