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Two major issues, sometimes combined

Device-related
infections

AMR: Antimicrobial resistance
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Table 1 The wide range of non-traditional antimicroblal agents

Category Examples — i Example
Antibiotic-sequestering pec * Traditional & ey » Gram-negative
antibiotic-degrading small molecule | activity from colistin

* Phage + approved Gram-
* Antisense Trr R positive antibiotic

b that produce the
anthrax, Sghthena,

Bactencphage (both wild-t Example . — JS— .

Virulence CUgIOn: nesiote, Example

Host emmane response mofl o CSF
(stimulating and immunc factor inhibitor * BL-BLI (Beta-lactam

Lysins or anti-toxin beta-lactamase :
Metal chelation antibody inhibitor) s

+ approved antibiotic combinations

Microbiome and probiotcs

carriage of resistart or pathogenic bactens (Narrow

Table 3 Development options for the four categories

Design options Would data from a non-inferiority study be To what extent is a demonstration of
s _adequate for approval® superiority required for approval?®
Standalone Yes Optional

Trarsiorm Yes Optional

Augment No Required

Restore Yes Usually optional

i 2 poaadie to acheeve It el approw By udprg the prodact n & haad tobead nonaleronty study i which the novel peaduct is compared with an exaling agerd in & waes drug reshtance (VDR
witng where the comparstor agenrt han retared actiwty?

ecogaang e conflicting Season arcund wee of wuperionty dudes for approving sew agends (see 1nt), doss demomutration of the value of the novel agent eBectively reguire & wperionty study?
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Anti-virulence approaches
Microbiome-Modifying Therapies
Phages and phage-related therapies



Anti-virulence approaches

Table 1. Monoclonal Antibodies in Clinical Development

Monocional Antibody, Company Clinical Developmant Anti-virulence Target Inchcation
Suvratoxumab (MEDISOS), phase 2 S. awreus a-toxn prevention of VAP caused by S, sureus
Medimmune
AR-301 (Salvecin, Tosatoxumab), phase 3 5. aureus a-toxin achunclive therapy for VAP caused by S. awvews
Arihs
MEDIZD02, Medimmune phase 2 P. sovuginosa T35S pravention of VAP causad by P, seruginosa
neadie-tip protein Pory
and Psl exopolysacchande
AR-105 (Aernucin), Ands phase 2 P. songnosa algrate acjunctive treatment of VAP caused by
P. aoruginosa
514G3, XBwotch phase 1/2 S. aureus protein A adunctive treatment of bloodstream infections
caned by S, aueus
ASN-100, Arsanis phase 2 S. aureus a-toxin and five failed 10 prove its effectivensss in high-risk,
loukocians mechanically ventilated patients with
S. aurous pnoumonia
For indormation about the status of RED of antibodhes, small molecules, and other SDErOaches 10 New Lredtments, Dleass 568 www dncalirals gov or

the websiie of the developer organizaton.




Table 3. Current Approaches to Manipulate the Microblome

Approach Indicaton

Comments

Transter of human intestingl Prevention of recurrent CDI
microbeola

FMT: Transfer of stool suspansion from a Jonor via colonoscopy,
enema, Nasogastnc routes or pils (Finch, Open Biome)

Fecal microbiota suspension: standardzed number of Iive bactena
from Stool SuSpension from doNors via enema or capsules, GMP

produced (Rebiotix (Feringl)

Microbiome-Modifying Therapies [

Synthatic microbiota Intestingdl, dermatoclogical

donors via capsules (Seres)
Selected ive bacteria producing speciic metaboltes or cocktad of

(e.g.. slopic dermatitis), ung secondary metabolites

condtions (e.g., CF)

Manipulating the metabolism of -

microbiota

Competition Preventsion of recurrent CDIL
catheter-associated UT)

Enginaering prot=otics 10 daliver Various indhcations (Baumier
antibacterial peoteins s Specandio, 2016)

Prevention of disbalance of Prevention of recurrent COI
microtsome dise 1o antibiotic

therapy

Decolonization of MDR Gram-  Various indcations
negative pathogens in high-rak

patients

Solocted ive bacteria from skin microbiota (MatriSys Bio)

Selected live bacteria for balanang the lung microbiota
Manipulating the metabolic balance through specific bacterial
mutrients, e.g., Glycans (Kaleido)

Non-toxinogenic C. dificie that is assumed to culcompete the toxic
Apathogenic E. coll ntroduced nto the biadder via catheter

coating (Atterx)

Engineerad Lactobaciius 10 express bactenocin against

P. sevuginosa (inhaled, CF) and C. cificie (SciBac)

Engneared Laciobaciis 10 express SagA protein that promotes
tolerance to entenc infections including C. dificde infection

(Fise Therapeutics)

R-type bactenocns agairst C. difficile

Mydrolyzing specific beta-factam artbiotics in the gut (beta-lactamase,
Synthetic Biologics, DaVolterra)

Decolonzation of asymptomatic camers with ve bactera
(@.9., camsers of C. aificie, MOR Gram-negative pathogens in high-risk patients,
Satmonela Typhs)




Phages and phage-related therapies

Table 4. Current Approaches Using Phages

Approach Compasition

Foed phage cockiails Fixed composition of ic phages to achieve a broad host range of a bacterial species

Individualized phage cocklal The ylic phages are stored indivicually in a phage bank with established QC. Only the
most active phages based on rapid Gagnostic 1ests are salected for an indvidual patient

Genetically engneerad phages Engneered phages with improved or spacific characterstics

Genetically engneered non-repicating Engineered phages 1o express addtionally antimicroblal peptides or protein 1oxins leading

phages as vehicles o rapid, nonytic bacterial death. May deliver CRISPR-CAas3 genes directly into bactena

Phage products, e.g., endolysins Natural or recombinant coll wall hydrolyzing phage-based enzymes. Endolysing against

S. aureus are In cinical development




2020 ANTIBACTERIAL
AGENTS IN CLINICAL AND
PRECLINICAL DEVELOPMENT

an overview and analysis




A.1. Products by type A_2. No. of non traditional A.3. Products by pathogen category and phase
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Fig. 7. Number of non-traditional antibacterials in the clinical pipeline.
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Name (synonym) Antibiotic class Route of administration | Expected activity

(developer) against priority
pathogens
B CF-301 (exebacase) Phage endolysin iv (ContraFect) S. aureus
B SAL-200 (tonabacase) Phage endolysin iv (iNtRON Biotechnology, S. aureus
Roivant Sciences)
B PhageBank 142 Phage bank (process) oral (Adaptive Phage E. coli,
Therapeutics and US K. pneumoniae

Department of Defense)

B LBP-ECOT 1b CRISPR-Cas3 enhanced phage Iv (Locus Bioscience) E. coli,
K. pneumoniae

[ \

Traitement adjuvant dans les bactériémies a S. aureus



Name (synonym) Antibiotic class Route of administration

(developer)

Expected activity
against priority

B CF-301 (exebacase) 3 Phage endolysin iv (ContraFect)

B SAL-200 (tonabacase) 2a Phage endolysin iv (iNtRON Biotechnology,
Roivant Sciences)

B PhageBank Phage bank (process) oral (Adaptive Phage
Therapeutics and US
Department of Defense)

B LBP-ECOT CRISPR-Cas3 enhanced phage Iv (Locus Bioscience)

pathogens

S. aureus

S. aureus

E. coll,
K. pneumoniae

E. coli,
K. pneumoniae

Traitement vs placebo dans les colonisations ou infections urinaires



Name (synonym) Antibiotic class Route of administration | Expected activity

(developer) against priority
pathogens
CF-301 (exebacase) 3 Phage endolysin iv (ContraFect) S. aureus
SAL-200 (tonabacase) 2a Phage endolysin iv (iNtRON Biotechnology, S. aureus
Roivant Sciences)
B PhageBank 1/2 Phage bank (process) oral (Adaptive Phage E. coll,
Therapeutics and US K. pneumoniae
Department of Defense)
B LBP-ECOT 1b CRISPR-Cas3 enhanced phage Iv (Locus Bioscience) E. coli,

K. pneumoniae

+

Phagos (PHRC 2015) 1/2 Bacteriophage cocktail Local (Pherecydes) S. aureus
PhagoPied (PHRC 2015) 1/2 Bacteriophage cocktail I . Local (Pherecydes) S. aureus
PhagoDAIR 1/2 Bacteriophage cocktail Local (Pherecydes) S. aureus



What is a bacteriophage?

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

e Viruses that infect ONLY bacteria

Classification (myoviridae, podoviridae, etc...)

A phage is specific to A TYPE of bacteria

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

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




10 to 100 fold smaller than a bacteria |

Translucent tap water

Phamaceutical
preparation
108 of THREE

bacteriophages/mL

(targeting S. aureus)

T. FERRY

X million of #

BactériophageS !

(targeting environmental bacteria)




Kl K3
Story of phage Therapy i

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

LELABORATOIRE DUBACTERIOPHAGE =

imE— | BACTE-STAPHY-PHAGE

Bacle -co/i-pbayei iliaclo thino phage |

Colibacillures . Pyelonephries Cyatiles . rza . Rhvno pharyngrtes "

|
Bacté -inlesli phage
Enterites Colites.Dwarrhees infantiies

O e

Pananis . Phlegmons . Plares Infecttes

p AGENTS GENERAUX v s
' LABORATOIRES ROBERT & CARRIERE _ 37, rue de Bourgogne p. e T Fe rry

L LABORATORE 00 BACTRRIOMASE
POMNDE PAR Bt ORISR DR

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



Story of phage Therapy in Lyon A

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.




Lie Journal de Hédecine 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 Benroye et AL, Covwrin
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Clinique des Maladies Infectieuses, Hopital de la Croix-Rousse
Hospices Civils de Lyon 1958-1960




Méningite purulente 2 colibacilles
traitée par un bactériophage adapte intrarachidien

Par .MM. P. SEDALLIAN, A. BERTOYE, J. GAUTHIER.
J.-M. MULLER et A.-L. COURTIEU.

Clinique des Maladies Infectieuses et Institut Pasteur de Lyon

Une injection intrarachidienne d'1/10 de centimétre cube n'ayant été
suivie d’'aucun accident, on commence, dés le lendemain 30 septembre,
le traitement aux doses thérapeutiques : 1 centimétre cube de bacté-
riophage intraventriculaire "et 1 centimétre cube intrarachidien par
vingt-quatre heures., Rapidement, le nombre des éléments du liquide
céphalo-rachidien s'effondre & 356 contre 1.800 deux jours auparavant.
Deés lors, la situation va s’améliorer trés vite et on peut espérer la
partie gagnée, malgré la persistance dans le liquide céphalo-rachidien
d'un taux d’albumine aux alentours d'un gramme et de 50 a 200 élé-
ments.

A une demande de M. Roche, M. Bertoye précise gque nombre d¢
germes peuvent étre dotés d'un bactériophage. I1 faut quatre a cing
jours pour l'adaptation du bactériophage: ce ne peut donc pas étre
une meédication d’urgence.

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




Source: H. De Montclos (Institut Pasteur Lyon) 1986 L lN STITUT BACT ERlOLOG lQUE
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The phage life Ferry T. et al.
o s

oA niecton 2020:24(1):49-56

Environmental viruses
Head containing DNA Target specific bacteria

Bocterol surface — DNA being inhoduced|
into the bacteriol cell —
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Th e p h 3 ge ‘ Ife Cell recognition Ferry T. et al.

1o VireIogic
DNA repllcat|on/ n inectlon 2020:24(1):49-56

DNA integration

Virion assembly
‘ Immune cell
Prophage activity =——— function

Bacterial lysis and suppression
’8 1release of new virions
| f%?— s | Virulence Antimicrobial
| i > factors resistance

Lytic cycle Lysogenic cycle

Self-maintained bacterial lysis Bacterial genetic remodeling
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Th e p h a ge ‘ Ife Cell recognition Ferry T. et al.
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1 Virion assembly

@"}{ ‘ Immune cell

Prophage activity =——— function
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Lytic cycle Lysogenic cycle

Self-maintained bacterial lysis Bacterial genetic remodeling
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Self-maintained bacterial lysis Bacterial genetic remodeling




Only lytic phages have to be used

S. aureus being lysed
by the Sa2 phage

Bacterial DNA appeared in
green

Courtesy Pascal Maguin
Luciano Marraffini Lab

THE ROCKEFELLER UNIVERSITY




Implementation of a Phage Therapy Center in a CRIOAc
250 km PHAG Eml.YON

CLINICAL
MICROBIOLOGY
AND INFECTION

FERRY T. et al. In press

@
Managed in CRIOAc Lyon
For whom a phagogram was 7 10 17 23 57
) ' performed (1.2%) (1.7%) (2.6%) (4.4%) (2.4%)
" Jl For whom phage therapy was 4 2 8 7 21
® @ | (0.7%) (0.3%) (1.2%) (1.3%) (0.9%)

2318

Q®OI0A @O Endocardite @O Pneumonies



Implementation of a Phage Therapy Center in a CRIOAC

250km 1 PHAGELYON
1 (RIoAC @ i
o CM I gz 29 patients traités aux HCL
FERRY T. et al. In press depuis 2017 " Jo)

'+ 26 avec des phages de
() PHERECYDES

PHARMA

° 3 avec des phages €8
o ® '+ 3avec des phages @S
/K ) a
o ‘ o ©® . 26 10A (dont 22
® ® o® infections de prothése)
» 3 endocardites
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PHAGEixLYON team

0 1. 2 3 4 S €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

aANSIT

Agence nationale de sécurité du meédicament
et des produits de santé

French Health Authority

Extemporaneous
magistral
preparation of the
mix of
bacteriophages

4 - -




Case series

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

Tristan Ferry ***, Camille Kolenda***5, Cécile Batailler***,
Claude-Alexandre Gustave“***, Sebastien Lustig**®, Matthieu Malatray*®, Cindy Fevre’,
Jérome Josse****, Charlotte Petitjean’, Christian Chidiac '**¢, Gilles Leboucher® and

Fredeéric Laurent***® on behalf of the Lyon BJI Study group

CASE REPORT

- frontiers published: 16 November 2020

in Medicine “ P h D a I R doi: 10.8389/fmed.2020.570572
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Fistula and
purulent discharge



“PhagoDAIR”

. ll ' . ' -
Y ‘ “r “'

One shot peroperative phage
application after “DAIR”




“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.




& frontiers T. Ferry et al. R

in Medicine doi: 10.3389/fmed.2020.570572




& frontiers T. Ferry et al. s

in Medicine doi: 10.3389/fmed.2020.570572




& frontiers T. Ferry et al. s T

in Medicine doi: 10.3389/fmed.2020.570572




Arthroscopic “Debridement Antibiotics and Implant Retention” with phages to salvage
Pseudomonas aeruginosa prosthetic knee infection

Phage 1450

e LOW MOI
1 g Intermediste MOI
e High MOI

. . ™
..'? "
£ -04
y, T
i | - Nophage
§
s
-
~
- .M

[ Phagogram (Killing assay) |

i‘ frontiers
in Medicine

RS S A
= | Arthroscopic DAIR
S . R 4 —‘t_:."'.

W1 7 N\ 7,

"‘Q\ ~ . A
o T g
N

™~
Left PKI with purulent h
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 ®
Megaprosthesis Infection Requiring
“Debridement Antibiotics and

Implant Retention” and Soft Tissue £
. Coverage as Salvage Therapy

i 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
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Where to find phages for clinical use?

 Pherecydes Pharma O PHERECYDES

PHARMA

 Phage community

Under the supervision of

anNsrm

French Health Author|ty )
®



Where to find phages for clinical use?

 Pherecydes Pharma g PHERECYDES

PHARMA

 Phage community

Under the supervision of P H AG - N E
E X

Agence nationale de sécurité du médicament MIN|STERE
o op e b Ay DE ENSEIGNEMENT
- SUPERIEUR,
French Health Authority DE LA RECHERCHE

ET DE 'INNOVATION
. Liberté

Egalité
Fraternité

Purified academic phages

- P H AG Eln I-YO N | Usable in the next 5 years
Lyon 1 CRMC @ ‘\ FRI PHARM
cirif=S




What is a lysin?

Cell recognition

O &3

1 Protein synthesis

DNA injection
DNA replication/

‘ DNA integration

\4

Virion assembly
& lysin production

R

Bacterial lysis and
release of new virions

Lytic cycle

Self-maintained bacterial lysis Bacterial genetic remodeling

‘ Immune cell
Prophage activity m—— function

l \ suppression
Virulence Antimicrobial
factors resistance

Lysogenic cycle




What is a lysin?

Vincent A Fischetti

@microbephage

@FerryLyon

g 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 = Tuefouna o

wix  Infectious

Treating Methicillin-Resistant Staphylococcus @mm Discases
aureus—Induced Murine Bacteremia '

Raymond Schuch,' Han M. Lee,’ Brent C. Schneider,’ Karen L. Sauve,' Christina Law,' Babar K. Khan,' Jimmy A. Rotolo,'
Yuki Horiuchi,' Daniel E. Couto,’ Assaf Raz” Vincent A. Fischetti,” David B. Huang,' Robert C. Nowinski," and
Michael Wittekind'

'Contrafect Corpoeation, Yonkers, NY, and “Depariment of Bacienal Pathogenes:s and immunology, The Rockedeller Universaty, New York, New York

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



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

w INfectious

Treating Methicillin-Resistant Staphylococcus @ Discases
aureus—-Induced Murine Bacteremia « N

Raymond Schuch,' Han M. Lee,' Brent C. Schneider,' Karen L. Sauve,' Christina Law,’ Babar K. Khan,' Jimmy A. Rotolo,"
Yuki Horiuchi,' Daniel E. Couto,’ Assaf Raz. Vincent A. Fischetti,” David B. Huang,' Robert C. Nowinski," and
Michael Wittekind'

'ContraFect Corpeeation, Yonkers, NY, and “Depanment of Bacienal Pathogenests and mmunology, The Rockedeller Universaty, New York, New York
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CLINICAL MEDICINE The Journal of Clinical Investigation
2020

Exebacase for patients with Staphylococcus aureus
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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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—

v
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phage therapy, Regulatory barrier, 1
N= 17 (addiuonal 9 _ Unknown reason, 8
pending)

Figure 1. Flowchart depicting outcome of all bacteriophage therapy requests
at the Center for Innovative Phage Applications and Therapeutics. Abbreviation:
IPATH Center for Innovative Phaae Aoplications and Therapeutics
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Conclusion

Real potential for non-traditional antibacterial therapies

Distinguish:

* Anti-virulence approaches

ESCMID STUDY GROUP
* Immunomodulators (@) E S G N TA FOR NON-TRADITIONAL
OOO ANTIBACTERIAL THERAPY

* Microbiome-Modifying Therapies
* Phages
* Phage-related therapies (Lysins)

Phages have a real potential in prosthetic-joint infection

* Need for EMA positioning about the status of phages

* Need for industrial and academic developement of therapeutic phages (discovery,
banking, susceptibility testing) in connection with health care authorities

* Need for creation of nation-wide reference centers dedicated to phage therapy

» Need to perform clinical trials to evaluate the ability of these innovations to improve the
outcome

Lysins are evaluated in S. aureus bacteremia, but could be also active against
coagulase-negative staphylococci

* Has also antibiofilm activities (as bacteriophages)
* Has to follow the classical way of a drug

European Society of Clinical Microbiology and Infectious Diseases

INTERNATIONAL COLLABORATIONS

| NATIONAL PHAGE THERAPY REFERENCE CENTER |
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