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Belgian magistral phage medicine concept

PHAGE « Characterized phages

M » Stored using a (tiered)
banking system
Seed lot 95

* A phage API (single phage) is produced
CONTROLLED using a suitable host

You can use my
hac

S RANSNRRA'NEN - Produced according to a monograph

Active Pharmaceutical

* External lity testin n
Ingredient (API) ernal quality testing based on a

monograph, performed by a “Belgian
Approved Laboratory”

HOSPITAL * Upon prescription

PHARMALY * One or more phage APIs are v 1They are GMP certified,
Magistral selected (phagogram) | I,_E]h i
preparation * Phage APIs are mixed with a

carrier (e.g. a hydrogel)

NO (centva
Patient

Pirnay et al. The Magistral Phage. Viruses. 2018;10(2). pii: E64.



Phage Active Pharmaceutical Ingredient (APIl) Monograph
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GENERAL MOMNOGRAPH — VERSI Phage active pharmaceutical ingredients
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- No known toxin/ABR genetic
determinants

- Screening of production host

[PHAGE ACTIVE PHARM
INGREDIENT

DEFINITION

Phage active pharmaceutical ingredient
‘bacteriophages (phages in short), whu:t
becteria. Phages are composed of prote
DA or RNA genome, and may have ¢
claharate stuctures. Phapes replicate w
following the injection of their genome
Phages are among the most abundant a
in the biosphere. In gencral, phages are
TAtIre.

Phage APIs are intended for use as act’
| phage magisiral preparations for in i
'" infections (phage therapy).

| Phage APIs are available as suspension
piages. in physiological solutions {e.g.,

soluzions] that may contain a buffer or ¢

ey, g 2) Every API batch

peeparations, they are intended to be dil
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The fallowing er is given for information

5.31. PHAGE THERAPY MEDICINAL
PRODUCTS

This general chapter is published for information.

It affers a framework of requirements for phage therapy active
substances and medicinal products for human and veterinary
wse and their production and control.

The provisions of the chapter do not exclude the use of
alternative production and control methods that are acceptable
ta the competent authority.

1. DEFINITION

Bacteriophages (phages) are viruses that infect bacteria and
depend on their E:c(en al host for n:almu_ Phages consist

ﬂlfml&s}lm

The official varsion will appear in Ph. Eur. supple nt 11.6.
Micmbl.nl ty. The absence of microbial contaminants is
by plating or any other suitable method.

thl]]ly The number of viable cells is determined h}' plate
count or any other suitable viable cell count method.
Phage senailiﬂlllyb. The susceptibility of the strain to the phage
therapy active substance is demonstrated using a plaque assay
or any other suitable method.
Absence of detrimental . The absence of phage
particles that could be detrimental to the quality of PTMPs
'ls confirmed.

cell bank (WCB) is used for production, it
lsan:lnual erivative of the MCB and complies with the
requirements for MCE.

2-3. PHAGE SEED LOTS
seed lots used in PTMP luction are derived from

a single phage clone and must be characterised in detail.

Information on the phage source, nucleotide sequence and
susceptible bacterial “:Eeuei and/or gtrains is to be provided.
Other p:;rameterl such as plaqn,e nOFp

of a genome comprised of single or ded DNA or
RNA, encapsulated in a protein capsld

Phage therapy medicinal products (PTMPs) are preparations
of naturally occurring or genetically modified phages used to
treat or prevent human or veterinary bacterial infections.

A PTMP can contain one phage, i.e. a single phage therapy
active substance, or a mixture of phages, combined with
excipients. PTMPs can be administered by various routes and
are available in different dosage forms.

2. PRODUCTION

2-1. GENERAL PROVISIONS

Phages are obtained by gation in bacterial host strains
and are purified using sg:;ile

The production process yields a PTMP of consistent g

and stability. Appropriate in-process
at relevant time points and/or key interm,

of the bacterial strain, subsequent manipulations and the
tests used to characterise the strain. This must include
determination of its antibiotic s

uscept
nucleotide sequences of its chromosome(s) and plasmids. The

use of bacterial strains whose genome muuln: sequences

lot complies with the following
e phage seed lot is identified by a suitable

ty. The absence of microbial contaminants is
d I:ty a suitable method.

. The absence of extrinsic phage contaminants
rmed I:ﬂ_r a suitable method ; however, as intrinsic
may be unavoidable when using clinical isolates for
uction, their presence may in this case be justified and
authorised when controlled by a suitable method.

Several single harvests of the same phage clone may be pooled
hefore the purification process.

profile and of the - pp ;oo purified by suitable techniques.
Clul}r a purified harvest containing a single phage Tapy
active suk e that L v:g requirements

coding for detri 1 factors (e
lesulasm:e determinants, toxins) |§ a\sndsied unless otherwise
justified and authorised.

Bacterial host cells used for FTMP production are derived
from a well characterised bacterial master cell bank (MCE)
that is of clonal erigin and complies with the following
requirements:

Identification. The identity is confirmed using a suitable
method.

may be used in the plepa.rumu of the final lot:
Identification. The identity of the phage is confirmed using a
suitable method. o phage e

Potency. The infectious phage titre is determined by a pl we
assay (expressed in PFU/mL or PFU/mg) or any other suit
method.

Microbiological examination (2.6.12). The purified harvest
complies with the established specification.
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Residual reagents. Based on risk analysis, tests for residues of
reagents used during production and posing safety concerns
are carried out on l]ge purified harvest.

Host-cell impurities and contaminants. Contaminants
and other potentially toxic substances derived from the host
cells (e.g. endo- and exotoxins, host-cell proteins, host-cell
DMA. temperate phages) are absent or within the established
specifications.

2-5. FINAL LOT

The final lot can be administered by various routes and may
be available in different dosage forms. Additional tests are
required, depending on the dosage form and on the route of
administration.

Microbiological quality. Sterile PTMPs comply with

the test for sterility (2.6.1). For non-sterile PTMPs, the
microbislogic ty is determined using a suitable method
and complies mﬁfm established specification for the
particular preparation.

Pyrogenicity. If applicable, the final lot complies with a
suitable test for pyrogenicity and with the limit approved for
the particular product.

‘Water content (2.5.12 or 2.5.32). Solid PTMPs comply with
the limit approved for the particular product.

pH (2.2.3). quuld PTMPs comply with the limit approved for
the particular product.

2-6. ADAPTED PRODUCT

P 1 ining) is the process by which phages

When it is not practical, for unli d ph cal
preparations, to carry out the Iﬁtl {gg. 'batdl size, Ilme
). other suitable

that the appropriate quality is ar_hlmd in acmrdam:e with the
risk assessment carried out and any local guidance or legal
requirements.
A final lot complies with the following requirements:
Appearance. It complies with the established specification.
Identification. The identity of each phage is verified using a
suitable method.
Potency. The infectious phage titre of each phage is
determined by a plaque assay (expressed in PFU/mL or
memﬁur other suitable method and complies with the

d specification for the particular preparation.

can be directed to evolve in order to increase their potency
against (a) clinical isolateis).

When the adapted PTMP is used in the individual patient
that was the source of the clinical isolate, phage adaptation
starts with a phage or mixture of ph each complying
with the provisions of section al Iot complies.
with the provisions of section.2- 55 otherwise justified
and authorised. The incredgsed patency of the final lot of the
adapted PTMP agalm a.rse inical isolate is confirmed,
serving also 3 bstitute for the identification




) )
@ Bacteriophage therapy ;
:E request (pt@mil. be) Bacteriophage therapy
2
il il ;
°
E-mail: pt@mil.be :
[+F]
= Follow up
[+]
{=)] .
£ Bacterial Medical file
g- sample
=
[+4]
© Clinical data
3]
[ii} \/‘/_
Sarah Djeba ra 3 Multidisciplinary team REDCAP
5 discussion Lles
L] L] (5] _____—‘__’--__
Patrick Soentjens : Cj
E End
§ acterio-
2 phage NO ~ Inform Bacteriophage
o therapy Therapy Providers
2 opportune?
o
@
=
o
o
2
a
2 Medical YES L L
{3 emergency? 7 ~
170 BT cases :
NO
Report )
“Phagogram” Bacterio-
phage(s)
Bacteriohage T
susceptibility testing
New bacterio- L
phage(s)
-.___/-__

YES

Multidisciplinary patient selection
process for bacteriophage therapy

Matching
Bacterio-
phage(s)?

Bacteriophage Laboratory and Production
Facility

Bacteriophage Donors




www, nature.com/nmicrobiod £ June 2024 Vol 'S Mo, 6

nature microbiology 3

Article https://doi.org/10.1038/541564-024-01705-x

Personalizedbacteriophage therapy
outcomestor100 consecutive cases: a
multicentre, multinational, retrospective

observational stud

https://doi.org/10.1038/541564-024-01733-7

Advocating for phage therapy

E/ Check for updates

As antibiotic-resistantinfections by phage therapy include Escherichia coli, News & Views article by Jonathan Iredell,
continue torise globally, the Enterococcus faecalis, Staphylococcus aureus,  Holly Sinclairand Ameneh Khatami.

Klebsiella pneumoniae and Pseudomonas Although personalized phage therapy is

development and application of
phage therapy represents not only
apromising but also amandatory

aeruginosa. Most of these bacteria belongto  lesslikely toinduce bacterial phage resistance
the ESKAPE (Enterococcus faecium, S. aureus, compared with pre-defined phage cocktails
K. pneumoniae, Acinetobacter baumannii, (asit does not carry a surplus of ineffective

. : alternative approach to tackle this ; : ;
Out(:ﬂ,mes UF persana IIZEd phage therapy major publicl-JI?ealth threat. P. aeruginosa and Enterobacter sp.) group of  phages, which puts less selection pressure

hospital-acquired pathogens that are show-  towardsbacterial phage resistance), itis very

Pirnay J.- P.,, Djebara S. et al., Nat. Microbiol. 2024 Jun;9(6):1434-1453.



Phage therapy

News & views

https://doi.org/10.1038/s41564-024-01712-y
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difficult-to-treatinfections

ﬁ 35 hospitals

HB’HE 29 cities

@ 12 countries

Fig.1| One hundred cases of individualized bacteriophage therapy. A summary of major pathogensand overall outcomes, along with laboratory data available for

LU L Rt

Intravenous m
(10 in combination)

12 other
bacterial spacies
12%

Pseudomonas
aeruginosa
49%

Staphylococcus

aureus

39%

77% clinical improvement
{in at least one symptom;
physician decision)

LU
fiiee

61% pathogen eradication

small opportunistic subgroups.

Personalized bacteriophage therapy for

1,066 requests for bacteriophage therapy
January 2008 to April 2022

26 phages, 13 pre-adapted
6 phage cocktails

Phage matching

Phage training (pre-adapted
phages)

Production

Antibiotic-phage interactions
assessad in 10 patients

9/10 synergy

1/10 antagonism (rifampicin)

Immune neutralization
assessed in 13 patients
5/13(38.5%)

serum neutralization

Bacterial phage resistance

| assessed in 16 patients

7/16 (44%)
resistance emergence

Adverse events
A 7 unrelated serious adverse events
7 related non-serious adverse events

nature microbiology




= lIntrinsic Limitations

LA DEFENSE

e Different indications and routes of administrations
* No control, blinding or randomization

e Evaluation of efficacy and safety not based on pre-defined
standardized test but on subjective judgement of physicians

 Sample allowing supportive tests in only 21 patients
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Pirnay J.- P.,, Djebara S. et al., Nat. Microbiol. 2024 Jun;9(6):1434-1453. .b
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301

201

Counts

101

I A. baumannii
| B. fragilis

| P. mirabilis

I S. hominis

I E. faecium

I S. maltophilia
B E. coli

B M. abscessus

M E. faecalis
M A. xylosoxidans

I K. pneumoniae
I S. epidermidis

e s aureus
e P. aeruginosa

50 40 30 20 10 O
Bacteria counts

Targeted bacterial species

Pirnay J.- P.,, Djebara S. et al., Nat. Microbiol. 2024 Jun;9(6):1434-1453. .u



Type of

# Concom. AB

% Clin. Improv.

% Eradication

Antibiot

Type of

# patients % Concom. AB # Clin. Improv. # Eradication
primary infection
Abdominal Infection 6 5 83,33% 5 83,33% 4 66,67%
Bone Infection 16 15 93,75% 13 81,25% 11 68,75%
ower Respiratory lract IntTection 29 1/ 26,02% 20 035,9/% 14 45,287
Orthopedic Prostheses Infection 6 4 W/B 5 EW/& 5 83,33%
Skin and Soft Tissue Intection 25 19 76,00% 21 84,00% 11 44,00%
Upper Respiratory Tract Infection 12 1 8,33% 8 66,67% 4 33,33%
ALka- e 5 100,00% 5 83,33% 4 66,67%
P.aeruginosa: 11 B 7 67,00% 77 " 77,00% 53 53,00%
S.aureus: 11 _ o o
S.epidermidis: 5 m. AB % Concom. AB P_aerugmosa;Z]_ adication % Eradication
E. Faecalis: 5 7 55,10% M.abcessus..3 19 38,78%
M. Morganii:2 ) 78,43% K.pneumoniae:2 34 66,67%
E.coli: 1 12 bacteria 67,00% >.aureus:2 ~ 8bacteria 53 53,00%
K.pneumoniae: 1 . A.xylosoxidans:2 | cencies
il Species E.coli:1
P.mirabilis:1 m. AB % Concom. AB . - adication % Eradication
Hungatella Hatheaway:1 P.mlrab|I|531_ 1we-> 6we
S. agalactiae:1 7 90,00% S.maltophilia of 19 63,33%
S maltoohilia:1 1we->2we , 57,14% " treat ¢ 34 48,57%
-maltophilia: of treatment 7 67,00% 11 H,u{sha men 53 53,00%

Citrobacter Koseri:1




Combinations of

26 phages

* 13 pre-adaptations required
e Often in combination with antibiotics




Analysis of PT requests
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San Diego: 35 species/488 requests Brussels: 31 species/249 requests

@ P. aeruginosa

HE. coli

@ B. Burgdorferi

5. aureus

B K. pneumnoniae

HE. faecalis

EP. mirabilis

B Achromobacter spp.

HE. doacae

WS. epidermidis

E M. abscessus

EM. avium

[ A. baumannii

[ Burkholderia spp.
Other

Aslam S. et al. Open Forum Infect Dis. 2020; 7(9):ofaa389. Djebara S. et al. Viruses. 2019;11(3):265.

= > 30 bacterial species
= Variations over time




Overview of rnadomized controlled trials (RCTs) of phage therapeutics (status on 23 February 2024)

Trial identifier Design | PhasefTarget clinical indication Targeted bacterial species Phage product Status Sponsor (location)
EudraCT 2004-001691-
3; ra R,C,B 1/2 Otitis externa Pseudomonas aeruginosa Biophage-PA, a cocktail with 6 phages Completed Biocontrol, Ltd (UK)
T4 phage cocktail with 11 phages and Société des Produits Nestlé
NCT00937274 R,C,B | NA JPediatric diarrhea Escherichia coli PSSR SIEEE Completed !
Microgen ColiProteus cocktail with 18 phages (Switzerland)
NCT02116010 R,C,OLJ 1/2 Burn wound infection P. aeruginosa PP1131, a cocktail of 12 phages Completed Pherecydes Pharma, SA (France)
Ent ., E. coli, Proti irabilis, o . A .
X . ) n erOCOfcus S BRIl LB LI PYO phage, a complex cocktail with an Balgrist University Hospital
NCT03140085 R,C,B 2/3 Urinary tract infections P. aeruginosa, Staphylococcus spp., and Completed N
unknown number of phages (Switzerland)
Streptococcus spp.
Cystic fibrosis and chronic . AP-PAQ2, a cocktail with an undiscosed .
NCT04596319 R,C,B 1b/2a X i P. aeruginosa Completed Armata Pharmaceuticals, Inc (USA)
pulmonary infection number of phages
1 4
BX002-A, a cocktail with an undiscosed .
NCT04737876 R,C, B 1 Healthy adults Completed BiomX, Inc (Israel)
number of phages
NCT04325685, SGDC- Sextaphag, a sterile phage lysat taini Northern State Medical Universit
R,C,B INP Decolonization of the oropharynx §INP eanp B 2 SN [EES W e h IS Completed ° Aem ate ‘e Hel By
VAP-1 undisclosed number of phages (Russian Federation)
National Institute of Allergy and
NCT05453578 R,C,B 1/2 Cystic fibrosis lung infection P. aeruginosa WRAIR-PAM-CF1, a cocktail with 4 phages Recruiting ) X 8y
Infectious Diseases (USA)
P lised phage th d dent on i Adaptive Phage Th tics, |
NCT05177107 R,C,B 2a Diabetic foot osteomyelitis Staphylococcus aureus fersona isedp age_ _e.rapy (_epen entonin Recruiting aptive Fhage Therapeutics, inc
vitro phage susceptibility testing (USA)
AP-SA02, a cocktail with an undiscosed .
NCT05184764 R,C,B 1b/2a jBacteremia S. aureus i und Recruiting Armata Pharmaceuticals, Inc (USA)
number of phages
1 4
Non-cystic fibrosis bi hiectasi AP-PA02 ktail with di d
NCT05616221 R,C, B 2 on-cys K_: forosis ron.c Iec_aSIS P. aeruginosa pQ CORAETl TV EL) AL B3 Recruiting Armata Pharmaceuticals, Inc (USA)
and chronic pulmonary infection number of phages
Intestinal Adherent Invasive E. coli . - .
) ) . 3 5 ) EcoActive, a cocktail with an undiscosed - )
NCT03808103 R,C, B 1/2a J(AIEC) in patients with inactive Adherent Invasive E. coli (AIEC) Recruiting Intralytix, Inc (USA)
L number of phages
Crohn's disease
Prosthetic joint infection, at the end| Phage cocktails PP1493 and/or PP1815 with .
NCT05369104 R,C,B 2 S. aureus X Recruiting Pherecydes Pharma, SA (France)
of DAIR an undisclosed number of phages
Prosthetic joint infection with the
EudraCT 2021-004469- o ! 5 Phage cocktails PP1493 and/or PP1815 with .
R,C, B 2 indication of SAIR and suppressive | S. aureus X Ongoing Pherecydes Pharma, SA (France)
11 L an undisclosed number of phages
antibiotic therapy
Healthy adults and healthy adults i ShigActive, a cocktail with an undisclosed . )
NCT05182749 R,C,B [ 1/2 ) ) Shigell b Recruit Intralytix, Inc (USA]
R after a challenge with Shigella it 19 number of phages G el (e (UREY
S. ,P. i , Acinetobact TP-102, ktail with disclosed b -
NCT05948592 RC,B [ 2o  [piabetic foot infection R S 3 cocktall with an undisclosed NUMBER p . cruiting Technophage, SA (Portugal)
baumannii of phages
Decolonization of the ) X VRELysin, a cocktail with an undisclosed . )
NCT05715619 R,C, B 1/2a X . Vancomycin-resistant Enterococcus (VRE) Recruiting Intralytix, Inc (USA)
gastrointestinal tract number of phages
NCITEEA 77, BT R,C,B 1/2 Cystic fibrosis lung infection P. aeruginosa ERQHR) @ e i eI e BB eet Active, not recruitin BiomX, Inc (Israel)
, G . ugi 3 9
2022-003810-35 v g g number of phages g
Sterile dressing i ted with ktail CHU de Ni F ith
NCT02664740 RCB | 1/2 [infected diabetic foot ulcer S. aureus eriie dressing (mpregnatec With a cocktall .y et recruiting (DTS (AT
with an undisclosed number of phages Pherecydes Pharma, SA (France)
BX005-A, a gel containing an undiscosed )
NCT05240300 R,C,B 1b/2a fAtopic dermatitis S. aureus 8 J Unknown BiomX, Inc (Israel)
number of phages
Ph Cocktail-SPK ith disclosed Precisio Biotix Th tics, |
NCT04323475 R,C,OLfJ 1 Burn wound infection S. aureus, P. aeruginosa, age Locial spray with an undisclose Unknown TEEIRD IS TSl S
number of phages (USA)
BACTELIDE, a spray of microcapsules loaded Precisio Biotix Therapeutics, Inc
NCT04815798 R,C,B 1/2 Colonised pressure ulcer S. aureus, P. aeruginosa, X . pray ! psu Unknown recisio IOtk peutl
with an undisclosed number of phages (USA)
L Ended after opening
Yale Phage Th YPT) 01, ktail with
NCT04684641 RCB | 1/2 [cystic fibrosis lung infection P. aeruginosa L2 FhEE ey (AN C, @ GRS | | oo oo e | et Uitiverstioy (0eay
an undiscosed number of phages
the placebo group
Personalised phage therapy dependent on in WLUIRESHC IR Adaptive Phage Therapeutics, Inc
NCT04287478 R,CoLl 1/2  Jurinary tract Infection E. coli, ) FIEES UML) ¢y change in ¥ E IR,
vitro phage susceptibility testing (USA)
development strategy
Staphyl ., Entt bp . . . A q
L . SPUPEELESTE S5y 30 _erococcus jspp Personalised phage therapy dependent onin | Withdrawn (sponsor JAdaptive Phage Therapeutics, Inc
NCT05269134 R,C,B 2 Prosthetic joint infection Streptococcus spp., E. coli, P. aeruginosa,

vitro phage susceptibility testing

decision)

(USA)

C, controlled; DAIR, debridement, antibiotics, and implant retention; OL, open label; R, randomized

» ClinicalTrials.gov, EudraCT,..

» 25 RCTs

15 active/recuiting

7 completed
3 terminated

» 24 phase 1 and/or 2
> 1 phase 2/3 (unsuccessful)

> 9 bacterial targets

=

© 0NN WN

P. aeruginosa: 12 —

S. aureus: 11

K. pneumoniae: 5

E. coli: 5

— 80%

—

Enterococcus spp.: 3
Streptococcus spp.: 2

A. baumannii: 1
Shigella: 1

Proteus mirabilis: 1

> Limited number of indications
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Resistance mutations trade-offs ] o

s < WG
=
E < WhpH or WbpJ
agn WhbpA, WbpB, WbpD,
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Re-sensitization to fluoroquinolones
Substantial decrease in MIC for ciprofloxacin and levofloxacin

: ; H87D in GyrA quinolone-resistance
R994G in mexB  determining region (QRDR) Pirnay J.- P., Djebara S. et al., Nat. Microbiol. 2024 Jun;9(6):1434-1453.



Reduced virulence

LA DEFENSE Galleria mellonella larvae model
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Phage - antibiotic synergy
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Combination o
and antibiotics
infection due to pandrug-resistant Klebsiella
pneumoniae

Anais Eskenazi® 2™, Cédric Lood® 23, Julia Wubbolts?, Maya Hites!, Nana Balarjishvili®, Lika Leshkasheli>,
Lia Askilashvili®, Leila Kvachadze®, Vera van Noort® 3©, Jeroen Wagemans @ 2 Marc Jayankura7,

Nina Chanishvili® >, Mark de Boer?, Peter Nibberingd; Mzia Kutateladze®, Rob Lavigne® 2
Maya Merabishvili® & Jean-Paul Pirnay @ g

JournaL of Evolutionary Biology

Friman et al. Evol Biol. 2016; 29(1):188-98.

doi: 10.1111/et, 12774

Phage “training”

pre-adapted bacteriophageltherapy
or treatment of fracture-related

gp269* (p.Thr281Arg)

m DNA- and metabolism-associated proteins
> Structural proteins
E) Packaging and lysis-associated proteins 2%

Sequence coverage
10

[_\_é g 3001

2 = A AN Eee———
@ g 5 4 ol ==

§ 2001 == \ 04y
o
o —: L = = 5
= = ——== §
100 = — = 02w

= i =

0 T T T T —— | 0.0
) 25 50 75 100 125 150 175 200
Positions

§ AR 4 Predicted IDDT per position
=l - :
§. - Y | y 3 .
—,\/ } Wl f Ry ™y,
'Q% " 80 M\

S |
5 V‘ ‘ ’
VB u
604 M
i
.
& —— model_1
—— model_2
204 —— model_3

. —— model_4
CV\ —— model_5
0 T T T
0 50 100 150
Q Positions

Missense mutation in the loop region of the hinge
connector of the distal tail fiber protein.

Predicted IDDT

Eskenazi et al. Nat Commun. 2022 Jan 18;13(1):302.



LA DEFENSE

= Patient with Staphylococcus epidermidis infection STEP_UZLITRH_1 \-

= Staphylococcus aureus phage ISP --

STEP_UZL/TRH_2B

STEP_UZL/TRH_3
" Pre-adaptation (8 rounds) on the patient’s strain —
STEP_UZL/TRH_5

> ISPepi Patient strain

STEP_UZL/TRH_7

" Pre-adaptation resulted in 4 missense mutations
= Trade-off: Reduction of host range (3/14 = 1/14)

STEP_UZL/TRH_8
STEP_UZL/TRH_9
STEP_UZL/TRH_10
STEP_UZL/TRH_11A
STEP_UZL/TRH_11B

STEP_UZL/TRH_11C



Conclusions

 Specific framework for phage therapy
Standardization of clinical guidelines in a « learn as we go process »

Clinicians,pharmacists working groups and phage hubs negociated with public
helath authorities.

APl Monograph 2.0
Phagistry implementation

Unlicenced phage preparation more efficient and less prompt to spread bacterial
phage resistance than phage cocktails. (risk of APDS spread)

Merchandising drug concept and “Big Pharma” has contributed to the
marginalization of phage therapy.

. ahreturn on investment seems impossible with a personalized and constantly evolving
therapy.
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Health Policy

Challenges and opportunities for incentivising antibiotic n
research and development in Europe =

updales

Michael Anderson,*™* Dimitra Panteli,” Robin van Kessel™ Gunnar Ljungguist,” Francesca Colombo,” and Elias Mossialos™”

aIllnep";\rtrrnen‘r of Health Policy, Londc R
Eurapean Observatory on Heatth 5, ¢ AlMOSt none of new antibiotics on the market

‘Faculty of Health, Medicine and Lift hgye jnnovative characteristics » 1
Primary Care), Maastricht University,

YHealth Division, Organisation for Economic Co—operatlﬂn and Development, Paris, France

Summary The Lancet Regional
Antimicrobial, and particularly antibiotic resistance are one of the world’s biggest challenges today, and urgent action Tff‘[“:_‘ F:")'\mpe

is needed to reinvigorate the antib b f b d d 9705
Swedish Presidency of the Cound « A com |nat|0n o |ncentlves may e reql"re an e 26 July
by the European Commission, an- cgptinued investment is needed by the EU in push y/10.
relation to antibiotic research and 2023

recent years, almost none have i incentives »

action. We consider four incentive opuons 1o incenuvise researcn and development oI new anubioucs, mMciuding
subscription payments, market entry rewards, transferable exclusivity extensions, and milestone payments. While
each option has advantages and drawbacks, a combination of incentives may be required and continued investment is
needed by the EU in push incentives, such as direct funding and grants, to incentivise drug discovery and preclinical
stages of development. The EU must also coordinate with international initiatives and support access to new and pre-
existing antibiotics in LMICs through platforms such as the WHO, and G7 and G20 group of countries.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http: / /creativecommons.org/licenses/by/4.0/).



It’more and more obvious that public authorities and private sector, but also civil society and philanthropic
foundations will become the financing configurations which, in the very short term, will replace the binary

“private-public” couple. Enough to further strengthen the weight of private interests in the implementation
of ambitious public health policy without concrete results on AMR threat
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Magistral Phage Preparations: Is This the Model for
Everyone?

Jean-Paul Pirnay'? and Gilbert Verbeken'

" aboratory for Molecular and Cellular Technology, Queen Astrid Military Hospital, Brussels, Belgium: and “European Society of Clinical Microbiology and Infectious Diseases (ESCMID) Study Group
for Non-traditional Antibacterial Therapy (ESGNTA), Basel, Switzerland

Phage therapy is increasingly put forward as a promising additional tool to help curb the global antimicrobial resistance crisis.
However, industrially manufactured phage medicinal products are currently not available on the European Union and
United States markets. In addition, it is expected that the business purpose-driven phage products that are supposed to be
marketed in the future would mainly target commercially viable bacterial species and clinical indications, using fixed phage
cocktails. hospitals or phage therapy centers aiming to help all patients with difficult-to-treat infections urgently need adequate
phage preparations. We believe that national solutions based on the magistral preparation of personalized (preadapted) phage
products by hospital and academic facilities could bring an immediate solution and could complement future industrially
manufactured products. Moreover, these unlicensed phage preparations are presumed to be more efficient and to elicit less
bacterial phage resistance issues than fixed phage cocktails, claims that need to be scientifically substantiated as soon as possible.
Just like Belgium, other (European) countries could develop a magistral phage preparation framework that would exist next to
the conventional medicinal product development and licensing pathways. However, it is important that the current producers
of personalized phage products are provided with pragmatic quality and safety assurance requirements, which are preferably
standardized (at least at the European level), and are tiered based on benefit-risk assessments at the individual patient level. Pro
bono phage therapy providers should be supported and not stopped by the imposition of industry standards such as Good
Manufacturing Practice requirements. ] - -




Phage Active Pharmaceutical Ingredient (APIl) Monograph
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5.31. PHAGE THERAPY MEDICINAL
PRODUCTS

This general chapter is published for information.

It affers a framework of requirements for phage therapy active
substances and medicinal products for human and veterinary
wse and their production and control.

The provisions of the chapter do not exclude the use of
alternative production and control methods that are acceptable
ta the competent authority.

1. DEFINITION

Bacteriophages (phages) are viruses that infect bacteria and
depend on their E:c(en al host for n:almu_ Phages consist

ﬂlfml&s}lm

The official varsion will appear in Ph. Eur. supple nt 11.6.
Micmbl.nl ty. The absence of microbial contaminants is
by plating or any other suitable method.

thl]]ly The number of viable cells is determined h}' plate
count or any other suitable viable cell count method.
Phage senailiﬂlllyb. The susceptibility of the strain to the phage
therapy active substance is demonstrated using a plaque assay
or any other suitable method.
Absence of detrimental . The absence of phage
particles that could be detrimental to the quality of PTMPs
'ls confirmed.

cell bank (WCB) is used for production, it
lsan:lnual erivative of the MCB and complies with the
requirements for MCE.

2-3. PHAGE SEED LOTS
seed lots used in PTMP luction are derived from

a single phage clone and must be characterised in detail.

Information on the phage source, nucleotide sequence and
susceptible bacterial “:Eeuei and/or gtrains is to be provided.
Other p:;rameterl such as plaqn,e nOFp

of a genome comprised of single or ded DNA or
RNA, encapsulated in a protein capsld

Phage therapy medicinal products (PTMPs) are preparations
of naturally occurring or genetically modified phages used to
treat or prevent human or veterinary bacterial infections.

A PTMP can contain one phage, i.e. a single phage therapy
active substance, or a mixture of phages, combined with
excipients. PTMPs can be administered by various routes and
are available in different dosage forms.

2. PRODUCTION

2-1. GENERAL PROVISIONS

Phages are obtained by gation in bacterial host strains
and are purified using sg:;ile

The production process yields a PTMP of consistent g

and stability. Appropriate in-process
at relevant time points and/or key interm,

of the bacterial strain, subsequent manipulations and the
tests used to characterise the strain. This must include
determination of its antibiotic s

uscept
nucleotide sequences of its chromosome(s) and plasmids. The

use of bacterial strains whose genome muuln: sequences

lot complies with the following
e phage seed lot is identified by a suitable

ty. The absence of microbial contaminants is
d I:ty a suitable method.

. The absence of extrinsic phage contaminants
rmed I:ﬂ_r a suitable method ; however, as intrinsic
may be unavoidable when using clinical isolates for
uction, their presence may in this case be justified and
authorised when controlled by a suitable method.

Several single harvests of the same phage clone may be pooled
hefore the purification process.

profile and of the - pp ;oo purified by suitable techniques.
Clul}r a purified harvest containing a single phage Tapy
active suk e that L v:g requirements

coding for detri 1 factors (e
lesulasm:e determinants, toxins) |§ a\sndsied unless otherwise
justified and authorised.

Bacterial host cells used for FTMP production are derived
from a well characterised bacterial master cell bank (MCE)
that is of clonal erigin and complies with the following
requirements:

Identification. The identity is confirmed using a suitable
method.

may be used in the plepa.rumu of the final lot:
Identification. The identity of the phage is confirmed using a
suitable method. o phage e

Potency. The infectious phage titre is determined by a pl we
assay (expressed in PFU/mL or PFU/mg) or any other suit
method.

Microbiological examination (2.6.12). The purified harvest
complies with the established specification.

5.31. Phage therapy medicinal products
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Residual reagents. Based on risk analysis, tests for residues of
reagents used during production and posing safety concerns
are carried out on l]ge purified harvest.

Host-cell impurities and contaminants. Contaminants
and other potentially toxic substances derived from the host
cells (e.g. endo- and exotoxins, host-cell proteins, host-cell
DMA. temperate phages) are absent or within the established
specifications.

2-5. FINAL LOT

The final lot can be administered by various routes and may
be available in different dosage forms. Additional tests are
required, depending on the dosage form and on the route of
administration.

Microbiological quality. Sterile PTMPs comply with

the test for sterility (2.6.1). For non-sterile PTMPs, the
microbislogic ty is determined using a suitable method
and complies mﬁfm established specification for the
particular preparation.

Pyrogenicity. If applicable, the final lot complies with a
suitable test for pyrogenicity and with the limit approved for
the particular product.

‘Water content (2.5.12 or 2.5.32). Solid PTMPs comply with
the limit approved for the particular product.

pH (2.2.3). quuld PTMPs comply with the limit approved for
the particular product.

2-6. ADAPTED PRODUCT

P 1 ining) is the process by which phages

When it is not practical, for unli d ph cal
preparations, to carry out the Iﬁtl {gg. 'batdl size, Ilme
). other suitable

that the appropriate quality is ar_hlmd in acmrdam:e with the
risk assessment carried out and any local guidance or legal
requirements.
A final lot complies with the following requirements:
Appearance. It complies with the established specification.
Identification. The identity of each phage is verified using a
suitable method.
Potency. The infectious phage titre of each phage is
determined by a plaque assay (expressed in PFU/mL or
memﬁur other suitable method and complies with the

d specification for the particular preparation.

can be directed to evolve in order to increase their potency
against (a) clinical isolateis).

When the adapted PTMP is used in the individual patient
that was the source of the clinical isolate, phage adaptation
starts with a phage or mixture of ph each complying
with the provisions of section al Iot complies.
with the provisions of section.2- 55 otherwise justified
and authorised. The incredgsed patency of the final lot of the
adapted PTMP agalm a.rse inical isolate is confirmed,
serving also 3 bstitute for the identification




In vivo emergence of BPR

1-yr-old patient with XDR Pseudomonas aeruginosa septicemia, post-liver transplantation.

=>» 86 days of intravenous phage therapy with phage PNM.
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Strain: P. aeurginosa 2409230420

Phages(EOP): 14/1(0.001), NP3S (0.06), PNM (0.001)

MOl tested: 1.0; 0.1 & 0.01

All three phages inhibit growth of the strain for 13 h on average at MOl 1.0

Monitoring time: 72 h

Sensitivity & MIC v

350

300

Omnilog® experime
Each test is done at
*Bacterial growth is
Concentrations of

Abbreviations:
EOP_Efficiency of |
MIC_Minimal Inhik cgeRoggee
MOI_Multiplicity of

RRU_Relative Respiuwtury wino

Phages at MOI 1.0

TZP + 14/1+NP3S+PNM

]

Conclusion:

Synergistic effect expressed at one
cnncantratinn

Conclusion:
Neutral and synergistic effect
expressed at two concentrations
of 8/1-4/0.5 mg/L

—— Control_Pa0420
PIP-TAZ (8/1 mg/L)
——14/1+ NP35+ PNM (MOI 1.0)
—14/1+ NP35+ PNM (MOI 0.1)
PIP-TZ (8/1 mg/L)+ 14/1+ NP3S+ PNM (MO 1.0)
———PIP-TZ (8/1 mg/L}+14/1+ NP3S+ PNM (MOI 0.1)

TZP + 14/1+NP3S+PNM

= Control_Pa0420
PIP-TAZ (4/0.5 mg/L)
——14/1+ NP3S+ PNM (MOI 1.0)
= 14/1+ NP3S+ PNM (MOI 0.1)
PIP-TZ (4/0.5 mg/L}+ 14/1+ NP3S+ PNM

(MOI 1.0)

——PIP-TZ (4/0.5 mg/L)+14/1+ NP3S+ PNM
(MOI 0.1)

tone



¥ Results

* Clinical improvement reported in 77% of cases
* Eradication of targeted bacteria in 61% of cases
*70% less probability of eradication without antibiotics

* Several interesting findings



Infection types

DEFENSIE
LA DEFENSE

3%, 33 B Number of patients

30

25

20

15

10

LRTlI Bonel + SSTI ENT Abdl BSI Other

T ST

Nebulisation Intralesional Topical Nasal spray Intravenous (n=18)

2-4 ml 2-70 ml In excess 1-—15ml 50 — 100 ml (6h infusion)
1077 — 1078 pfu/lm 1077 — 1078 pfu/lm 1077 — 1079 pfu/lm 1077 pfu/lm 1076 — 1077 pfu/ml

g6h g24h g24h g8h g24h

5 days — 6 weeks 5 days — 3 weeks 5 days — 3 weeks 1 — 3 weeks 5-10 days




Table 2| Results of the supportive tests performed for 21 of the present 100 consecutive bacteriophage therapy cases

Table 2(continued) | Results of the supportive tests performed for 21 of the present 100 consecutive hacterlophage therapy cases

Patlent  Infection type Targetad bacterlal specles  Applied Bacterlophage  Invivoselection of Invitro Bacteriophage Immune  Clinlcal Eradication Reference m hettntpe Tttt pcs :Lﬂim ml;':m :mm?r;smw— ml:ﬂﬂ'“ﬂﬂ- mmﬂmlmnm ﬂmm 3?:;‘:: Rl
number bacterlo-phage(s) administration  bacterlophageresistance—  bacterlophage- neutralization Improve-ment  of targeted Toute) possbloundarying antbloticintaractions s
routes) posslble underlying antiblotic Interactions bacterla mechansmis)
machanism(s)
g Fracture-related infection  Klebsialla preumoniae Mi Intralesional Not obsarvad M1 synergy with M1 neutralizationemerged  Yes Yas Ref. © i ke Pangnsa L L 2T Yes-_ ”mp“"'“e s glzcl@aumaracuon Qmonthsaft@rLBT LB AT o i
(cathater) ceftazidime/favibactam  between days B and 18 reumaria LT m |nvolv_ed i ] ENMWM ”°"a°F9”°" 0
and meropenam after BT initiation Wpilbsireds andcistn Q:ﬁf{gm coidhe
] Wound and bloodstream  Pseudomonas aeruginosa  14-1, PNMand ISP (BFC1)  Topicaland Not obsarved Mo concomitant 141 nautralizationemerged  Yes Yas Raf ™ - -
TEei [ antibictics 10days aftar BT initiation 5 Musculoskeletal infaction 3. epidermids [3P and BEOS !mratesmnaland Not obsarved ] Ft:?ngomllant NS4 Mo Mo Unpublished
intravenous antbiofics
16 Cysticfibrosis lung Achromobactar JWAlpha, JWDelta, WT  Nebulization Yas—pTyrE01% MS Mutin Mo concomitant NEA Yes Yas Raf.
transplantinfection ¥ylosaxidans and 241 (APC 11 and colicin | receptor Cir antibiotics 8 Analfistla P semiginosa 1,PNMandPTOT  intelesional  Yas-—selectionof another  Nocancomitant dandTmonthssfterBT Yo Yos Unpublished
APC22) strain, which s notahestior  antibiotics Intiation, o bacteriophage
- - - - — - bacteriophages 141, PAM neutralization could ba
20 Liver transplant and P. aeruginosa 14, PNMand ISP (BFC1)  Intralesional Yas—p.Asp38aALa M5 Mut PNM synergy with ISP neutralization emerged  Yes Yas Ref.” olf0l dotected
bloodstream infaction (infusions)and  in PilE and deactivation colistin, aztreonam Sweeks after BT initiation.
intravenous of PiIM by insertion of 135 and gentamycin No neutralization of 14-1 B8 Cysticibrosislung M. absoessus UL Nebulizztion and  NSA A BUZL neutralzation o o Unpublished
transposase, both involved or PM nfection intravenous emerged 7days after BT
in Typa [V pili biosynthesis, intiation
without impact on virulenca
. i Lunginfaction P aeruginosa mm Nebuization ~ Not obsarved Additive effactof TOT NS4 s ] Unpublished
il Bone allograft infaction Staphylococcus aureus 141, PNMand ISP (BFC1)  Intralesional Not obsarved ISP synargy with NSA Yes Yag Raf ™ TR
(catheter)and clindamycin,
intravenous additive effect of ISP B Cystcfiossing P seniginosa dpandDP1 Neulzzion  Ves-selecomcianother  SynamyofdPend  NGA es o5 Unpublished
and ciprofloxacin, infaction sirain, which isnotahostfor  DPtwith levofiosacin,
moderate ISP bacterophages 4Pand DR o clear nteraction
:I?;?E ?E:im vith batwaen 4Por D and
P tobramycin
2 Chronlc_osteomyulltlsof E aer_ugrnuga_and AL D] e e A Imonth af_ter VT, L Ret.” 0 Lunginfaction P aanuginosa 1441, P and PTO7 Nebulzationand  Yas— P07 synergy Tweaksaftor BT nitation, ~Yes No Unpublished
the pelvis 5. apidermidis (cathetar) no bacteriophage ) o }
e inravenous  LPSblosynthesks: with coliztin and nobacteriophage
datectad (I52and3) prp139X NG Mat  meropenem neutralzation could be
- in WapH, datected
23 Chronic osteomvyelitisof 5. aureus 141, PMM, ISP (BFC1) Intralesional NSA NA Imonth after BT initiation,  Yes Yas Raf. ™ (Is2and3) pBInZ3N NS
the femur (catheter) no bactariophage Mutin Gall,
neutralization could be (s dands)pLautEroh3
datectad Mutinegh,
24 Chronic osteomyelitisof P aruginosa and 141, PNM, ISP (BFC 1) Intralesional NSA NA imonth after BT initiation,  Yes Yag Ref (i dands|plauéD)
thefemur S. epidermidis (catheter) no bacteriophage LouB3deln WopR
neutralization could ba TypeIV pllblosynthesls:
datected (Is4and5) pArgt20isXin
— - — Fimb, missing the firs 165 a2
% Spinalinfection P aeruginosa 4029, 4032 and 4034 !_ocaLand Mot obsarved NA N3A Yes Yas Raf. ™ Other
nhavenous (56)pElyA06Ser St
il Orthopaedic infection P aeruginosa 141, PNMand ISP (BFC1)  Local Mot obsarved Additive effact of NSA Yes Yas Ref. ™ n Cupk5 fimbras assembly
tha bactariophage protein,
cocktail with (2,3,452nd6)
eaftazidime/avibactam RAIGER4Giy M5 Mutn M
30 Chronic sinusitis P. agruginosa and S, 141, PNMand ISP (BFC1)  Nasal spray Yes—p.Alalsd ProMS Mutin - Noconcomitant NSA No No Unpublished g M"“‘P"OW'
alireus PIC, involvedin Type I plli  antibictics [Is@nds)p.stﬂ?Asp Vs
bisynthesis HutinGyrA
P, Chronic asteomyalitisof  Enterococcus fagcals PyoPhage intralesional NSA NA \monthafter 67 initiation,  Yes Yas Raf. ™ 07 Generalizednecrotizing  S.awrews, Pasruginoss ISP 144, PNMLPTOTand  1SP:intravenous, ot observed ISP synergy with |SP neutralization emerged  Yes Yes Unpublshed
thefemur {cathater) no bacteriophage fascits, empyema, and Stenatrophomanas  BUCTIO0 intrapleural, vancomycin, ceftarolin -~ Gays after BT iniiation
neutralization could ba bactaremia maltophiia intraperitoneal andclindamycin
datected andnebulizaton;
43 Liver transplant infection  Enterococcus fagcium EfgrkN and EfgrNG Intravenous Not obsarved Synergy of EfgrKN with  49days after BT initiation,  Yes No Raf = Atopid

vancomycin, loss of
vancomycin resistance

no bacteriophage
neutralization could be
datacted

a3, amino acids; dal, deletion: s, frameshift s, solate: MS Mut, missanse mutation: NA, not analysed; NS Mut, nonsense mutation; X, stop.







Overview of rnadomized controlled trials (RCTs) of phage therapeutics (status on 23 February 2024)

Trial identifier Design | PhasefTarget clinical indication Targeted bacterial species Phage product Status Sponsor (location)
EudraCT 2004-001691-
3; ra R,C,B 1/2 Otitis externa Pseudomonas aeruginosa Biophage-PA, a cocktail with 6 phages Completed Biocontrol, Ltd (UK)
T4 phage cocktail with 11 phages and Société des Produits Nestlé
NCT00937274 R,C,B | NA JPediatric diarrhea Escherichia coli PSSR SIEEE Completed !
Microgen ColiProteus cocktail with 18 phages (Switzerland)
NCT02116010 R,C,OLJ 1/2 Burn wound infection P. aeruginosa PP1131, a cocktail of 12 phages Completed Pherecydes Pharma, SA (France)
Ent ., E. coli, Proti irabilis, o . A .
X . ) n erOCOfcus S BRIl LB LI PYO phage, a complex cocktail with an Balgrist University Hospital
NCT03140085 R,C,B 2/3 Urinary tract infections P. aeruginosa, Staphylococcus spp., and Completed N
unknown number of phages (Switzerland)
Streptococcus spp.
Cystic fibrosis and chronic . AP-PAQ2, a cocktail with an undiscosed .
NCT04596319 R,C,B 1b/2a X i P. aeruginosa Completed Armata Pharmaceuticals, Inc (USA)
pulmonary infection number of phages
1 4
BX002-A, a cocktail with an undiscosed .
NCT04737876 R,C, B 1 Healthy adults Completed BiomX, Inc (Israel)
number of phages
NCT04325685, SGDC- Sextaphag, a sterile phage lysat taini Northern State Medical Universit
R,C,B INP Decolonization of the oropharynx §INP eanp B 2 SN [EES W e h IS Completed ° Aem ate ‘e Hel By
VAP-1 undisclosed number of phages (Russian Federation)
National Institute of Allergy and
NCT05453578 R,C,B 1/2 Cystic fibrosis lung infection P. aeruginosa WRAIR-PAM-CF1, a cocktail with 4 phages Recruiting ) X 8y
Infectious Diseases (USA)
P lised phage th d dent on i Adaptive Phage Th tics, |
NCT05177107 R,C,B 2a Diabetic foot osteomyelitis Staphylococcus aureus fersona isedp age_ _e.rapy (_epen entonin Recruiting aptive Fhage Therapeutics, inc
vitro phage susceptibility testing (USA)
AP-SA02, a cocktail with an undiscosed .
NCT05184764 R,C,B 1b/2a jBacteremia S. aureus i und Recruiting Armata Pharmaceuticals, Inc (USA)
number of phages
1 4
Non-cystic fibrosis bi hiectasi AP-PA02 ktail with di d
NCT05616221 R,C, B 2 on-cys K_: forosis ron.c Iec_aSIS P. aeruginosa pQ CORAETl TV EL) AL B3 Recruiting Armata Pharmaceuticals, Inc (USA)
and chronic pulmonary infection number of phages
Intestinal Adherent Invasive E. coli . - .
) ) . 3 5 ) EcoActive, a cocktail with an undiscosed - )
NCT03808103 R,C, B 1/2a J(AIEC) in patients with inactive Adherent Invasive E. coli (AIEC) Recruiting Intralytix, Inc (USA)
L number of phages
Crohn's disease
Prosthetic joint infection, at the end| Phage cocktails PP1493 and/or PP1815 with .
NCT05369104 R,C,B 2 S. aureus X Recruiting Pherecydes Pharma, SA (France)
of DAIR an undisclosed number of phages
Prosthetic joint infection with the
EudraCT 2021-004469- o ! 5 Phage cocktails PP1493 and/or PP1815 with .
R,C, B 2 indication of SAIR and suppressive | S. aureus X Ongoing Pherecydes Pharma, SA (France)
11 L an undisclosed number of phages
antibiotic therapy
Healthy adults and healthy adults i ShigActive, a cocktail with an undisclosed . )
NCT05182749 R,C,B [ 1/2 ) ) Shigell b Recruit Intralytix, Inc (USA]
R after a challenge with Shigella it 19 number of phages G el (e (UREY
S. ,P. i , Acinetobact TP-102, ktail with disclosed b -
NCT05948592 RC,B [ 2o  [piabetic foot infection R S 3 cocktall with an undisclosed NUMBER p . cruiting Technophage, SA (Portugal)
baumannii of phages
Decolonization of the ) X VRELysin, a cocktail with an undisclosed . )
NCT05715619 R,C, B 1/2a X . Vancomycin-resistant Enterococcus (VRE) Recruiting Intralytix, Inc (USA)
gastrointestinal tract number of phages
NCITEEA 77, BT R,C,B 1/2 Cystic fibrosis lung infection P. aeruginosa ERQHR) @ e i eI e BB eet Active, not recruitin BiomX, Inc (Israel)
, G . ugi 3 9
2022-003810-35 v g g number of phages g
Sterile dressing i ted with ktail CHU de Ni F ith
NCT02664740 RCB | 1/2 [infected diabetic foot ulcer S. aureus eriie dressing (mpregnatec With a cocktall .y et recruiting (DTS (AT
with an undisclosed number of phages Pherecydes Pharma, SA (France)
BX005-A, a gel containing an undiscosed )
NCT05240300 R,C,B 1b/2a fAtopic dermatitis S. aureus 8 J Unknown BiomX, Inc (Israel)
number of phages
Ph Cocktail-SPK ith disclosed Precisio Biotix Th tics, |
NCT04323475 R,C,OLfJ 1 Burn wound infection S. aureus, P. aeruginosa, age Locial spray with an undisclose Unknown TEEIRD IS TSl S
number of phages (USA)
BACTELIDE, a spray of microcapsules loaded Precisio Biotix Therapeutics, Inc
NCT04815798 R,C,B 1/2 Colonised pressure ulcer S. aureus, P. aeruginosa, X . pray ! psu Unknown recisio IOtk peutl
with an undisclosed number of phages (USA)
L Ended after opening
Yale Phage Th YPT) 01, ktail with
NCT04684641 RCB | 1/2 [cystic fibrosis lung infection P. aeruginosa L2 FhEE ey (AN C, @ GRS | | oo oo e | et Uitiverstioy (0eay
an undiscosed number of phages
the placebo group
Personalised phage therapy dependent on in WLUIRESHC IR Adaptive Phage Therapeutics, Inc
NCT04287478 R,CoLl 1/2  Jurinary tract Infection E. coli, ) FIEES UML) ¢y change in ¥ E IR,
vitro phage susceptibility testing (USA)
development strategy
Staphyl ., Entt bp . . . A q
L . SPUPEELESTE S5y 30 _erococcus jspp Personalised phage therapy dependent onin | Withdrawn (sponsor JAdaptive Phage Therapeutics, Inc
NCT05269134 R,C,B 2 Prosthetic joint infection Streptococcus spp., E. coli, P. aeruginosa,

vitro phage susceptibility testing

decision)

(USA)

C, controlled; DAIR, debridement, antibiotics, and implant retention; OL, open label; R, randomized

» ClinicalTrials.gov, EudraCT,..

» 25 RCTs

15 active/recuiting

7 completed
3 terminated

» 24 phase 1 and/or 2
> 1 phase 2/3 (unsuccessful)

> 9 bacterial targets

=

© 0NN WN

P. aeruginosa: 12 —

S. aureus: 11

K. pneumoniae: 5

E. coli: 5

— 80%

—

Enterococcus spp.: 3
Streptococcus spp.: 2

A. baumannii: 1
Shigella: 1

Proteus mirabilis: 1

> Limited number of indications



Type of primary infection
Abdominal Infection
Bone Infection
Lower Respiratory Tract Infection
Orthopedic Prostheses Infection
Skin and Soft Tissue Infection
Upper Respiratory Tract Infection
Other
TOTAL

Antibiotics resistance profile
UDR
MDR
TOTAL

Type of infection
Acute
Chronic
TOTAL

# patients

b
16
29
b
25
E}

100

# patients

49
51
100

# patients

30
70
100

# Concom. AB

% Concom. AB # Clin. Improv.
5 83,33% 5 83,33%
15 93,75% 13 81,25%
17 58,62% 20 68,97%
4 66,67% 5 83,33%
19 76,00% 21 84,00%
1 8,33% 8 66,67%
6 100,00% 5 83,33%
67 " 67,00% 77 " 77,00%
# Concom. AB % Concom. AB # Clin. Improv. % Clin. Improv.
27 55,10% 38 77,55%
40 78,43% 39 76,47%
67 " 67,00% 77 " 77,00%
# Concom. AB % Concom. AB # Clin. Improv. % Clin. Improv.
27 90,00% 21 70,00%
40 57,14% 56 80,00%
67 " 67,00% 77 " 77,00%

% Clin. Improv.

# Eradication

4
11
14

5
11

4

4
53

# Eradication

19
34
53

# Eradication

19
34
53

% Eradication

66,67%
68,75%
48,28%
83,33%
44,00%
33,33%
66,67%
53,00%

% Eradication

38 78%
66,67%
53,00%

% Eradication
63,33%

48,57%
53,00%
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