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KAQOoKEC EKONAWOELS KUOTIKNC tvwang

NMapappivia:  Xpdvia TTApAPPIVOKOATTITIOO
| Pivikoi TTOAUTTOOEC

|| Mvevpoveg:  Bnxag kai amméxpepyn
i ATTOQPACN aEpaywywyv
Ytrorpotmalouoec Aoipweelg (Psa, S. aureus)

: | TEZ: [MaykpeaTiki aveTtapkela (UTTOBPEWIQ)
[MaykpeaTiTida

EINeOC ek unkwviou kai DIOS

XOAIKN Kippwan Kai TTUAdia utréptacn

Avatrapaywyiko cuoTtnpa: ATTOQPOKTIKA alwooTrEPUia

Adapted from Welsh and Smith. Sci Am. 1995;273:52-59.
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QepaTTeuTIKES TTAPENRACEIC TTOU UVERBQAQV OTNV AUENON TNS
empBiwaong Twv acBevwy pe Ki |

Advances in therapy have been incremental Medicine for CF
* Individual benefit is modest but cumulative

« Life expectancy greatly increased E
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[epLEXOUEVO TTAPOVCLACNC
» Nwc n dtatapaxn tnc CFTR oxetiletal pe TNV xpovia Bpoyxikn
dlamunon Ko TNV mPoodeUTIKA TILOELVOULEVN TIVEULOVLKN
VOO0
> |Slaitepa xapoKTNPLOTIKA Tou * pkpoPflwpatoc ” otnv Kl

» 2TPOTNYLKA Xopnynong Twv avtiBlotikwy otnv KuoTikn tvwon

» Mnyxaviopot avantuénc avroxnc otnv Kl kat ldlattepodtnteg otnv
Xpovia Aotpwén

» "'Meploplopol’” otnv xpnon tou cupPatikol test evailcbnoiog
OTA OVTIBLOTIKA KOl VEWTEPEC TEXVIKEC TOUTOTOLNONG KOl

TUTOTIOLNONC TOU ULKPORBLWMATOC

» AVTIUETWTILON TNC OVTIMLKpOoBLaknC avtoxnc otnv K



ITaBopucrodoyia Tng mvevpovikng vocov oty Kl
MeTaAAGCEIC OTO
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Awatapaxn CFTR kat xpovia Bpoyxwn dtarunon
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Mvevpovikn vaoog atnv Kl: NMNaboduaoioloyia

Derichs, ERS 2012
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Prevalence of Respiratory Microorganisms, 1990-2016
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Figure 3, Adapted with permission from the Cystic Fibrosis Foundation Patient Registry's 2016 Annual Data Report




Xpovia Ypevdopovadikn Aotlpwén oe rtouél;a
& evNALKEC
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H Aoipwén otov tvevpova g KI...
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Fodor et al. Fig 3.




H oupBatikn KaAALEPYELQ TTTUEAWVY
QVLXVEVEL TNV Kopudrn tou tayoBouvou
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Chitinophagaceae

Fodor et al PLoS-ONE 2012
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Anaerobes detected

« 14 different genera (78 isolates)

* Prevotella, Velllonella, Actinomyces most prevalent

Genera No. Isolates No. patients
Prevotella 20 11
Actinomyces 9 8

Veillonella 8 7
Propionibacterium |7 7
Peptostreptococcus |2 2
Streptococcus 19 13

Tunney et al 2008




H onuaotia twv avasgpoBiwv

= H KAWLKA onpaocio Twv avaepofiwv mou aviyvelovtol oTo HKpoBiwpa TG
KI 6ev €xeL SleukpLvIoBEel emMapKWC

= AvaepoBia otnv Kl €xouv Bpebel va mopayouv B-Aaktapdosc! n va
ennpeadlouv tnv Aolpoyovo dpaon tn¢ P.aeruginosa e TO va TPOTOTOLOUV
HEOowW Tou Quorum sensing tnv €kdpaon yovidiwyv mou oxetilovtal HE aUTH
™ 6paon?3.

= KaBéva amod autd ta Galvopeva UMopel vor oXeTiletal EUPECH UE TNV
QVATITUEN OVTIULKPOBLAKAC avTOXNG Kl TNV KAWLKA 1 1N OVTOIOKPLON ot
avtiplotika og dtadopa otadia Tng vooou.

Sherrard DC et all. / Antimicrob Chemother 20131
Shibley CD. Et all. PLOS Patho 20082
Field TR. et all. Anaerobe 20103



“"NMoww\opopdila’ twv HkpoBrakwv
nAnOuouwv otnv K

- Dynamic Polymicrobial

= Communities
&
1
O @ | & aureus,
. .
£ @ | H. influenzae
2 2| ..others P. aeruginosa,
E £ Burkholderia,
o Achromobacter
e
Increasing —
Patient Age or
Lung Disease Severty

Ann Am Thorac Soc 2014



2l .

Shannon diversity index

0

129

0.8 -

04 -

MikpoBiwpa KI/KAIVIKI) CUGXETION

Ll L] L] Ll
0.2 04 0.6 0.8

index of inflammatory markers

. r=-0.44; p=0.03
s 10
%E 108 o
2 o o
gg 10 . o unu
5 10°- =]
S 2 oo B o
2 = 105 a
8 J o
:5' =] lu-l_
ERT]
= 10° o o
10* 10? 10° 104

CRP (ug/dl) Logyo

H mowopopdio twv HIKpoPflokwyv mAnBuopwv

NMPOOJEVUTIKA MELWVETOLL

otnv Kl KOL OWUTO

oxeTlleTal pe avénon tThC CLUOTNHUATIKAG GAEYUOVAC
KOl LELWON TNC TIVEUMOVLIKNC AELTOUPYLAC

(Lynch et al, Pone, 2010 & O’Neill et al Pone)



[TveupoVviIK AgIToupyia

Aolpwén Kat tPoodeUTIKN EKITTWON TNC
NMVEVUOVLIKNC Agttoupyiac otnv K

AlaAgiTTouca
BakTtnpiakn
Aoipwén

Aepaywyoi
2TEipol
MIKPORBiwv

Ekpidwon

Mn avaoTpéWiun
Mveupovikr BAGRN

DAeyuovn

BAevvwdn oTteAéxn /
Biofilm
BakTnplakég
AOIWEEIG
I

Xpovia
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Starner, T et al. Annals of Int Med. 2005.



Quowkn wotopla tng MVEVUOVLIKNG
Aotlpwénc amro Pa otnv Kl

Mucoidy
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Mucoidy Is Associated With Chronic
Infection and Lung Function Decline
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Li Z, et al. JAMA. 2005;293(5):581-588.




DavOoTUTIKES *'TIPOCAPUOYVES " TNG
P.aeruginosa otov nvevpova tn¢ Ki
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Biofilm

* TO TILO ONMAVTIKO HOVTEAO OVATITUENG TWV BOAKTNPLOKWY OTTOLKLWV
otnVv Kl (adAAQ Kall YEVIKA OTLC XPOVLEG AOLUWEELG)

e Ta Poaktipla avomtvooovial HECA O £val €EWKUTTAPLO UALKO
amoteAOUEVO aTto TtoAucakyapidec, mpwteiveg kat DNA

e Méoa oto biofilm ol Baktnplakec amolkieg " "Sltadevyouv’” am'tn
Spaon Twv aviBLoTIKwy AAA KoL TNV AVOCOAOYLKH ETLTAPNON TOU
Eeviotn

Courtesy of N. Hoiby, Copenhagen



Ot TIVEVULOVIKEC Ttapo&uVaELC eEmLBapuvouV
ONUAVTIKA TNV TPOYVWan TS VOoou

Xapaktnpilovtal amno oeia ) vnoteia embeivwon Twv
QVOTTIVEUOTIKWY CUUMTTWHATWYV (Brxag, Suomvola, mapaywyn
NTUEAWV)?!

Au&davovTtol PoodeuTIKA 0 cuxvoTnTa Kat Baputnta otnv
dapkela tnc {wng evoc acBevouc pe Ki?

Odnyouv og onpavtikn KAWIKA emdelvwon:

— Mn avaotpeYiun EKTTWOonN TN¢ AVATIVEUOTIKNC AstToupyioc3°
— Avénon tou kwvduvou yia rtopoéuvoelc oto UEAAoV’

— Znuavtikn entBapuvon otnv rolotnta {wncs

— Avénon tnc Yvntotntoc’ 2

1. Goss CH, Burns JL. Thorax. 2007;62(4):360-367. 2. CFF Patient Registry. Annual Report to the Center Directors, 2013. 3. Sanders DB et al. Am J Resp Crit Care
Med. 2010;182(5):627-632. 4. Sanders DB et al. Pediatr Pulmonol. 2011;46(4):393-400. 5. Waters V et al. J Cyst Fibros. 2012;11(1):8-13. 6. Collaco JM et al. Am J
Respir Crit Care Med. 2010;182(9):1137-1143. 7. Van Devanter et al. J Cyst Fibros. 2015 Mar 5. [Epub ahead of print]. 8. Britto et al. Chest. 2002;121:64-72.9. de
Boer K et al. Thorax. 2011;66(8):680-685. 10. Liou TG et al. Am J Epidemiol. 2001;153(4):345-352. 11. Stephenson AL et al. Eur Resp J. 2015;45(3):670-679. 12.
Buzzetti R. J Cyst Fibros. 2012;11(1):24-29.



Time to death or lung transplant over 3 years
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Oepansia ¢ nveupovikieg Aoipwénc atnv Ki

Recommendations

Prophylaxis of infection™+

Staphwlococcus avrews Orral flucloeacillin is prescribed in young children in the UK
This prophylactic treatment is not adwvocated by a US consensus report
because of the scarcity of evidence

Eradication of initial infection®==*=

Pservdomenas aeruginosa Aerosolised antibiotics have been recommended for eradication of initial
infection in the UK, UsA, and Eurcpe with inhaled tobrammycin advised ina
European consensus report
First-line treatment in the UK is nebulised colistin and oral cprofloxacin

When a more aggressive treatment is needed intravenouws antibiotics are
used including meropenerm and tobrarmycin

5 aureus Eradication with oral antibiotics indueding flucloxacillin, sodium fusidate,
or rifampicin is recommended in the UK and Europe
Combination oral or intravenous antibiotic treatment might be necessary
for refractory infections

Haemophilus influenzae UK and European guidelines advocate an oral antibiotic including
co-amcxiday or doxycycline

Suppression of chronic infection™

P aeruginosa First-line treatment in the UK is nebulised colistin
A US consensus report™ recommends nebulised tobranmycin, which is also
second-line treatment in the UK
Inhaled aminoghycosides or colistin is advised in a European consensus
report™
In 2010, nebulised aztreocnam was approved by the US Food and Drug
Administration (FDA) and is an option for patients with oystic fibrosis

Treatment of pulmonary exacerbations™*

Depends on the bacterium Twe or mone antibiotics with different mechanisms of action are normally
isolated used and are administered intravenously, orally, or via inhalation

Table 1: Bacterial targets of antibiotic regimens used to prevent, control, or eradicate cystic fibrosis
pulmonary infection in the UK, USA, and Europe

Laura J Sherrard et all. Lancet 2014



MuwkpoBLakn avtoxn
Baowol oplopotl

e ApaoTiKOTNTA e Avtoxn
avtifLotikou HLKPOOPYOVIGHOU
» MuwpoBLoAoyikn (in » MuwpoBLoAoyikn (in

vitro) vitro)

» KAwikn (in vivo) » KAwiwkn (in vivo)



MuwpoBLakn avtoxn
Baowkotl opLopot

In vitro KpLTtPLo HKPOBLOAOYLKAC SPACTIKOTNTOC

O npoodLlopLloOC TNE EAAYLOTNG OVAOTAATLKNG
niukvotntoag (MIC)

MIC: H eAaylotn mukvotnta Tou avtLlBLotikou mmou
AVOOTEAAEL TNV AVATITUEN TOU pLKpoBiou

BREAKPOINT: ZHMEIO AIAXQPIZMOY
To ""onuelo’” oto avtiloypappa mouv dtaxwpilel tnv
guooBnota amno tnv avroxn (exppaletol oe ug/ml ko
UETAPPAleTaL O mMm StapETPOU {WwvnN¢ avaoTtoANc)



MuwkpoBLakn avtoxn
Baowol oplopotl

Ta pkpoBLa katnyoplomoLouviol we:

" EuaioOnta

" Evélaueonc evawcBnoiog

= AvOeKTLKA OTA AVTILBLOTIKA, avAAoya HE TNV cUYKPLON TNC
MIC e to Breakpoint Tou cUYKEKPLULEVOU QVTLBLOTIKOU

» H avootoAn tou pIKpoBiou amod PIKPOTEPEC TTIOCOTNTEC
delyvel evalocOnoia

» H amnottnon peyaAutepwv amd Tto Breakpoint
noootNTWV Selyvel avtoyn oTto avTLBLOTIKO



Tpomot avamntuéng tn¢ avtlukpoBLakng
QVTOXNS

AN\QYEG OTNV XPWUOOWULKN
Sdopur tou DNA

EnikTnTn <

Opulovtia petadopad
yoviSiwv armo aAAa

AvtipukpoBLokn avioxn Baktnpla

Odeiletal oe evboyevn
SOMLKA 1) AELTOUPYLKA
XOPAKT/KA TOU pkpoBiou 1
oTNnV mapaywyn
adpavormolnTKwy ViU LWV

ZUYYEVNAG




[EVETIKOL LNXAVIOUOL ETILKTNTNG AVTOXNC

H €1TiKTNTN AVTOXI OPEIAETAI OFE:

. aMavéc (mutations) otn douy  ~ 17
TOU XpwuoowuaTikou DNAR /

Kal l
*  OTOKTINON YEVETIKOU UAIKOU Vrgj: ‘(t"lt j Boarls
s ’ resetant,/ ane goes /
a1 dAAa BakThpIq; daad am/ V a opmma | )
4 Dok hown Zl:romosom
—  MeTapopewaon l __ Afm.u, o
(transformation) / \ -
¥ ’ . 7 , hy vidal
—  20leuln (conjucation) | | defvery
—  MeTtaywyn (transduction) Y

H emiktntn avroxn anoteAel 1o KAAUTEPO APASELYHA TAXUTATNC
MPOCAPHOYNCE TWV BAKTNPLlWV OTO VEO OLKOGUGTNHA



Mnxaviopot avtoxng Twv pKpofiwv
ota avtiflotika

L
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Laura sherrard et all. Lancet 2014



Mnxaviopot avtoxnec ota B-Aaktauika
avtLBLoTika

1. Mapaywyn B-Aaktapoocwy

2. Melwwpevn dlamepatoTnTa — ATWAELA TTOPLVWY

1. Napadeypa: AnwAela mopivne OprD otnv P. aeruginosa mpokaAel
aVTOXN OTNV IUUTEVEUN

3.  2ZuoTnuaTa aVTALWVY EVEPYNTLKNC artoBoAng Tou
avtLBLoTikou

1. Napadewypa: Ynepékdpaon aviiiac otnv P. aeruginosa mpokaAel
avtoxn oe Mepomneveun kal alec tafelc avTiBLoTikwy

4. Tpomomoinon tou otoyou dpacng — PBPs (omavia)



|SLatepa XoPOKTNPLOTLKA TNC
avtiuitkpoBraknc avroxne otnv Ki

> 2tnv Kl umapyouv Poaktnplakoli mAnBuopol mou eival Bpadéwg

OLVOLTTTUOGOMLEVOL:
- OutmAnBuopoli mou avamntucoovtal ota biofilms
- Outsmall colony variants
(mx o Staphylococcus aureus pmopel va €xeL xpovo avadurtiaclacpol 2
LEPEC OTOUC aepaywyouc tne Kl cuykpltikd pe tnv 1h nmou ypelaleta yla
va avaduthaolaoBet in vitro)

» Ol Bpadewc avamntuooopevol mTAnBuopol punopet va epdavilouvv avtoxn my
ota B-Aaktoplkd avtiBlotikd otav xopnyouvtal o€ UPNAEC CUYKEVTPWOELS
aAAQ yLa Bpaxy Xpoviko dtaotnua

» 2TIC XPOVLEC SLATUNTLKEC AOLUWEELS EMioNG avamtuooovtol Urto-itAnBuopol
Baktnpdiwv mou xapaktnpilovtal wc persisters (emiuévovteg) oL omoiol
rnapotl 6ev Eudavitouyv in vitro avtoxn, epdavilovy in vivo kat cuvdEovtal
LLE amtoTtuyia tn¢ Bepareiog

Proctor RA et all. Clin Infect Disease 1998
Mulcahy RL, et all. J Bacteriol 2010



|SLattepa XopaKTNPLOTKA TNC
avTukpofBraknc avroxnc otnv Ki

* Tat Breakpoints (FDA,CLSI,EUCAST) €xouv kaBoploBel pe Baon
KAWVIKA, MIKpoPLloAoyikd Kot d¢appokoloyikd Oedopeva Ko
adOpPOUV CUYKEVTIPWOELC TIOU ETIITUYXAVOUV TA AVTLRLOTIKA OTO
aipa, LETA amo TAPEVTIEPLKN YopHynon

" H OUYKEVIPWON EVOC ELOTIVEOLEVOU OVTLBLOTIKOU oTa TTUEA
LUtopeL va eival Ewc kot 100 popec peyaAutepn o olyKpLoN UE
TNV OUYKEVTPWON TIOU ETITUYXAVETOL QIO TNV TIOPEVTEPLKN
Xxopnynon tou

= Aev vunapxouvv oodwc kaboplopéva Breakpoints yua Ta
ELOTIVEOLLEVAL AVTLRLOTLKA



|SLaitepa YapaKTNPELOTIKA TNG
avtiukpoBlakng avtoxng otnv Ki
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IVINXQVIOLOL AVTOX NG OTNV KUOTLKN Ltvwon
To ""uwkporeptBalAAov’ ' Twv agpaywywv
1. To o&wo PH otnv ASL

Alatapayn tThG EKKPLONG Twv Meiwon PH otnv ASL Mewwon aVT'll.lleOBlaan
HCO3 épaong
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B Defective Mucin Discharge without Bicarbonate :
Failed HCO4~ Secretion in CF
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IVINXAVLIOMOL AVTOXNGC OTNV KUOTLKN tvWwan
To ""uikporeptBaAdov' ' Twv agpaywywv
2. To Biofilm

Biofilm @/’\4 .

Passrve B
resistance :}Jgj‘f‘;l:;agnr:;::g
. P°°""‘?b‘°“‘ Nommty
penetration
lncreasedresistance
Reduced activity — =
, Horzontal
“TE
signaliing molecules ¢ transfef
W W v

/_\ Decreased @)
Increased diffusion { -
% @ virulence,
biofilm -
Nutrient and formation, ? ?

oxygen availability

Low

and mobility

° Positively charged antibiotics
bind to negatively charged
companents in the biofilm

@ Antibiotic
@ Slow-qrowing bacteria

H avamtuén twv PakTnpLokwyv

oteAexwv oe popodn biofilm ta

kaBlota 100 ewg 1000 popeEc mLo

aVOEKTLKA OTa AVTLBLOTIKA

OUYKPLTLKQ LLE TNV avVartuén o€

“mAayktovikn' ' popdn, s€attiag:

» HElwMEVNC SlamepatotnTag

Tou biofilm amno 1o
aVTLBLOTLKO

» adpoavormoinong aviBLotikou

> ueraBLBaonq ‘yovibiwv
aVTOXNG’

» avarmrtuéng ‘evdo-
ETUKOWVWVIAC ~ HEOW
quorum-sensing (QS) signals

Laura sherrard et all. Lancet 2014



Mnxoviopotl avtoxng otnv KUOTLKN tvwon
To ""uwkporteptBaAdov’ ' Twv agpaywywv
3. O avaepoPrLec cuvONKec

OL avoepofiec ouvBnkec otnv Bpoyxilkn Stamunon tng Kil,
eMNPEA{OLV TNV AVATTTUEN OXL LOVO TWV AVOEPOPLWY OTEAEXWV
aAAQd Kol TTOAAwV aepoBlwv Tou pmopoUlv avamtuxBouv oe
avaePOPLec ouvBNKecC.
H Paeruginosa TOU QVONTUOCETOL OE HLKPOOAEPOPIAEC N
avaepoBlec ouvBnkec eudavilel GalvVOTUTILKEC AAAOYEC TTOU
auEAVOUV TNV avtoxn TNC OTLC ALVOYAUKOGLOEC, TIC B-AOKTAUEG
KOLL TNV KOAUHLLKLVN.
H Baktnploktovoc dpaon Twv AULVOYAUKOCLOWY HELWVETOL OF
ouvOnkec umoélac.

Hill D et all. J Clin Microbiol 2005

Schaible B et all. Antimicrob Agents Chemother 2012
Nichols WW et all. Antimicrob Agents Chemother 1988



Mnxoviopotl avtoxng otnv KUOTLKN tvwon
To ""uwkporteptBaAdov’ ' Twv agpaywywv
4. OL OUYKEVTPWOELC TWV AVTLBLOTIKWV

» H ouvotnuatikl xopnynon Twv avilBloTIkwy WUImopel va
oONYNOEL OE UTIO-OEPATTEVUTIKEC OUYKEVIPWOELC OTLC EOTLEC

TG Aoipweng.

Moriarty TF, et all. Pediatr Pulmonol 2007

* OuL umo-BOepameutikeg OO0l avtlBloTtikwv obnyoulv o€

eTILAOYN AVOEKTLKWY OTEAEXWV.
Jorgensen KM, et all. Antimicrob Agents Chemother 2013

" Emnilong euvoouv tnv avarmtuén tng P.aeruginosa o popodn
Biofilm
McCaughey G, et all. PLoS One 2013
Hoff man LR, et all. Nature 2005



Tpomotl "avixveuong ' tn¢ avtipkpoBLakng
QVTOXNC

1. H oupBatikn kaAAiEpyela

l

Tavtomnoinon yévouc & eidouc pe BLoxnuikeg pebodouc

DN g

" I i
oy L —— S

Mirai. 27

Sabouraud agar Endo (MacConkey) agar

Columbia blood agar

B. Cepacia selective agar

2. NEWTEPEC TEXVLIKES
-  Moplakn Tautonoinon & tunomnoinon
- Proteomics (Maldi TOF MS)



""Meploplopol’ ' TN cupBaTKC

KOUAMLEPVELAC TTTUEAWV
¥ . s

1. Otwyn avanopoywylpotnta

1 clinical sample ~ 4 morphotypes of P. aeruginosa
1 morphotype ~ 3 different antibiograms

Foweraker JE. J Antimicrob Chemother 2005

2. To avrtiBloypoppa mpoPAEnel TNV €kPoacn o€ HOVOULKPOPLOKES, Ofeiec
AoLLWEELC TTOU TtpoKaAoUvTaL Ao BoakTrApla Tou avamtuoooviol eAeVBepa
(planktonic bacteria) kot oxL oe popdn biofilm (6ev aviumpoownevel Toug
TIOAULKpOBLakoUC, apyd  QVOTTTUCOOUEVOUC KOl  TIOLKLAOpOpdOoUG
HUkpoBLakoUc mANBuopoug otov mvelpova NG Kl oAAd oUte kat TIC
aAAnAemibpaoeic ustaév Touc)

3. OTw) CUCXETLON UE TNV KALWVLIKA avVTATTOKPLoN Tou a.oBevoug

J. Kidd et all. Defining Antimicrobial Resistance in Cystic Fibrosis.
Journal of Cystic Fibrosis 2018



To avtifoypaupa tne cupBatikng KaAALEpYELQG
MTUEAWV KAl N KAWLKN  OoVTQIoKpwon  Tou
aocBevouc AEN ZYZXETIZONTAI otnv KI

» g mpoodatn HeAETN dAvnke OTL TO 57% TWV TIVEUUOVIKWVY
noposUvoewv o aoBevelc Ypoviwg OTOLKIOUEVOUC  UE
Paeruginosa, Bepameltnkav EMITUXWS HE  ocuvOUAOUOUC
avTiflotikwy Tta omoia eudavilov in  vitro avioxn oto
avTLpLoypappa.

Parkins MD et all. Chest 2012

» 2€ OAAN HeAETN dAvnKe OTL 0to 24% TWV TMOPOEUVOEWV OTLC
omoile¢  xopnynOnkav avtiBlotika pe  evawoBnoia  oto
avtifloypappa, 6ev umnpée kAwvikn avtamokpion (' 'treatment

ailures’’
f ) Smith AL. et all. Chest 2003



To avtiBroypappa dev oxetileTal Ue TNV
avtanokplon otnv Oeparneia

Antimicrobial Resistance International Working Group in Cystic
Fibrosis in a systematic review in the Journal of Cystic Fibrosis

I

“The studies assessed both treatment of pulmonary exacerbations and
maintenance therapy. The results showed that AST accurately predicted
treatment response in only 2 of 16 studies evaluating treatment of pulmonary
exacerbations and 1 of 7 studies that addressed maintenance therapy”.

Somayaji R, et al. Antimicrobial susceptibility testing (AST) and associated
clinical outcomes in individuals with cystic fibrosis: a systematic review.
J Cyst Fibros. 2019



https://www.cysticfibrosisjournal.com/article/S1569-1993(19)30014-1/fulltext
https://www.cysticfibrosisjournal.com/article/S1569-1993(19)30014-1/fulltext
https://www.cysticfibrosisjournal.com/article/S1569-1993(19)30014-1/fulltext

[ote elval xprnioo to avifloypapua;

To avtifloypoppa pUmopel va eival xpnoLuo:

=

1. Otov amopovwvetal €va VEO MIKPOPLAKO oOTEAEXOC Tou Ogv
npoUTmnNpxE

2. Otav dev umapyel KAWLKN ovTamokplon otov cuvOUOoUO TWV
QaVTLPLOTIKWY TIOU €XEL xopnynOel kal amatteitot aAloyn tng
Bepareiag

3. Emutnpnon & nmapakoAovBnon MDR cte?\exwv Paerugmosa of3
ouvOuaouO LLE TUTTOTIOLNGN TOU
OTEAEXOUG

"'The finding of in vitro antibiotic resistance does not
necessarily indicate that treatment should be changed
if the patient isresponding to the current therapy.”’

Doring et al.: Treatment of lung infection in patients with CF: current and future strategies. JCF 2012



Randomized Trial of Biofilm Testing to Select Antibiotics for
Cystic Fibrosis Airway Infection*

Changes 1 Psendomonas sputum density and FEVy, by study group. RPPPORTY BST 8 ,
Uykplon Tou HE TNV ouppatikn

BICgroup MICeroup  Mean dafference hetween groups, — p-value Ka}\)\Levala T[TUE)\(L)V, otnv ET[L}\OVI'] Twyv
adjusted for basene (% (1) avtiflotikwy  yia  P.aeruginosa o€
nadlatplkoug aoBeveigxwpic mapouvon

(hange m P. aerngmosa sputum density (logy; ('F[':"g}ﬂ

Subsects with follow-up data, 0 17 14 , ,

o " JuuneplAndOnkav 39 aocBeveig kal
Baseline density, mean (D) T26(104)  Te8(1.20) , , , ,

o ehafBav 14 pepec IV aywyng avaloya pE
Follow-up denstty, mean (D) 4100 4420610 , ,
To anoteAeopata Twy test evalocOnolag

Chunge i deniy,nean (D) 29408) 32760 128(19.259 180
(hange mn FEV; (L , ' '

el = H erloyn twv aviBlotikwy pe Baon TG
Subjects with follow-up data, 1 18 16 2 6la¢0p€TlKéq 60KLHCXO'ILEQ 06|”]V|']0'E o€

; e’ : 1 ) s ’ ’
Baslne FEV, aean (D) 10106 29(1%) MAPOUOLO.  LIKPOBLOAOYIKE KL  KAVIKG

Fallowp FEV, e () 2600 25113 amoteAéopato

Claage nFEV, e (D) L80N) 01202 007 (008,02

Samples with a total density of zero were assigned a valug of 1 5o that the transformed (log; ) value would be equal to zero.

S.M. Moskowitz et. All. Pediatr Pneumol 2011



Combination antibiotic susceptibility testing to treat
exacerbations of cystic fibrosis associated with
multiresistant bacteria: a randomised, double-blind,
controlled clinical trial

1.00 T MCBT Control P
. 1] -_——— MCBT {n=64} (n=63}
:-; \ Cantrol Mean change in FEV, in L, 0-29(0-38) 0:23(032) 035
_'% o754 b o Censored observations day 1 to day 14 (5D) |
= 1 Mean change in FVCinL, 0:36(0-46) 048062 026
3 -
5 \ day 1 to day 14 (SD)
1 " s
%5“ b5 \1 Hazard raio 0.86 (35% C10.60-1.73, p=0.40) Transitional dyssgnoea index 577 (3-89) 579(3:50) 008
3 -. score, day 14 (SD)
I 1. Mean hospital length 166(10-2) 136(68) 003
?\ . "'\ of stay in days (SO)
g 0% ¢ Control Treatment failure rate (%) b/64 (3-4%) 5/68 (7-4%) 076
3 3 Mean change in sputum -432X 107 CFUJmL “226X10 CFmL - 026
~ MCET 1\_ i bacterial density, day 1 to day 14
b T »
L
|:| 1
0 212!!0 4&1 E.I;l}ﬂ Bl.lllj 10|CH) All continuo.usmmome variabl.mv.ere analysed using independent sample t tests except hospital length of stay, which was
Time to next exacerhation (days) analysed using a nan-parametric Wilcowon test.
Numbers at risk
MLI;:T B ” 5 , . ; o Table 3: Changes in lung function, dyspnoea, hospital length of stay, treatment failure rates, and
Contral 68 15 ; , 5 ,  Shutum bacterial density according to treatment assignment

Figure 2: Kaplan-Meier estimates of the probability of remaining exacerbation-free, according to treatment
assignment

Interpretation Antibiotic therapy directed by combination antibiotic susceptibility testing did not result in better
clinical and bacteriological outcomes compared with therapy directed by standard culture and sensitivity techniques.
The non-bactericidal effects of antibiotic therapy might play an important part in determining improvement in
patients with cystic fibrosis pulmonary exacerbations.

S.D Aaron et all. Lancet 2005



NEWTEPEC TEXVIKEC AVLXVELONC TNC
QVTLULKPORBLAKAC QVTOXNC

» Moplakec texvikéc (WGS - Whole Genome Sequencing)
XPNOLUOTIOLOUVTOL EPEUVNTLKA OTNV Tapouca ¢acn, ywa va
avaAUoouv TO O©UvoAo Tou pkpoBlwpatoc’ tng Kl
(tavtomoinon) kot va  AvXVEUOOUV  TOUC  MNXOVLIOUOUC
avtiotaon¢ oto oUVOAO Tou PaKkinplakol YovIOLWUOTOC
(""Resistome’ " analysis)

» ToAAEC peAetec delyvouv OTL To pkpoBiwpa tne Kl aAAdlel otnv
TTOPELOL TOU XPOVOU KOl LLE TNV XPNON TWV OVTLBLOTIKWY

» H poplokn avalvon Ba esmtpePel tnv mapakoAouBnon Twv
LLNXOWVLOMWV avtoxng o€ BaBoc xpovou Kol auto MIMOpPEL va £XEL
BepameuTIKEC EDOPLOYEC



Targeting the Airway Microenvironment
With Inhaled Antibiotics

» Bacteria proliferate in mucus and biofilm on cell surface

* Inhaled antibiotics target the infectious milieu to restore the
normal airway microenvironment

"thn"n N )

S | A
g' Q - y

Cohen TS, et al. Nat Med. 2012;18:509-519.




Delivery of Inhaled Antibiotics

* Deposition of higher antimicrobial concentrations at
infection site vs same dose with oral or IV delivery

Potential . : . :
* Reduced potential for systemic toxicities and acquired
advantages . : . . .
microbial resistance mechanisms despite elevated local
drug exposure
* Drug delivery limited to ventilated areas with no
——— obstruction
. * Potential for variable drug deposition in differently
Disadvantages

ventilated regions
* Local adverse events can interfere with adherence

Flume PA, et al. Adv Drug Deliv Rev. 2015;85:1-6.



Maximizing Delivery of Inhaled
Antibiotics

* Both particle and host factors play a role in delivery of
sufficient therapy to target airways

* Treatment selection should be tailored to each patient

Particle Factors

_ * Diameter of airways
* Size: small enough to bypass

upper airways but still carry
drug

* Inhalation technique (fast vs
slow and deep)

* Structural damage that

* Shape/density: optimal disrupts/blocks airflow

transport velocity to ensure

deposition in small airways * Structural damage that limits

lung expansion

Tiddens HA, et al. Eur Respir J. 2014;44:1308-1318.



Long term antibiotics
Tobramycin

16
© 14
—J -

Tobramycin

Patients receiving tobramycin were 26% less likely to be
hospitalized and 36% less likely to require intravenous
antipseudomonal antibiotics than the patients
receiving placebo

L m _
o 2
o 0
O o —7-
X —4-
—b | | | | | | | | | | | |
0 2 4 6 8 12 16 20 24

Ramsey et al 1999



Tobramycin Solution for Inhalation

Chronic Airway Infection
Patient Survival

Increase in the

Mortality rate Mortality rate  predicted % of
without TSI with TSI patients surviving

2 years 2.1% 1.3% 0.8%
5 years 8% 9.2% 2.8%
10 years 15% 9.9% 9.1%

TSI use was associated with a 21% reduction in

the odds of subsequent year mortality (P < 0.001)

Sawicki G5, et al. Pediatr Pulmonol. 2012;47(1).44-52.




Inhaled Antibiotics Targeting

P aeruginosa

o s FDA or EMA Agents in Agents Used

Antibiotic Class
Approved Agents Development Off-Label
Tobramycin inhaled

. _ solution . S -
Aminoglycosides Tobrarveln inkaled Liposomal amikacin Gentamicin
powder
Beta-lactams e e Ceftazidime

solution

Levofloxacin aerosol

Fluoroquinolones (EV)

Polymyxins Colistimethate (EU)

Fosfomycin

Levofloxacin aerosol (US)
Liposomal ciprofloxacin
Ciprofloxacin powder

Colistimethate

Fosfomycin/tobramycin



Inhaled Antibiotic Therapy: Guideline

Recommendations

Inhaled Antibiotic CFF Guidelines!?!

European Consensus!®]

Tobramycin inhaled Moderate to severe
solution 28 days on/off disease

Age 6 years or older * Mild disease
Inhaled aztreonam * Moderate to severe
28 days on/off disease

Age 6 years and older * Mild disease
Inhaled colistin No recommendation
Continuous alternating * Potential area for
therapy further research

a. Mogayzel PJ Jr, et al. Ann Am Thorac Soc. 2014;11:1640-1650.
b. Doring G, et al. J Cyst Fibros. 2012;11:461-479.

All patients with chronic
infection

Patients who require
additional therapy (available in
EU, Switzerland, US, Canada)

All patients with chronic
infection
Continuous

Potential use in patients with
unstable or deteriorating
disease



Potential Impact of CFTR Modulators
on the Microbiome

Qbserved cha'nges in * Decreased relative abundance of Pseudomonas
airway bacterial

community * Increased relative abundance of Streptococcus,
composition Haemophilus, and Prevotella

* May be due to decreased mucus production
providing fewer P aeruginosa positive samples

Considerations * May be due to evolution in microbiome or natural
history of pathogens

* Longer-term studies are needed

Mooney D, et al. ECFC 2016. Abstract WS07.4.



Using Inhaled Antibiotics Alongside CFTR
Modulators

* Use of CFTR modulators - 25-35% reduction in P aeruginosa culture
positivity!?]

* 70% with intermittent infection vs 10% with chronic infection were culture
negative in year 1 after treatment initiation(?

* Regular monitoring through year 2 likely needed before considering inhaled

antibiotic discontinuation
80+

- P =.004
g 0\\ B Year pre-ivacaftor
s 2 60+ M Year post-ivacaftor
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(= I
& S
o O
=0
3 “

O
»n S
9
2 £
Q8

Q.

P aeruginosa Mucoid MSSA MRSA S maltophilia Hinfluenzae B cepacia Aspergillus
P aeruginosa

Heltshe SL, et al. Clin Infect Dis. 2015;60:703-712.



MapAyoVvTEC TTOU EVIOXUOUV TNV §paacn Twv
QVTLBLOTIKWV

“"Antimicrobial adjuvants’’

» O XnAkEC evwoelc tou owbnpou (Fe Il & Fe lll) €xeL davel in vitro
OTL MELWVOUV TOV oXnuatiopo tou biofilm tng Paeruginosa o€
ouvOnkec umotiac kat emionc “"dlaAvouv’’ 10 NON OXNUOTLOUEVO
biofilm kata 33% oe aepoflec ouvBnkeg kat kata 28% oe
avoepofiect

= OL oavaotoAelc 1tnNg evbo-emikowvwviog Twv Baktnptdilwv
(Quorum sensing inhibitors — QSI)? ity n altBpopukivn

= AA\OL TTOPAYOVTEC TIOU €XEL dOaVeL OTL gvioxuouv tnv dpaon Twv
aVvTIBLOTIKWY N TNV Apuva Tou &eviotn, €lval To P-KApoTEVLIO, O
Ppevdapyupoc kat to okopdo. Qotooo pia Cochrane peta-availvon
QUTWYV TWV HEAETWV Oev €6€L€E ONUAVTLIKO 0PEAOC OTNV TIVEULOVLKN
Aeltoupyla, T MapoUVOELC 1] TNV ToLoTNTA {WNC TWV oBevwv3.

Hunter RC. M Bio 20131, Tateda K. Et all Antimicrob Agents Chemother 20012, Hurley MN
et all. Cochrane Database Syst Rev 20133



ZUUTTEPACOTLIKA. ..

» YU0yxpovec pEBodol avaluonc Tou pkpoBlwpatog tne Kl — epeuvnTikéC otnv
napovoca ¢aon- £xouv Oeifel moAuplkpoBlakouc TANBuopoUC TOU
pHetafaAlovial otnv TOPELd TOUu XPOVou OAAA KAl PE TN Xoprnynon twv
QVTLBLOTLKWY

» KaBwc ol aobevelc pe KLUOTIKN (vwon ylvovtal pakpoBLotepot Kat ekTiBeToL
HoKpoxpovia. o€ TOAAQTMAQ oxApata ovTPLloTikwy, To TPOLRANMA TNG
QVTLULKPOPLAKNC avToXNC Ba emLtelveTol

» H avamtuén ¢ avTIUKPOBLOKAC avTtoXnC €uVoEeital oto meplBailov Twv
agpaywywv tnc Kl (rty horizontal gene transfer)

» H avtyukpoflakn avtoxn otnv Kl emniong ennpedletal and TG cUVOAKEG
urtoéiag, to xapunAo PH, to biofilm kot TIC UTIOBEPATIEVTIKEC CUYKEVIPWOELG
TWV aVTLBLOTIKWY 0To '~ HLKpoTepIBAaAAov’’ twv aepaywywv Tnc KI



ZUUTTEPACLOTLKA. .

» MEeANOVTIKEC TIPOOTITLIKEC OTNV OVTLLLETWITLON TN QVTLULKPOPBLAKNAC OVTOXAG
neplAapBavouv tnv Xpnon mopoyoviwv mMou evioxUouv tnv dpdcn Twv
avTBLOTIKWY, TNV €EEALEN TWV HOPLAKWY TEXVIKWV TOUTOTOLNONG Kol
TuTonolnong twv pikpoBlakwyv mMAnBuopwy Kat tnv dLeukpivion tou poAou
Twv ovaegpofiwv TANBuouwv otnv  pKpoBlok Aoluwén Kkal TNV
QVTLULKPOPLaKN avtiotaon.
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