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The three questions

1. Ceftobiprole is approved for treatment of ventilator-
associated pneumonia.
—  Yes
— No

2. Dalbavancin can be used against carbapenem-resistant
Klebsiella spp.
—  Yes
— No

3. Itis likely that at least one phage therapy will be FDA-
approved within the next 5 to 10 years.
—  Yes
— No
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New antibiotics & alternatives to antibiotic therapy

| BACKGROUND | NEW ANTIBIOTICS | VACCINES | PHAGE THERAPY | NEW INITIATIVES |

* Current landscape

* New and coming antibacterials

* Vaccines for bacterial infections

* Phage therapy for bacterial infections
* Initiatives to spur development
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BACKGROUND NEW ANTIBIOTICS VACCINES PHAGE THERAPY NEW INITIATIVES

A fine mess

Antibacterial resistance Us! Antibiotic pipeline
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Antibacterial resistance
Thanks fo PENIGILLIN® /§

... He Will Come Home |

“It is not difficult to make microbes resistant to penicillin in the
laboratory by exposing them to concentrations not sufficient to kill
them...there is the danger that the ignorant man may easily under-
dose himself and, by ex- posing his microbes to nonlethal quantities
of the drug, make them resistant.” —Alexander Fleming

Nobel Prize Lecture, December 11, 1945. NVt
%7 pe centve

http://www.nobelprize.org/nobel_prizes/medicine/laureates/1945/fleming.pdf
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Antibacterial resistance

* Which are the “problem” bacteria now?
— MRSA

— EXTENDED-BETA-LACTAMASE (ESBL)-PRODUCING
BACTERIA

— CARBAPENEM-RESISTANT BACTERIA
— COLISTIN-RESISTANT BACTERIA

Emergence of plasmid-mediated colistin resistance mechanism
MCR-1 in animals and human beings in China: a microbiological
A and molecular biological study

¥ivunLiy, BS', Yang Warg, PhD’, Praf Timotny R Walsh, D5c, Ling-Xian Vi, 8S, Reng Zrang, PhD, Jamses Spercer, Phil,
Yohei Dol, MQ, Gucbaeo Tian, PhD, Eacis Dong, 85, Xlanhu! Huang, PhD, Lin-Feng Yy, 35, Danxtls Gu, PhD, Mongwel Ran,
8S, Xlagyle Chen, MS, Luchao Ly, M5, Oandan He, M5, Hargwel Zhou, PR, Prof Zisen Liang, MS, Prof Jian-Hua Uy, PhD
L'E ', Prof Sanzhong Shen, Frﬂ- ‘

Lancet Infectious Diseases, 2016: 16 (2): 161-168 182 o¢ cenbvr

BACKGROUND NEW ANTIBIOTICS VACCINES PHAGE THERAPY NEW INITIATIVES
A dry pipeline

® Tetracyclines

¥ Lipopeptides

B Macrolides/Lincosamides/
Streptogramins
Quinolones

® Other

Oxazolidinones

Number of approved Antibiotics

® Aminoglycosides

UNIVERSTE

Bassetti et al. Annals of Clinical Microbiology and Antimicrobials 2013, 12:22 8 oe ceneve
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Gram-positive & Gram-negative organisms
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Gram-positive & Gram-negative organisms

Characteristics Gram Positive Gram Negative
K J-’ " 3
Lo
E 5

Gram Reaction

ﬁn;‘e s COUNRISEAIN (Safranin] and stkn

stain blue or purple ok or cad
Cell Wt Ced Wndl 15 20-30 mm hick Cofl Wak =5 812 nm Sick
Coll Vet The wall i Smeomt The wal & siney,
Peptidoglycan Layer  Thick (mutiayered) Thin (single-tayeved)
Teicholc Ackds Present i» many Absent
Perplasmc Space Alrert Pressent
Outar Memtrane Atnect Present
Poeing At Ceewrs n Ousr Membarg
Lipapolysacchande .
i Virtusty None Hoh M e
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New antibiotics for Gram-positive bacteria

ANTIBIOTIC
CEFTOBIPROLE

(with overlap!)

24-3-2016

FAMILY
CEPHALOSPORIN

MECHANISM OF ACTION
BINDS TO PENICILLIN-BINDING PROTEINS

DALBAVANCIN
ORITAVANCIN

GLYCOPEPTIDES

BIND TO ACYL-D-ALANYL-D-ALANINE IN
PEPTIDOGLYCAN

TEDIZOLID

OXAZOLIDINONE

BINDS TO 50S SUBUNIT OF rRNA

e
gp, Lnivirsr e
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Ceftobiprole

* Mechanism: binds strongly to PBP2A (Staphylococci)

* Pharmacokinetics:
— Renally cleared
— Half-life 3 —3.5h "N AN .
— Volume of distribution 18 —20L A=
— Protein binding: 16% "
— i.v. only (poor oral absortion)

* Pharmacodynamics:
— Time-dependent killing
— May have some post-antibiotic effect (in vitro!)

Leonard SN et al. Antimicrob Agents Chemother. 2008;52(8):2974-2976 g, v

DE GENEVE

Rossollini et al. J Antimicrob Chemother. 2011;66(1):151-159

BACKGROUND NEW ANTIBIOTICS VACCINES PHAGE THERAPY NEW INITIATIVES

Ceftobiprole > 1_\ -

* Approved in Europe for community-acquired &
hospital-associated pneumonia (2013)

* Inthe US...
Ceftobiprole antibiotic to fight tougher bacterial
infections fails to win approval in US
FDA: Data from Studies BAP00154 and BAP00414 cannot be relied upon
because inspections and audits of approximately one-third of the clinical

trial sites for these studies found the data from a large proportion of
these sites to be unreliable or unverifiable...

© $55S:

In Germany, a 7-day treatment course costs € 1392,37

Noel et al. Clin Infect Dis 2008; 46 (5): 647-655. doi: 10.1086/52 3’ NVt

Noel et al. Antimicrob Agents Chemother 2008; 52(1):37-44 DE GENEVE
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BACKGROUND NEW ANTIBIOTICS VACCINES PHAGE THERAPY NEW INITIATIVES
Ceftobiprole |
* Wide spectrum of in vitro activity
— Has in vitro activity against MRSA resistant to vancomycin &
linezolid...

— but is hydrolyzed by ESBL and AmpC beta-lactamases >
A vulnerable to common resistance mechanisms in
Enterobacteriaceae

— Still, for non-ESBL, non-AmpC producers, may do better against
Gram-negative organisms than Gram-positives
* Clinical:
— Not approved for ventilator-associated pneumonia (VAP)

* Cure rates for VAP 23% vs 37% (ceftaz+linezolid), microbiologic
eradication 30 vs 50%

— Weak against Pseudomonas-associated VAP
— Side effects: nausea/vomiting, diarrhea, hyponatremia, LFT A

Theuretzbacher 2015: http://cddep.org/blog/posts/recent_fda_antibiotic_approvals_good_news_and_bad_news#

Rossollini et al. J Antimicrob Chemother. 2011;66(1):151-159 §’ univirsTi

DE GENEVE

Awad et al. Clin Infect Dis. 2014 Jul 1;59(1):51-61

BACKGROUND NEW ANTIBIOTICS VACCINES PHAGE THERAPY NEW INITIATIVES

* Mechanism: binds to acyl-d-alanyl-d-alanine

(peptidoglycan)
* Pharmacokinetics:
— Dual elimination - urine & feces i
— Half-life 150 - 250h (!} = once weekly dosing PN
— Volume of distribution 15.7 L !
— Protein binding: 98% : TLTERTTR
— i.v. only (poor oral absortion) C |
* Pharmacodynamics: p & &

— Concentration-dependent killing (+ area under the curve)

Billeter et al. Clin Infect Dis 2008:46 577-83 g, univinst

Juul et al. Therapeut Clin Risk Management 2016:12 225-232 DE GENEVE
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* Not really new!
— 1987: described by researchers at Lepetit Research Center
-> Biosearch Italy = Vicuron = acquired by Pfizer...
* clinical development not successful, no approval!
— 2009: rights won by Durata, which repeated ph3 trials
- 2014: acquired by Actavis

e Approved in USA in 2014, Europe in 2015
© S$SSS

— $1100 - 1500 per 500 mg vial = full treatment = $3300 - 4500

Theuretzbacher 2015: http://cddep.org/blog/posts/recent_fda_antibiotic_approvals_good_news_and_bad_news#
Juul et al. Therapeut Clin Risk Management 2016:12 225-232 i, unvirsiTd

DE GENEVE
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* Spectrum of activity: Sy
— Gram-positive only
— Not active against vancomycin-resistant S. aureus
— In vitro activity against vancomycin-resistant Enterococci with
vanB & vanC resistance genes, but not vanA (the most
common!)
* Clinical:
— Approved for acute bacterial skin & skin structure infections
* Trials ongoing for CA pneumonia (MRSA) & pediatric osteomyelitis
— Side effects: ??? / headache, fever
— THINK CAREFULLY (half-life, resistance, MRSA in decline...)

Juul et al. Therapeut Clin Risk Management 2016:12 225-232
Ramdeen et al. Expert Opin Pharmacother. 2015;16(13):2073-81

s} universTi
57 DE GENEVE
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Oritavancin

* Mechanism: binds to acyl-d-alanyl-d-alanine
(peptidoglycan)
* Pharmacokinetics:
— Excreted unchanged in urine & feces
— Half-life 393h (!) = once weekly dosing ,_‘ SN
— Volume of distribution 100 L £
— Protein binding: 90% (!) vy
— i.v. only (poor oral absortion)
* Pharmacodynamics:
— Concentration-dependent killing

Tice. Clin Infect Dis 2012;54(S3):5239-43 g, vt

Bassetti et al. Ann Clin Microbiol Antimicrob 2013, 12:22 DE GENEVE
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Oritavancin

* Not really new!

— vancomycin derivate originally discovered and developed by Eli
Lilly, where first development was discontinued

- acquired by Targanta:

completed Phase 3 trials but failed to achieve approval
-> acquired by the Medicine Company:

successfully repeated ph3 trials

* Approved in USA in 2014, Europe in 2015
© 5555

Theuretzbacher 2015: http://cddep.org/blog/posts/recent_fda_antibiotic_approvals_good_news_and_bad_news#

g}_ UNIVERSTE

DE GENEVE
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Oritavancin

* Spectrum of activity:
— Gram-positive only!
— MICs for vancomycin-l and -R S. aureus lower than for
vancomycin but still above the preliminary PK/PD breakpoint

* Clinical:
— Approved for acute bacterial skin & skin structure infections
* Trials ongoing for pediatric use
— Side effects: ??? / headache, fever
— Little justification for its use in MSSA

Theuretzbacher 2015: http://cddep.org/blog/posts/recent_fda_antibiotic_approvals_good_news_and_bad_news#
Tice. Clin Infect Dis 2012;54(S3):5239-43 g, unvinst

Bassetti et al. Ann Clin Microbiol Antimicrob 2013, 12:22 DE GENEVE
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Tedizolid

* Mechanism: binds to peptidyl transferase A-site of
ribosomal ribonucleic acid (rRNA, 50S subunit)

—inhibits protein synthesis o
* Pharmacokinetics: " i —
— High oral bioavailability (86 — 100%) | o

— Elimination: 80 — 90% feces, rest urine
— Half-life: 12h
— Volume of distribution: 70 L
— Protein binding: 75-80%
* Pharmacodynamics:
— concentration-dependent killing

Rybak et al. Infect Dis Ther 2015; 4:1-14

s}_ UNIVERSTE

Ong et al. Drug Metab Dispos 2014; 4:1275-84 DE GENEVE
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“
"

Tedizolid

S

Approved in USA in 2014, in Europe in 2015

Spectrum of activity:
— Gram-positive only!
— In vitro potency 2-8x higher than linezolid
* But protein binding in vivo may offset its activity
Clinical:

— Approved for acute bacterial skin & skin structure infections
(ABSSSI)

— Ph3 trials ongoing for HAP & VAP
— Side effects: Nausea/vomiting, diarrhea; ?? thrombocytopenia

$SSS: 6 days of tedizolid p.o. = 52,212 (i.v. = $1,692)

Rybak et al. Infect Dis Ther (2015) 4:1-14 g, Lnviesrl

DE GENEVE
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New antibiotics for Gram-negative bacteria
(with overlap!)

MEROPENEM + RPX7009 | CARBAPENEM + BLI | SERINE CARBAPENEMASE INHIBITOR

BINDS TO 16S PORTION OF 30S

PLAZOMYCIN AMINOGLYGOSIDE RIBOSOMAL SUBUNIT

S} UNIVERSTE

DE GENEVE
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Meropenem + RPX7009 (Carbavance™)

* Mechanism of RPX7009: beta-lactamase inhibitor (anti-
serine carbapenemase)

Aptrvceoh Ageres Cheeoge 2015 Aug 5600, 355660 0ol Y0 1128AL 0084315 Epus 2015 Jun ¢

Activity of Meropenem Combined with RPX7009, a Novel B-Lactamase Inhibitor, against Gram-Negative Clinical
Isolates in New York City.

Lsuntis A" Atdatan M’ Olafiaoye O, Cones G2, Utban C¥, Quate J°, Laraman
#* Author Information

Abstract

Multcrug-resistant Kiesisila poe. ' (KPC)producing EMercbackiriacson are endemic 10 hospitals n New York City and other
rRgions. RPXT000 is & novel B-lactamase nhibiior with activily aganst sarine carbapenamases. We tested the actvity of maropanam plus RPXT006
against 4,500 recent Gram-negative cinical sclates from 11 New York City nospitats. The meropgnem RFXT000 combenation was found 10 hgve
excellent in wiro activity againet Eschenchia coll K. pneumaniae. and Entercbactar spp.. including multidrug-resistant (MOR) KPC-groducing strains
Overal, 131133 (80.8%) KPC.p g Er strans were inhixted by meropenem (1 ug/mi} plus REX7008 (8 pp/mi). In a kmited
number of strains, e combination appeared % have reduced activity aganst KPC.producng K. pneumoniae isolates with diminished ompK3% and
ompi36 expression. The addsion of RPX7003 dd not affect the activity of meropanem against Acinetobacter baumannil and Peeudomonas
seruginoss. The mercpenem-RPXTI0S combnation shows promiss as 3 novsl agant against KPC-producing Enambacieriscese and deserves
further shudy Other appeoachng wil be nesded 10 addrass mulSidrug-resistant A, baumanni and P. seruginoss, which typically possass diflamsn!
machanams of Caagensm ristance

g, Lnivirse g E:—'.\

57 DE GENEVE

BACKGROUND NEW ANTIBIOTICS VACCINES PHAGE THERAPY NEW INITIATIVES

Meropenem + RPX7009 (Carbavance™)

* Current status:

— in phase 3 development for complicated urinary tract
infection and infections with carbapenem-resistant
Enterobacteriaceae (CRE)

— Results in 2016...

UNIvERsTE - 2r e

Bettiol et al. Swiss Med Wkly 2015;145:w14167 M7 DE GENEVE
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e Mechanism: binds to 30S ribosomal subunit

At Agum Shemettar 7018 Cac 14.8007) 8M-91 cor 'O MINAAL 054012

Activity of Eravacycline against Escherichia coli Clinical Isolates Collected from U.S. Veterans in 2011 in Relation
to Coresistance Phenotype and Sequence Type 131 Genotype.

Jhneon R, Borter 8%, Johvaton B0, Thuns £

# Author information

Abstract

Eravacyding is & nowal bread-spectrum fucrocyding with potant Gram-negative activly, indiuding for mulidrg-esstant strans. Among 472
Eschorichia ool ciirical isolates from 24 \Gelerans Afairs medcal centors {in 2011). dvided equally as susceptibie versus resistant io
flooroquinciones, broth microciktion aravacydine MCs were datriouted unimodaly, ranging from 0.03 to 1.0 pg/mi (MICSO0 of 0.128 ugimt, MICSO of
0.25 yg/ml) Eravacycline MiCs were ~2-0id highe® among Ducroquincione-resisfant, gentamicin-resistant. multdrug-rasistant, snd sacuence hpe
131 (ST131) isolaes (P < 001 for sach comparson)

UNIvERSTE
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* Current status:

— In phase 3 development for cUTI and complicated
intra-abdominal infections (clAl)

— clAl OK
— cUTI:

8 Sept. 2015: Tetraphase today announced that the
IGNITE2 phase 3 clinical trial of eravacycline...did not
achieve its primary endpoint of statistical non-inferiority
compared to levofloxacin.

* Poor dose selection?

http://ir.tphase.com/releasedetail.cfm?releaseid=930613

LNVt IS > e
1 -

Bettiol et al. Swiss Med Wkly 2015;145:w14167 %7 e ceneve

14
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Plazomycin

* Mechanism: binds to 16S portion of 30S ribosomal
subunit

* Cross-resistance with other aminoglycosides

* Current status:
— In phase 3 development for bloodstream infection and
nosocomial pneumonia caused by CRE (end date 2018)
— Ph3 for cUTI recently added

Bettiol et al. Swiss Med Wkly 2015;145:w14167 g, unvinst

DE GENEVE

https://www.clinicaltrials.gov/ct2/show/NCT01970371
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v
s
v

VACCINES AND
ALTERNATIVE APPROACHES:
REDUCING OUR DEPENDENCE
ON ANTIMICROBIALS

THE REVIEW O
ANTIMICMOBIAL RESISTANCE

s'} UNIVERSTE

http://amr-review.org/sites/default/files/Vaccines%20and%20alternatives_v4_LR.pdf DE GENEVE
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Pneumococcal conjugate vaccine:
a success story

Prevalence of Invasive Pneumococcal Disease in U.S. Before
and After PCV7 and PCV13 Vaccine Introductions

100
a0
80
70
60
50
40
30 et
20 ntroduction
10 ¢

0 A 4

1997 1999 2001 2003 2005 2007 2009 2011

PCV13
introduction

w— G years old

w— 05 years old

Cases per 100,000 population

http://www.cdc.gov/abcs/reports-findings/surv-reports.html 187 ¢ CenEve

BACKGROUND NEW ANTIBIOTICS VACCINES PHAGE THERAPY NEW INITIATIVES
And vaccines for hospital-associated infections?

* None licensed

* Great interest & advocation...
— At in vitro level

Vaccination with Klebsiella pneumoniae-derived
extracellular vesicles protects against bacteria-induced
lethality via both humoral and cellular immunity

Won-Hee Lee', Hyun-Il Choi’, Sung-Wook Hong’, Kwang-sun Kim?, Yong Song Gho' and Seong Gyw Jeon’

Alternatives to antibiotics—a pipeline portfolio review

Lioyd Czaplewsk| Richand ax, Marthe Clokie, Mile Dawson, Meather Fairheod, Vincent A Fischettl, Simon Fastar, Srendan F Glimore,
Robert £ W Harceck, Dawd Harper, lan R Henderson, Kai Hipert, Brran V jooes, Azas Kadioghu, David Enowdes, Sigridur Dlafsdoctr, Dovid Poyne,
Steve Projan, Sunil Shounak, Javed Sifverman, Chrissopher M Thomes, Trevor | Trust, Peter Worn, John 4 Rex

* Only prophylactic

Lee et al., Experiment & Molec Med 2015; 47 e183 iviestt IS b

Czaplewski et al. Lancet Infect Dis 2016 16: 239-51 %7 pe ceneve

16



24-3-2016

BACKGROUND NEW ANTIBIOTICS VACCINES PHAGE THERAPY NEW INITIATIVES

And vaccines for hospital-associated infections?

ClinicalTrials.gov ————

A sanicn of o U S National instiutos of Heatn Advarcos Seerch . D Sudes oy Topx  Gowr

Firzt Stistien Azmust Carscal Sudws Sulmat Stutise Moessica Abzut This e

Motre + Find Susses » Sy Record Dus Test B2

Vaccine Agsinst Escherichis Coli Infection

This slisfy Aes Swen commdeted SraiealTrwts qorv bowevt frm
ot NCTO220078¢
GiyeohVexyn AG Frae momeed Nowerrer 3, 2014
Lastupaaied Fedruary %0, 2018
= previded by Partyl Lant vartut: Fetraary 2010
Gipecrasyn AG Mintory of Crangms

Full Yext View  Tabuler View Mo Study Reauits Postes Discirer £l Mow 1o Fimad & Sty Recond

P Purpose

Tha Prass | mul-2eni peosto COMIOIT Sudly & CONMUCIT (1 NSy wooen Wit & 200y of Mot wrinery Pact isfectons (UTY) aged Detwee: 18 and 70 years

Caraatiien Uheveeriien Fhase
E Csl infuctiors Sclophcnt E ool Diechnpgilo v i Phase t
Bolgcal #aoeto
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Manuscript in preparation M7 De GENEVE
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Phage therapy

www.wikipedia.org

17
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Phage therapy

* What is a bacteriophage?
— Bacterial virus that invades bacterial cells
— Lytic phages disrupt bacterial metabolism, causing lysis

* Along history...
— 1896: Ernest Hankin
— 1898: Gamaleya
— 1916: Frederick Twort
— 1917: Felix d’Herelle “officially discovers” bacteriophages

Sulakvelidze et al. Antimcrob Ag Chemother 2001; 45:649-659 B LNIVERaITE

DE GENEVE
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Phage therapy: history

* First clinical use:
— 1919: D’Herelle, his boss & other staff self-test for safety
— Administered to a boy with dysentery = clinical cure
— Several uncontrolled studies confirmed clinical cure
* Commercialization by D’Herelle:
— Bacté-coli-phage
— Bacté-rhino-phage
— Bacté-intesti-phage - Marketed by L'Oreal (France)
— Bacté-pyo-phage
— Bacté-staphy-phage
* 1940s: Phages developed in the USA (Eli Lily)

Sulakvelidze et al. Antimcrob Ag Chemother 2001; 45:649-659 3’ NVt

Summers. Felix d’Herelle and the origins of molecular biology. 1999, Yale University Press DE GENEVE

24-3-2016
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Phage therapy: what happened next...

* In the West, ANTIBIOTICS

* In Eastern Europe, continued use & research —and a
record in Russian, Georgian and Polish
— None published in English

— None randomized

— Most uncontrolled

Sulakvelidze et al. Antimc

g Chemother 2001; 45:649-659
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Phage therapy: clinical studies

Babalova et al (7)
Bogovaaovae et wl (11)
Cado et ul, (17)

lometan) et al (22)

Kochethonn et ol (25)

Kocharowice Kaukowska
wnd Kopok (I7)

Kwaestaski ¢ ol (19)
Litvinows ef ol (X2)

Medadze ot al. (1))

Milkatina mnd Vooccymt
scva (15)
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Commerm

Shigelle phages were yacormbBully wsed for pre.
plylasis of buctevial Oyseniery.

Adspted phagss wese sepoeied 10 be effective ln
treating Klebabells indoctions i o of the 109
[T

Thirty-se paticess huving chremically infected
skio uloers ware treated ondly snd locally with
Phages. The sucooms re was M%

Phages were sscrznfilly wmed together with st
eotics to treat Mng sad pleurnl afectom in
45 paticom,

A tital of 13] carver patients having postsergiosl
wound infections purticipatad @ the study, OF
(hese, 03 paticnts reveived phages and the rost
received aBioGos. Mhage Utdlmest wia yeo
comlil i K39 of Bc cosen, aned satibentic
Ursanmnern wan ssccosidel in 615 of the ooes.

Immosogenicity of Semapewtc phags wat s
tvrod m 37 patieons. The suthoes concluded
hat the phages” Inmunogesicity Sd md .
pode thengy

Resssreal mdpleens alwcom (aficr somnach o
wetion) ceased by as antivotic-Tesstan srMn
of E ool wan soccoslully 1ested with shages.

Faages were weccewdully sved \ogether with e
Dodecuetia 10 et antPotx-associated dyvs
bacterionss in 500 low-birth-weight iafuaty.

Mages wore ussd 1o treat 223 pationts having
leng and ploceal infoctions, and the resudts
wess compesed 10 117 cases where sntbhboties
were seed. Full rocovesy wis tisetved in K29
of the paticots m the ptage-Gvated growp, s
Opposed 10 H4% of The pationss it the AIdNod
E-trsated group

The eflectivenes of treating salmoselons wsiag
pRagct ard o comdination of phags asd anti-
Peotics was esameed The combnstion of
phages and satitintics was repaned o be of
fective 0 eating cases where antibéothy alone
wesr inefiective.
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Phage therapy: clinical studies

* The Georgian/Soviet study of 1963
* 30,769 children included:

— Children on one side of a street got Shigella phages (n=17,044)
— Children on the other got placebo (n=13,725)

¢ Qutcome:

— Clinical cure

Sulakvelidze et al. Antimcrob Ag Chemother 2001; 45:649-659
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Incidence (per 1,000 children)

Babalova et al. Zh. Mikrobiol. Epidemiol. Immunobiol 1968; 2:143
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Phage therapy: advantages over antibiotics

Racicrepiagn
Very specific (Lo, usually affect only the tar-
Erial apecios); theeedare, dywbiosis

and chances of develogeng secoadary infce-
tiom are svoided (15)

jon sad ure this

avallable waore they are most neoded (49)

No serious side effects have been doscribed

Phage-resheant bacterk remain bk o

Antriane

Aatiblotics target both pathogenic microorgan-

s sod pormal microfloes, This afects the
macrobial bulance In the patient, which may
lkead 10 setious secondary infection

They are metabolizod and climsuted from (he
body and do aot necossanily conoentrate at
the wte of infection

Multiple side effecws, incloding Intestinal disor-

dery, allerpes, and socondary infections (¢.5.

yeant infections) have boen repuried (76)

R

Selecting new phages (o.g. against phage-resis
1and bacteria)] & a refatively capid procos that
can frequently be accomplished in diys or
weck

o it s ncnt liemited 10 tar-
gried bacteria,

Developing 2 new antiblotic (6.g., against antl-
bectic-nesistant bacteria) is a ime-consesung
process and may take several years (M6, 51)

Comermm

High specificry may be comidered (o be o disad-

vantage of phages because the dncasc-cauning
bacteriem mest he identified belore phage
thezapy can be succomfally inllisted, Antitioe-
kx have u higher probabslity of belng elfective
than phupes when the dentity of the etiokogic
agent has 0ot been determmod

The “exponcatiyl gromia™ of phages at the site
of infection may require less frequent phage
administration i ceder 0 ackieve the optimal
therapeutic effoct

A fow minor side effocts roportod (17, 38) for
therspeutic phages may have been dus 1o the
IBeration of cadotondne from bactera lysed is
vive by the phages. Sech cffocts abo oy be
obwerved when satibiotics sre wsed (47),

Becane of thels moee brosdspectrum sctivity,
antiblotics select for masy resazant dacteral
species, not jest for resistant mutants of the
targeted bacicria (47)

Evolutionary arguments support the idoa that sc-
tive phages can be selecied againwt every anti-
biotic-rexistant or phage-reustant bacterium by
the ever-ongoing process of naturl selection

Sulakvelidze et al. Antimcrob Ag Chemother 2001; 45:649-659
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Phage therapy: problems

* OPAQUE

No toxicology studies!
Very few reports on pharmacokinetics

Very few reports on pharmacodynamics

* T4 phage sequenced: LYSIS IS A COMPLICATED PROCESS

Proof of efficacy not established

* 1934: Council on Pharmacy and Chemistry of the American
Medical Association requests full review of all papers

- Conclusion: not in favor of phage therapy

Sulakvelidze et al. Antimcrob Ag Chemother 2001; 45:649-659

gp, LNV
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Kutter et al. In Molecular biology of bacteriophage T4 (1994). American Society for Microbiology
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Phage therapy: problems

Probilem

Commen

Soution andior required appeoach

Emu- hist raege of phages

lasufficient parity of presarations

Foar stability andior viabality of phage
prepanatkos

ack of sndentanding of the heterogenelty
and mode of sction of phages (Le, hytc v
fysogenic phages)

Eageerited dales of efectivecca of com
mercial phage preparutions

Failure to establish sclieasific prood of
efficacy of phage Lreatment

Becxme of the high specificlly of phages, masy
segutive results sy have been obtaised be-
cause of the failure W seleat phages e for
the targeted hacteriad species (19)

Early theespeutic phages were = crude lysaes of
host bacteria, and they coatained sumerous
contaminaats (aciuding eadutosies) 1hat sy
have counteracted the offect of phages

Some commercal phage preparatioos wers sup-
plemented with mercurialy or oxidizing agents
or were beat troated to ¢osure bactenal seril-
ity (14). Many of these treatments also may
have inacthnied the plages, resulting in inef-
fecthve phage preparations

Fadare to differentiato between btk and yso-
geoic phages may have rewslsed io wome inves-
lgators using lysogenic phages, which are
mech less efective than ytic phages

Determise the phage susceptibility of t2e etio-
logic ageet befoes tsing phagss therasgeutiodly
(40, 77); use polyvalest phage cockiuls which
Iyse the majority of siruins of the sticlogic
sgen (15, &%, S8, 59)

Jon-exchange chromatography, high speed cen-
trifugation, wnd other soders pusificution tech
figues showld be used 10 obtuls phage peepa
rations of high purity (11)

Advanced punfication techniques can bo used to
puniy phages and to ensure that they are bae-
tormm freg. The vishiley and titer of phages
wbosld be determined before saing them thers
peutically.

Carefully solect for lyskc phages. Thin s also critl-
cal for avoidiing the possiblo horbomeal transfer
of bacterial tonie, antibiotic xcusm-:c. ew,
genss by hsogeaic phages (3) (Fg. I

shonld be woc

Oue example of this would be 2e p on
called Exrerophagin, which was sarketed &
heing effective agasest herpes infections, ustl
caria, and eczema (¥)—conditions against
which phages could not possitdy he effective

Most clinucal studies pung therapeutic phages
were conducted without placebo controle also,
when placebo control were wied, data were
evaluated in u subjective ssanner quevtioned by
many pocn (), 26)

Sulakvelidze et al. Antimcrob Ag Chemother 2001; 45:649-659

by
m:un: nucnulLA_w sepported (nformation
about their efficacy sgaimst specific bactesial
pattogens, thels puu.hlt shde.effects, elo.

Carefully ccatrelled. Soubie hiaded placebo
studies with highly purified, lytic phages should
e comducted, and results mut bo evaluated
based om both dinical obwervations and wrepu
Josm laboratory anafvis
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Phage therapy: where are we now?

* Hugely increased interest (specificity, abundance)
e BUT

- bl,'.; s e =
I DRAWING BORD

— Phages for Gram-positive, spore-forming bacteria
(Clostridia, Bacillus spp.):
“Currently much of the available literature focuses on their primary

isolation and characterization rather than the development of
practical applications”

— Phages for Gram-negatives:

Substantial experimentation has taken place clinically prior to the
development of robust experimental animal disease models and also
outside of what today would be considered to be desirable
practices for clinical trials”

Nakonieczna et al. J Appl Microbiol 2015: 119, 620—631

g, Lnviesrl i v e

Abedon. Bacteriophage 2015: 5:1, e1020260
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Phage therapy: where are we now?

SUMMARY OF THE PIPELINE OF
ALTERNATIVE THERAPIES

Likelibood of 1
Brief description Current pipeline registration by 2025 Considerations
WILD-TYPE AND Natural or engineered THREE PRODUCTS: 9 PERCENT
ENGINEERED viruses that attack and C. difficile (1) carliest could be
BACTERIOPHAGES kill bacteria Preudomonas 20 difficile
oeruginoto (2) end Pseudomonas)

s'} UNIVERSTE
O DE GENEVE

http://amr-review.org/sites/default/files/Vaccines%20and%20alternatives_v4_LR.pdf
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New initiatives

In@ . (European Commission, 7t Framework: old antibiotics)

(Innovative Medicines Initiative [EC + EFPIA]: new antibiotics)

World Health
Organization

BACKGROUND NEW ANTIBIOTICS VACCINES PHAGE THERAPY NEW INITIATIVES

New initiatives

COMBACTE

Combatting Bacterial Resistance in Europe

Summary Facts & Figures

Antimicrobial resistance (AMR) is a growing problem worldwide, and with
few new drugs making it to the market, there is an urgent need for new
medicines to treat resistant infections. Enter the IMI-funded COMBACTE End Date 31/12/2019
project, which aims to give antibiotic drug development 2 much-needed

Start Date 01/01/2013

boost by pioneering new ways of designing and implementing efficient Contributions €

clinical trials for novel antibiotics. COMBACTE forms part of the New IMI funding 109 433 010
Drugs for Bad Bugs (ND4BB) initiative, IMI’s wider programme to tackle EFPIAinkind 133 912 392
AMR. Other 7 131 466
S ) Total cost 250 476 868

24-3-2016
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The three questions again

1. Ceftobiprole is approved for treatment of ventilator-
associated pneumonia.
—  Yes
— No

2. Dalbavancin can be used against carbapenem-resistant
Klebsiella spp.
—  Yes
— No

3. Itis likely that at least one phage therapy will be FDA-
approved within the next 5 to 10 years.
—  Yes
— No

1} UNIvERSTE

DE GENEVE

Thank you!

B, UNIVERSTE
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