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Phage therapy is fascinating

• Viral therapy for bacterial infections
• Story of phage therapy is connected to worldwide geopolicital events
• Potential incredible preclinical efficacy
• Failure to implement phage therapy in the west

Courtesy Pascal Maguin
Luciano Marraffini Lab

S. aureus being lysed
by the Sa2 phage

Bacterial DNA 
appeared in green

WWII



• PYO Bacteriophage
• FERSIS Bacteriophage
• STAPHYLOCOCCAL Bacteriophage
• SES Bacteriophage
• INTESTI Bacteriophage
• ENKO Bacteriophage
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Bacteriophage (Myoviridae) targeting S. aureus

Merabishvili et al. PloS ONE 2009
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Russian Phages

1 000 000 000 boxes produced each year
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Previous clinical trials have not « failed »

• Most of them were phase I/IIa/IIb and not phase III
• Phages are particular anti-infective agents (≠ antibiotics)
• 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

Don’t forget the lessons of the past

Respect the experience of the East

Contemporary T. FERRY
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THE MYTHOLOGY
OF PHAGE THERAPY
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The pyramid of bacterial infectious diseases
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infections

Phages as adjuvant
To increase the rate of clinical success

Phages to replace antibiotics
To limit the presciption of antibiotics

RCT design
SoC vs. SoC + Phages

RCT design
SoC vs. Phages

SoC: Standard Of Care

What is the strategy for 
phage therapy?

Increasing burden of
antimicrobial resistance

#AMR



The pyramid of bacterial infectious diseases

Frequency

Severe bacterial
infections

Relapsing severe
bacterial
infections

Nonsevere bacterial
infections

Phase 1 (n ≈ 20-80)
Phase 2 (n ≈ 100)
Phase 3 (n ≈ 1000)

Clinical trials

Clinical trials not feasible
High level of personalized therapy required

Cumulate
Active interventions
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The pyramid of bacterial infectious diseases

Frequency
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bacterial
infections

Nonsevere bacterial
infections

DEDICATED NETWORK
FOR COMPLEX BONE AND JOINT INFECTIONS
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The pyramid of bacterial infectious diseases

Frequency

Severe bacterial
infections

Relapsing severe
bacterial
infections

Nonsevere bacterial
infections

LOCMultidisciplinar meetings (n)
Patients (n)
Complex cases (n)

2019
2018
2017
2016
2015
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The pyramid of bacterial infectious diseases

Frequency

Severe bacterial
infections

Relapsing severe
bacterial
infections

Nonsevere bacterial
infections

New antibiofilm drugs

Antibiotics-loaded cements

Antibiotics-loaded bone substitutes

Subcutaneous suppressive therapies

NTA Non Traditionnal Anti-bacterial therapies (phages and lysins)
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40 patients in Lyon since 2017 
75% of of whole treated patients in France

• 37 with phages from

• 3 with phages from

• 33 BJI (inclusion 29 PJI)
• 4 endocarditis/vascular graft
• 3 lung infections (VAP + bacteremia, 

pneumonia in lung graft bronchectasia, 
cystic fibrosis exacerbation)

+ 8 patients managed outside Lyon
including 1 patient in Sweden

250 km

BJI Endocarditis Pneumonia

Implementation of a Phage Therapy Center in a CRIOAc

FERRY T. et al. 2022

UPDATED

Under the supervision of



A large panel of severe bacterial infections
Some positive signals
in these infections

The patient is his “own control”

Follow-up

Under the supervision of

French Health Authority



A large panel of severe bacterial infections
Some positive signals
in these infections

• Relevant clinical conditions based
on the Helsinki declaration
• Especially in patients with:

• life- or functionnal- threathening
severe infections

• infected with multidrug resistant
pathogens

• A case report has a low scientific
evidence
• Only case reports with a positive 

outcome are published
• Huge challenge for the phages

Do not conclude that phages have no 
place if the outcome is negative

The patient is his “own control”

Follow-up

Under the supervision of

French Health Authority



A large panel of severe bacterial infections
Some positive signals
in these infections

• Relevant clinical conditions based
on the Helsinki declaration
• Especially in patients with:

• life- or functionnal- threathening
severe infections

• infected with multidrug resistant
pathogens

• A case report has a low scientific
evidence
• Only case reports with a positive 

outcome are published
• Huge challenge for the phages

Do not conclude that phages have no 
place if the outcome is negative

HOWEVER

The patient is his “own control”

Follow-up

Under the supervision of

French Health Authority
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C. Kolenda et al. Antimicrob Agents Chemother 2019

Toxic dose
of vanco
has an

anti-biofilm
activity

Phages have antibiofilm activity
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Synergistic activity
Antibiotic + Phages
Antibiofilm activity!

C. Kolenda et al. Antimicrob Agents Chemother 2019

Phages have antibiofilm activity



Premiers cas cliniques traités en 2017, publiés

26

Ferry T. 2018 Open Forum 
Infectious Diseases



Premiers cas cliniques traités en 2017, publiés
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Under the supervision of

French Health Authority









Série de cas procédure HCL « PhagoDAIR »
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#PhagoDAIR
Debridement Antibiotics and Implant Retention



PhagoDAIR I
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

Inclusion Criteria
1. S. aureus monomicrobial knee or hip PJI ˃3 months after prosthesis

implantation with clinical signs of infection with indication of DAIR
and Suppressive Antibiotics Therapy (SAT).

2. Phagogram displaying the susceptibility of the strain to at least one
of the anti-Staphylococcus aureus bacteriophages

Primary Objective
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.



SATPrimary
antimicrobial
therapy

PhagoDAIR I
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

Study design

PhagoDAIR

Salvage procedure

Salvage procedure



2020

2021

NO SURGERY! 40 doses of exclusive INTRAVENOUS phages (1 injection each weekday)

Single LOCAL injection during DAIR



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
Chronic Prosthetic Joint Infection Who Previously Failed Surgery
for 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 
Patients 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

Etc.



Oral antibiotics

Local therapy
Surgery

No surgery
Arthroscopic DAIR
Open DAIR
Prosthesis exchange

Local phages

IV antibiotics
IV phages

Is PJI treatment
a threesom?



Oral antibiotics

Local therapy
Surgery

No surgery
Arthroscopic DAIR
Open DAIR (SoC)
Prosthesis exchange (SoC)

Local phages

IV antibiotics
IV phages

Is PJI treatment
a threesom?



Oral antibiotics

IV antibiotics
IV phages

Is PJI treatment
a threesom?

Local therapy
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No surgery
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Local phages



Gregory Resch

Lyon Phage team Jean-Paul Pirnay

Unique European academic collaboration

Under the supervision of

French Health Authority



THE MYTHOLOGY
OF PHAGE THERAPY
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Clinical
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Phage therapy is fascinating
But it is not relevant

for all bacterial infections

Medical care
could not be exclusively based

on clinical trials



Referral center complex BJI

+
Phage therapy center

Phages from the industry
Phages from academic

Lysins from the industry

Dedicated referral activity
Significant number of patients 

Relevant clinical situations

Disruptive approach
Individual

patient benefit
Significant level of
Scientific evidence



The pyramid of bacterial infectious diseases
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Conclusion
• Use only pharmacological-grade therapeutic phages, under the 

supervision of health-care authorities
• Some severe bacterial infections seem to be relevant indications
• Create referral centers where phages from the industry and/or from 

academic structures could be used as compassionate therapy
• Treating patients with phages in these centers helps to:

• Treat individual patients with relapsing infections in dead-end clinical situation
• Better understand the phage pharmacokinetic in the context of infection
• Evaluate the best ways of administration and the optimal exposition to phages
• Design relevant clinical trials in less severe clinical conditions

• The phage therapy 2.0 era is just open

• From the mythology to reality

T. FERRY
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Croix-Rousse Hospital



http://www.crioac-lyon.fr

- Published cases
- Open acces studies in pdf
- All thesis in pdf
- All recommendations
- Newsletter

@CrioacLyon

http://www.crioac-lyon.fr/

