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Les antibiotiques en systemique

« Roéle important dans la prévention de |’ infection de

prothése (réduction du risque de plus de 10% a <2%)
— Antibioprophylaxie recommandée (SFAR)

— Efficacité moindre en cas de reprise

— Taux incompressible ?

« Roéle important dans le traitement de |’ infection de

prothese :

— ROole majeur de la chirurgie

— Ro&le complémentaire de |I” antibiothérapie pour traiter le(s) germe(s)
retrouve(s)

— Notion d’ antibiothérapie optimale (doses, voie d” administration,
combinaisons)

— Durée prolongée (> 6 semaines =~
prolongee ( ) CRioAc




Les antibiotiques locaux

* Roéle potentiellement intéressant dans la prévention

de I' infection de prothése
— Prothése de 1¢ intention ?
— Prothése de révision ?

* RoOle potentiellement intéressant dans le traitement

de I' infection de prothése :
— Ultilisation de spacer aux antibiotiques dans le changement en 2 temps

— Prothése cimentée avec du ciment aux antibiotiques lors d'un
changement en 1 temps

(RioAC



Antibiotiques locaux
JOA = infection locale

Légitime de vouloir agir localement

- Billes de gentamicine
- Chirurgie non optimal
o & - Faible relargage local
T = CME S TR - Sans antibiothérapie systémique
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Rationnel pour 'utilisation
d’antibiotique(s) locaux

ﬁr +| Faibles/moyennes
concentrations sur le

site de l'infection

1

Fortes doses

d’antibiotique 1V ou
oral pour traiter une
infection locale

[C Locale]

Patient exposé a un
eéchec
microbiologique 3

Temps (jours)
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En plus des antibiotiques systémiques
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urée de vie des antibiotiques
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Stratégie meédico-chirurgicale au cours des
infections de PTG

Explantation Réimplantation Changement
2 semaines i
n: Per os Classique CRI9~AC
en 2 temps

Plusieurs objectifs

Spacer articulé

Pour traiter I’'infection

Pour prévenir la surinfection
Pour faciliter la rééducation

Ciment utilisé pour la réimplantation
Pour traiter I'infection

Pour prévenir la surinfection

Pour fixer la prothése

Ciments aux
antibiotiques




Antibiotic concentration mg/L

A .Ciment (40 g) with Gentamicine (0.59)

Concentration of gentamicin
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A .Ciment (40 g) with Gentamicine (0.59)

Concentration of gentamicin

B .Ciment (40g) with gentamicin (1g)
and vancomycin (2g)

Concentration of gentamicin

Concentration of vancomycin

Critical concentrations

2 3 4 5 o6 7 8
Time (days)



¥ ok %k %k
¥ ok % %k

X kK
¥ % ok %k

¥ %k K
¥ ok

5555

S555

Plain

988
$5
e -

Juawa2 ued

(N4D Bo7 V) uonewuo) wyjolq Jo uogiyu|

Day 9

Day 3

Day 1



¥ o A Kk

% % %k ok | ] ¥ ok ok %k
I 1 % ok ¥k r 1
: % ok % ok ] r sgss [ % ok Xk ]
| 5885 ; 1 _ 9588
o §§§§ S8g

Antibiotics in Bone Cements Used for

| Prosthesis Fixation: An Efficient Way
1to Prevent Staphylococcus aureus

and Staphylococcus epidermidis

4 Prosthetic Joint Infection & trontiers

in Medicine

Andréa Cara', Mathilde Ballet"?, Claire Hemery', Tristan Ferry >*°, Frédéric Laurent 23>
and Jéréme Josse ***
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Gentamicin—vancomycin:—colistin:Iocal antibiotherapy

in a cement spacer in a 54-year-old haemophilic

patient with relapsing plurimicrobial severe prosthetic
joint infection

Tristan Ferry,""*** Romain Desmarchelier> Sophie Magréault,®’ Florent Valour,"*** on
behalf of the Lyon BJI Study group
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Does an Antibiotic-Loaded Hydrogel Coating Reduce
Early Post-Surgical Infection After Joint Arthroplasty?

Carlo Luca Romano!*, Kostantinos Malizos?, Nicola Capuano?, Riccardo Mezzoprete4, Michele
D’ Arienzo5, Catherine Van Der Straeten¢ 7, Sara Scarponi! and Lorenzo Drago#$ 9

J. Bone Joint Infect. 2016




Does an Anti
Early Post-Su

Carlo Luca Romano!™, K¢

ing Reduce

D’ Arienzo5, Catherine Vaj Type of surgery

Treated % i

Joint Hip 153 80.9 'h ro P IaSt)'?
Knee 36 19.0 fetet, Michele
Primary 135 71.8
Revision 54 28.2

| Systemic prophylaxis Cefazolin 69 48.2

Cefazolin + 29 20.3
Glycopeptides
Cefazolin + 46 38.3
Vancomicin
Vancomycin + 45 31.5
Meropenem

DAC volume (mL) Mean +SD 8ox27
Min - Max 5-10

DAC + vancomycin 100 52:.9

5%

DAC + gentamicin 70 37.0

3.2%

DAC + vancomycin 15 79

2% + meropenem 2%

Other associations + 21

J. Bone Joint Infect. 2016
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Pharmacokinetics of gentamicin eluted £
from a regenerating bone graft substitute 2
£ 100 -
IN VITRO AND CLINICAL RELEASE STUDIES § : \1/'
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CERAMENT G™ TR 1
17| Hydroxyapatite 5 :
£ /«g‘\ g L
/ .g,«q\ Sulfate de calcium [ T
<A Gentamlcme 1357 9111315171921232527

Time (days)

Régénération osseuse, Résorbable, sous forme de pate

m GENERAL ORTHOPAEDICS

Single-stage treatment of chronic
osteomyelitis with a new absorbable,
gentamicin-loaded, calcium sulphate/
hydroxyapatite biocomposite

A PROSPECTIVE SERIES OF 100 CASES

Mac Nally M. et al.
Oxford Bone infection unit

Bone Joint J 2016;98-B:1289-96.
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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
CRIOAc network

First inclusion
Q2 20217
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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.




Préparation
' pharmaceutique |

108 de TROIS

bactériophages/mL
(ciblant S. aureus)

X millions of #
BactériophagesS !!!

(ciblant des bactéries
de I’environnement)




10 a 100 fois plus petit qu'une bactérie

Bacteriophage ISP (Myoviridae)

Merabishvili et al. PloS ONE 2009




Un claire activité anti-bactérienne !!!

S. aureus being
lysed by the
Sa2 phage

Bacterial DNA
appeared in
green

Courtesy Pascal Maguin
Luciano Marraffini Lab
THE ROCKEFELLER UNIVERSITY




Un claire activité anti-bactérienne !!!

“hage Phagogramme
1010

10

10° m S. aureus |
.8 ’ kinetic growt

10° oo in liquid
107 O0,4
106 0,2

0,0 + Phage
10° 0123456789101
PFU/mL Hours of incubation

S. aureus culture on a gelosis




Ferry T. et al. 2020 3«
Vir0|oge Cell recognition

|

Environmental viruses
Target specific bacteria

Head containing DNA

Neck

Baseplate

Bacterial surface — DNA being introduced
into the bacterial cell —



Ferry T. et al. 2020
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History of phage therapy

 Felix d’Herelle
* |nstitut Pasteur, Paris
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History of phage therapy

 Felix d’Herelle
* |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

e b
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History of phage therapy

Felix d’Herelle
Institut 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 Eliava institute in Georgia
and the “Laboratoire Francais des
Bactériophages” in Paris




History of phage therapy
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j" Bactériophages” in Paris




Docteur André RAIGA

Ancien Inteyne lauréat des Hopitaux
Ex-Chef de Clinique chirurgicale @ la Faculté

At the stage of bone necrosis, it will only succeed in
stopping the progression of the infection, but it will be able to do
nothing against the dead bone deprived of circulation; this bone
will become sequestered and the lesion is no longer a matter of
surgery. To do otherwise is to commit, in my opinion, an error of
therapeutic indication.

Au stade de nécrose osseuse, 1l ne
réussira plus qu’'a cnrayer la progression de I'in-
fection, mais il ne pourra plus rien contre I'os que
la mort a privé de circulation ; cet os va se seques-
frer et la lésion ne reléve plus maintenant que de

la chirurgic. Agir autrement c’est commettre, a
mon sens, une erreur d'indication thérapeu-

tique. (061
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Le Journal de Médecine de Lyen | After d’Herelle, the story continued in Lyon

Traitement des infections a bacilles pyocyaniques
par des bactériophages adaptés par sélection.

Par MM. André Berroyve et A.-l.. Counrmigv.

Les bacilles bvocvanigues sonl fréguemment résistants aux _antibiotiques
usuels. Cepeny == . . cutanées,
wines. ol Antimicrobial resistance | . i
attribuées semble ¢ire en anugmenlalion. IL.ewur caraclere rebelle est une de leurs
caractéristiques. 1 . thérapeutique
différente de celles Phage banklng n connaissail
l'existence de bact . lais U'emplor
de stock-bactériop Phage tralnlng mlre, I'adap-
lation par sélectioraTme varTere ac vATIETTOPAART @ 1@ Soncne vsoiée du malade
permel une actio _ . sur bouillon
nulritif ordinaire Men|ng|t|s st par conlre
indispensable de | . .
pouvoir U'introdu Skin and soft tissue
inlraveineuse, ini . .

Un certain 1 BOne and jOlnt

celte publication.

_ LYON-Croixz~Rousse - Enirée de Hopital - |

Clinique des Maladies Infectieuses, Hépital de la Croix-Rousse
Hospices Civils de Lyon 1958-1960
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Bactériophages thérapeutiques
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Large production of antibiotics in
1970-1980 killed the phage therapy

Industrial production
Large spectrum
Bactericidal activity
Oral and IV

Systemic diffusion |
to the infected site »' i

Numerous different
kinds of families, 80s
with different

mechanism of action

FDA Antibiotic Approvals
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Systemic diffusion
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FDA Antibiotic Approvals

Complex virus-based personalized

treatment without clear industrial

\ process, not considered as a drug
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FDA Antibiotic Approvals $g$
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Large production of antibiotics in
1970-1980 killed the phage therapy

Industrial production | .
Large spectrum Phages as the Phoenix? [ é\f,«v\*
Bactericidal activit;] Y 4
Oral and IV |

Systemic diffusion|
to the infected site

Numerous different
kinds of families, L = Son e
with different
mechanism of actions VS-QA ,\




Cocktails produced in 2020
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
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Efficacy and tolerability of a cocktail of bacteriophages to
treat burn wounds infected by Pseudomonas aeruginosa
(PhagoBurn): a randomised, controlled, double-blind
phase 1/2 trial

Patrick Jault, Thomas Leclerc, Serge
Ronan LeFloch, Jean Vivien Schaal, C

100

90

80

70

60

stained reduction in bacterial burden (%)

10Sa

RECYDES
RMA

: Time to observe reduction
Kaplan-Meier analysis of median time
highest daily bacterial burden compared with day 0. HR=hazard ratio. PP1131=cocktail of 12 natural lytic

anti-Pseudomonas aeruginosa bacteriophages. Lancet Infect Dis 2018
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PHOSA & Phagothérapie Consortium PHOSA Communication Contact

PHERECYDES
PHARMA

Phage discovery
to find active

bacteriophages

.. against Staphylococci
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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
antibiotics without undergoing genetic change”

Conventional

antibiotics
&
“Conservative”

surgery

Intracellular survival Biofilm formation
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Persisters in chronic BJi

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




Persisters in chronic BJi

“Bacterial cells that escape the effects of 2
antibiotics without undergoing genetic change” 4?

Bacteriophages
have anti-persister activity




Biofilm inoculum variation
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C. Kolenda et al. Antimicrob Agents Chemother 2019
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Toxic dose
of vanco
has an
anti-biofilm
activity
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C. Kolenda et al. Antimicrob Agents Chemother 2019

\ ° . 1 No Antibiotic
) CRLQAC ey

1 MIC
‘Vanccmycin i Bl C...(4"MIC)

Synergistic activity
Antibiotic + Phages
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Antibiofilm activity!

Biofilm inoculum variation
(compared to untreated biofilm)
N

1
»

Bacteriophages concentration (PFU/mL)



REFERENCE CENTERS FOR THE MANAGEMENT OF BONE AND JOINT INFECTION

E N “CRIOAC”
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Adapted from Ferry T, et al. Orthop Traumatol Surg Res. 2019;105(1):185-190



REFERENCE CENTERS FOR THE MANAGEMENT OF BONE AND JOINT INFECTION

http://wyrscrioac-lyon.fr
C RI o AC Lyo n @CrioacLyon

Rrect M ¥ Re|mg\ O ;ﬁ:trasbourg
g‘ > & RIOAC

Pr. Tristan Ferry Pr. Sébastien Lustig
MD, PhD MD, PhD
Infectiologist Orthopaedic surgeon

N

IHI Pr. Frédéric Laurent
= #8 PharmD, PhD .
éBPn Microbiologist sy Better understanding of the

pathophysiology of BJI
i Inserm

arseill S )
(Jl )

Promotion of innovative
treatments
Centre de Ress B ologiques res|

Adapted from Ferry T, et al. Orthop Traumatol Surg Res. 2019;105(1):185-190
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_ . . ™ WORLD
Declaration of Helsinki F | MEDICAL

Medical Research Involving Human Subjects WAAA ASSOCIATION

Special Communication

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

Involving Human Subjects Avicar Wechcal Associaion

World Medical Association

* Unproven Interventions in Clinical Practice

. 37. In the treatment of an INAIVidual patient, where proven interventions
do not exist or other KNOwn interventions have been
ineffeCtive, the phySiCian, after seeking expert advice, with informed consent
from the patient or a legally authorised representative, ITIdY USE€ an UNProven
intervention i in the physician’s judgement it offers
hope of SaVing Iife, re'eStainShing health o alleviating suffering.

In France: compassionate use,

magistral preparation by the hospital pharmacist



Phagotherapy and bone and joint infection

Non GMP
bacteriophages
in liquid form

No « injections »
Iterative oral and local administrations

No action on mechanical problems
No action on soft tissue coverage

Kutateladze M. Trends Biotechnol. 2010




Partial bone necrosis
requiring surgery

Skin and soft tissue damage
requiring surgical coverage

A

MAJOR BIOLOGICAL LIMIT:

Bacteriophages have not the
capacity to perform bone

debridement nor to regenerate
skin and sof tissue

S

Patient with a relapsing infection after Phage therapy in Thilissi



Clinical case #4

80-year-old man

Relapsing MSSA prosthetic left
knee infection (past revision)

Failure under suppressive oral
antimicrobial therapy

Complex orthopaedic situation
with past femoral fracture

Impossible to walk (painful knee)

Ferry T. et al. 2020

‘," frontiers
In Medicine
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Clinical case #4

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
Retention” (DAIR)
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“Pha go DAIR” in Medicine
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One shot peroperative phage
application after “DAIR”




Clinical case #4

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.




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

The Potential Innovative Use of

Tristan Ferry ¥, Fabien Boucher, Cindy Fevre, T Bacteriophages Within the DAC®
Jérdome Josse, Christian Chidiac, Guillaume L’ho Hydrogel to Treat Patients With Knee
Megaprosthesis Infection Requiring
“Debridement Antibiotics and

Journal of Antimicrobial Chemotherapy, Volume §

Implant Retention” and Soft Tissue

Open Forum Infectious Diseases Coverage as Salvage Therapy

Tristan Ferry "%, Cécile Batailler>**, Charlotte 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

Salvage Debridement phage therapy as adjuvant to ¢ frontiers

Implant Retention (“] . il
Lofal Injection of a S conservative surgery and antibiotics to

of Bacteriophages: Is}] Salvage patients with relapsing S. aureus
an Elderly Patient W§ prosthetic knee infection

Staphylococcus aure ;
p y Tristan Ferry1 , Camille Kolenda1, Cécile Batailler‘, Claude-Alexandre Gustave', Sebastien
Infecthn? Lustig1, Matthieu Malatray‘, Cindy Fevrez, Jérome JOSSE‘, Charlotte Petitjean’, Christian
Chidiac1, Gilles Leboucher1, Frederic Laurent’

Ferry T. 2018 |




Conclusion @ Crioae @
« Ciment aux antibiotiques
 Pharmacocinetique de libération des antibiotiques
« Synergie des combinaisons
« Ciments commerciaux # Rajout manuel
» Substituts osseux aux antibiotiques
 Pharmacocinetique
« Haut potentiel dans I'ostéomyélite chronique
» Essai thérapeutique CONVICTION
- Bactériophages - Phagothérapie
« Expertise CRIOAc Lyon
- Phages 2.0 > 19 patients traités en 3 ans
* |ndications pertinentes ?
« Besoin d’'un centre expert national
« Développer des essais thérapeutique (réseau CRIOACc)
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