EONIKO KAI KAMOAIZETPIAKO NANENIZETHMIO AOHNON
EXOAH ENMNIETHMON YTEIAL
IATPIKH £X0OAH
METANTYXIAKO NPOrPAMMA ZNOYAQN «AOIMOQ=IOAOT A
AigvBuvmic: Kalnynmig E. |. NapapéAhog-MroupptmouAng

Neotepol avaoToAEiC B-AQKTOHACWY YLO VOOOKOMELAKN XPAON

KapoAiva AkwvocoyAou
NaBoAoyoc — AotpwéLoAoyog
Ermukoupn KaBnyntpia MadoAoyrag

Navenotnpiov Natpwv



Deaths attributable to
antimicrobial resistance
every year compared to

other causes of death

Antimicrobial Resistance: Tackling a crisis for the health and wealth of
nations. http://amr-review.org/publications

AMR in 2050
/10 million

Tetanus
60,000

Road traffic

_accidepts / Cancer
1.2 million 8.2 million
Measles Cholera
130,000 100,000~
120,000
Diarrhoeal
disease Diabetes
1.4 million 1.5 million



Unmet Medical Need in Infectious Diseases

5 Gram (-)

&

= * Plethora of resistance mechanisms
(&)

b * Increased morbidity — mortality
€

R * Few therapeutic options
-
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Clin Infect Dis. 2012 Jun 1; 54(11): 1677-1678.



Microbial Resistance in Gram (-)

)

Susceptible

Resistant
Escherichia coli

* TEM | Resistant E. coli,
* SHV serine Pseudomonas
p-lactamases aeruginosa and
Klebsiella spp. Resistant E. coli,
1960s * AcrAB P. aeruginosa, Klebsiella
Ampicillin * blagyy spp., Enterobacter spp.
 blayey « CTX-M-15
» AmpC-type « VIM
p-lactamases .« IMP
* NDM-1
1980s ) « Porin defects
Cephalosporins « Metallo p-lactamases
Fluoroquinolones (1990s)

2000s
Carbapenems

Crit Care. 2010;14(3):224.
Clin Microbiol Rev Feb 2018; 3



AvOektika Gram (-) pe mapaywyn ESBL

(Beta-lactamases are enzymes that open the beta-lactam ring, inactivating the antibiotic. The first plasmid-

mediated beta-lactamase in gram-negative bacteria was discovered in Greece in the 1960s (TEM).

JExtended-spectrum beta-lactamases (ESBL) are enzymes that confer resistance to most beta-lactam antibiotics:

penicillins, cephalosporins, and the monobactam aztreonam
U Frequently co-resistant to aminoglycosides, quinolones and co-trimoxazole. Resistant genes coding for
ESBLs and, for example, aminoglycoside-modifying or quinolone-modifying enzymes (AMEs) often reside

within the same conjugative plasmids

[ Quinolones co-resistance 40%



B-lactamases Functional Classification

|

| | !
Class A Class D Class B Class C
* SHV « OXA « IMP « AmpC
* TEM *VIM « CMY
* CTX-M * NDM-1 * FOX
*« KPC | * MOX

‘ mutations

I v

Extended-Spectrum B-Lactamases Metallo-B-Lactamases AmpC B-Lactamases
(ESBLs) (MBLs)

Antimicrob Agents Chemother. 2018 Sep 24,;62(10)



Dates, organisms, and locations of the first of a series of -lactamase-

producing isolates with long-term clinical significance

-

Original (-lactamase name Yr of first

(currently recognized name) verified isolation Organism Location

Penicillinase (chromosomal AmpC) 1840 Bacillus coli (Escherichia coli) England

Penicillinase 1042 Staphylococcus aureus England

OXA 1962 Salmonella enterica serovar England

Typhimurium, Escherichia coli®

TEM-1 1663 Escherichia coli Greece

SHV-1 1672 Klebsiella pneumoniae Unknown

Transferable ESBL (SHV-2) Pre-1983 K. pneumoniae Germany

Serine (class A, group 2f) 1982 Serratia marcescens England (London)
carbapenemase (SME-1) 1085 USA (Minnesota)

Plasmid-encoded AmpC (MIR-1) 1088 K. pneumoniae USA (Massachusetts)

Plasmid-encoded MBL (IMP-1) 1088 Pseudomonas aeruginosa Japan

Inhibitor-resistant TEM (TEM-30) 1991 E. coli France (Paris)

KPC-type (KPC-2) 18996 K. pneumoniae USA (North Carolina)

NDM-1 2006 K. pneumoniae India (New Delhi)

Antimicrob Agents Chemother. 2018 Sep 24,62(10)



Increase in numbers of unique, naturally occurring -lactamases

2
w

3000 7 900

All AmpC

O 2500 r @ 750 r_ (group 1)

5 / g ESBL

w 2000 u 600 4— (group 2be)

3 / g

& 1500 S 450

b ClassA O

2 1000 as3 & 300 Carbapenemases

g Class C = (groups 2f

500 Class D § 150 and 3)
Class B
0 —— 0+ ; '
1970 1980 1990 2000 2010 2018 1070 1980 1990 2000 2010 2018

Annu Rev Microbiol 2011 65:455-478
Antimicrob Agents Chemother. 2018 Sep 24,;62(10)



European Antimicrobial Resistance Surveillance Network 2015
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Geographic distribution of carbapenemase-producing

Enterobacteriaceae by resistance mechanism

(ECDC: European Survey of Carbapenemase-Producing Enterobacteriaceae (EuSCAPE)
working group, 2015)

I A. KPC: Endemic situation I I B. OXA-48: Sporadic occurrence I

2l -
A




AVOEKTIKA OTLC KOPPBOATTEVEUEC EVTEPOBAKTNPLAKA
kat Ovnrotnta

“ESKAPE” Pathogens & Outcome

| % mortality - S
M % mortlaity - R

T Ovntotnta

VSE/VRE MSSA/MRSA K. pneumoniae K. pneumoniae K. Pneumoniae A. baumannii P.aeruginosa  Enterobacter
ESBL -ve/+ve CBP-S/CBP-R KPC IMP-S/IMP-R S/MDR spp IMP-S/IMP-
R

Butler et al. Infect Control Hosp Epidemiol. 2010; 31:28-35; Shurland et al. Infect Control Hosp Epidemiol. 2007;28:273-79; Borer A, et al.
Infect Control Hosp Epidemiol. 2009;30:972-6; Kwon K. et al. J Antimicrob Chemother. 2007;59:525-30; Marchaim D. et al. Antimicrob
Agents Chemother. 2008; 52:1413-18.Trecarichi E et al. Am J Hematol 201



Moocootd avtoxn¢ o€ 316 yevidc kedpaAoomnopiveg, Pip/Tazo,
KOlL GUVOUALOTLKNC AVTOXNG
(louAtoc — AekeuBpioc 2018, WHONET Greece)

(R) (R) MDR
Ceftazidime Pip/Tazo (Cefta/cipro/amik)

E. Coli 7-13% 5-6.6% 8-16%
Pseudomonas 16.8-25.4% 17.2-27.3% 11.2-25%
Enterobacter 26-34% 24-31% 6-9%
Klebsiella 42-68% 43-72% 37-57%
Acinetobacter 87-95% 90-97% 80-88%

* JteAéxn amopovwOevta amo 11 k/a kAwvikou delypoatog
* To uPpnAd mooootd o KABe katnyopla avtiotolyouv o aacBeveic MEO



Cumulative Comparative Resistance Rates to Carbapenems

Jan —Jun2016 vs Jan-Jun 2018, WHONET Greece

Isolated Bacteria in Medical Wards Surgical Wards ICU
Blood Cuitures 2016 2018 2016 2018 (= 2016 2018

Klebsiella 53% /56% 65% /[70% 88% /190%
pneumoniae

Acinetobacter 88% /|88% 94% /193% 99% /|98%
baumannii

Pseudomonas 29% /| 34% 55% /|38% 44% /153%

aeruginosa — — —

WHONET GREECE, Available at: http://www.mednet.gr/whonet/ (last accessed May 2019)



dDavAog KukAoc xprionc Kappoarmevepwv

AugnpEva aVOEKTIKA OTLG KaPPBATTEVEUEG OTEAEXN

Al0oTOUPOUMEVN
petadoon

+

g€AnAwon tng avtoxng
(ESBLs)

Pseudomonas aeruginosa
Acinetobacter

EvtepoBaktnploetdn

Augnuévn xprion
KopBamnevepwv

EruAeypéva avOEKTIKA OTLG KOPBOATIEVEEC
oteAEXNn

Nordmann and Poirel. J Antimicrob Chemother. 2013;68:487-9.



Unmet Medical Need in Infectious Diseases

WHO : List of antibiotic-resistant pathogens for %R@Av World Health

Y Organization
which antibiotics are urgently needed? ’

CRITICAL (No1l Priority)! ECDC 2017: Greece?

 Acinetobacter baumannii, Carbapenem- CRO

Resistant

 Pseudomonas aeruginosa, Carbapenem- 64.7% of Klebsiella pneumoniae,

Resistant 94.8% of Acinetobacter baumanii

 Enterobacteriaceae, Carbapenem-

39.3% of Pseudomonas aeruginosa
Resistant, 3’9 gen cephalosporin-

Resistant

CRO: Carbapenem-resistant organisms

1. WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf. Accessed March 2017 2. European Centre for Disease Prevention and Control (ECDC).
Surveillance of antimicrobial resistance in Europe Annual report of the European Antimicrobial Resistance Surveillance Network (EARS-Net). Stockholm:
ECDC; 2017. Available at https://ecdc.europa.eu, last accessed May 2019



Risk factors for antimicrobial resistant Gram (-) bacteria

Recent (=3 months) antibiotic

Baseline characteristics  Epidemiological background therapy Prior colonization Indwelling devices
® Age =70 years ® Prior hospital admission (in the last ® Recent aminopenicillins ® Gut colonization with ESBL ® Urinary catheter
12 months)
® Diabetes mellitus ® Prolonged hospitalization ® Recent cephalosporins ® Gut colonization with CRE ® Gastrostomy or
jejunostomy
® Charlson index =3 ® Transfer from another health-care  ® Recent fluoroquinolones ® Colonization with MRSA ® Nasogastric tube
facility
® Recurrent or ® Current or prior ICU admission ® Recent carbapenems ® Colonization with Acinetobacter * CVC
obstructive UTIls
® Use of corticosteroids * Local epidemiology, outbreak ® Recent aminoglycosides ® Endotracheal colonization with P.  ® Mechanical
deruginosa ventilation
® Immunosuppression @ Travel from high endemic area® ® Hemodialysis
® Trauma
® Malignancy
® (Organ transplantation
* COPD

& Neutropenia
® Recent surgery

CVC: central venous catheter; COPD: chronic obstructive pulmonary disease; CRE: carbapenemase-resistant Enterobacteriacege; ESBL: extended-spectrum beta-
lactamase; ICU: intensive care unit; MRSA: methicillin-resistant staphylococcus aureus; UTls: urinary tract infections; VIM: verona integron-encoded metallo-beta-
lactamase.

“Central and western Asia for ESBL; USA, ltaly, Greece, and Israel for K. pneumoniae carbapenemases; Greece for VIMs; Turkey for OXA-48; and the Indian
subcontinent for New Delhi metallo-beta-lactamases.

Bassetti M et al. Expert Rev Anti Infect Ther. 2017



B-Lactamase inhibitors of the past and their B-lactam partners
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clavulanic acid sulbactam tazobactam

the B-lactamase inhibitor targeted the B-lactamase inactivating it, so that the partner B-lactam could

inactivate the penicillin binding protein (PBP) target, eventually resulting in bacterial cell death



B-Lactamase inhibitors of the past (clavulanic acid, sulbactam, and
tazobactam) and their B-lactam partners : Problem

* Target only class A serine B-lactamases, thus metallo-B-lactamases (MBLs) of class

B, AmpCs serine B-lactamases belonging to class C, and OXAs serine B-lactamases of

class D, = resistant to inhibition

e Variants of class A B-lactamases (eg, TEM-1 and SHV-1) evolved single amino acid

substitutions (eg, S130G, K234R) =» resistant to inhibition

* New class A B-lactamases, such as KPC-2, evolved (circa 1996) with the ability to

hydrolyze clavulanic acid, sulbactam, and tazobactam



Major obstacles in B-lactamase inhibitor development

* Mechanisms by which B-lactamases are resistant to clavulanic acid, tazobactam and/or
sulbactam, are different even within the same class of B-lactamase

« MDR Gram-negatives possess more than one of these B-lactamases (MBLs : Zn2+-
mediated noncovalent mechanism, OXA : heterogeneous >500 different variants; OXA
B-lactam hydrolytic mechanism different and not like the other serine-based

mechanisms)

A single “magic bullet” B-lactam-B-lactamase inhibitor combination that targets all

clinically important B-lactamases (eg, KPC-2, OXA-24/40, AmpC, and NDM-1) Is unlikely



OepaneuTtikeC eEMAOYEC yia MDR-GNB Aotpwéelc

L HEUE Acinetobacter

*Colistin *Colistin *Colistin
*Fosfomycin e Aminoglycosides *Tigecycline
*Aztreonam (MBL) *Tigecycline *Sulbactam

eCeftolozane/tazob e Fosfomycin

actam
eAztreonam (MBL)

e Ceftazidime/

Jvibactam eCarbapenems (MIC<8)

e Ceftazidime/avibactam



OEPATMEVUTIKEC ETULAOYEC Vot Aotpwésic ano ESBL / CR

* KoapParmevépec *%* Pip/Tazo: emloyn o€ aoBeveic Tou Sev elval BapEwC TAOKOVTEC
(amouoia BaktnpLatpiog vs pepomevepnc)

AvaoToAeic B-AaKTapoocwV , , , , ,
B H *%* Kedemiun: Sev eival amoteAeopatikr kat acpalic emoyn

(pip/tazo) (UPNAOTEPN GUXVOTNTO OE OXECN UE KApPATEVEEC)
* Kedemiun
* TuKeKUKAivN ** TiykekukAivn: o€ evEOKOIALOKES AOLUWEELC O aoBeveic ou Sev

glval Bapewc maoyovtec (amouoia BaktnpLlotpiog — oxt
Pseudomonas, Proteus — black box warning)

°* Qwodopuukivn
* AuwoyAukooidec

---------------------------------------- *?* Qwaodopukivn: HOVo og OUPOAOLUWEELS OE N BAPEWC
naoyxovtec acbeveic (LovoBeparmela avamntuén avoektikotnTac)

* KedtoAolavn/TalopmaKTAMN

. 14 14
Kedradidipn/apiunakraun ** ApwoyAukooiSec: we cuumAnpwpatikh Bepamneia (og copapéc
AolpwEeLg), we povoBepareia HOVO € OUPOAOLUWEELS OE UN
BopEwc MACYOVTEC 0loOEeVELC




KedtoAolavn/Talopmaktaun

Nea Kepaloomopivn & MaAloc AvaotoAéag

CH,
H3C COH

- CH
)jﬁb? P M Karnyopia

H,N )
\( 7 HF ””‘< > AvTiyeudopovadikn

Keg@aAoaTtropivn

+ QVOOTOAEQC [B-

AaKTauaong

»Avaloyia 2:1

Zhanel et al. Drugs. 2014,;74:31-51. Ceftolozane/Tazobactam, SmPC 2017 6 FOR LIFE



Mnxaviopuog dpaocng

Gram-Negative Bacteria

Porin channel

Specific
channel A O Poly- Lipopoly-
protein [ saccharide » saccharnde
lipid A (LPS)
‘o0 °
2229 _ Outer
membrane

Llpoprotein4|
Peptidoglycan

Iayer_- 2 8 8 B
B-lactamase (%\
YIARD
b LA SRS

Periplasmic; Cell
- space wall

Plasma

o membrane

-

_ _ Proteins
Penicillin-binding protein

> Tayxéwc BAKTNPIOKTOVO

» AvaoTéANAEI TN ouvBeon Tou

KUTTAPIKOU TOIXWHOTOG

» ApaOoTIKN EVOVTI

Pseudomonas aeruginosa

ME AVETTAPKEIEG TTOPIVWV
Kol METAOAAAGSEIG
» AvaoTEAAEL TN TTapaywyn B-

AQKTONOO WYV

Eupu @aoua EvavTl TTepiIcooTéEPWY Enterobacteriaceae rou rapayouv ESBL




Aev emnpealetal ano Toug HNXaVIGHoUC avtoxne tnc P. aeruginosa

Resistance Mechanisms | Outer Membrane | B-lactamase

Porin Loss Enzyme

Ceftolozane

Ceftazidime
Cefepime
Piperacillin/tazobactam

Imipenem

AOL B RN

Meropenem
OActivity greatly decreased >> @Retains activity Table adapted from Castanheira M, et al. 2014

1. Takeda et al. Antimicrob Agents Chemother. 2007;51:826-30. 2. Crandon et al. Antimicrob Agents Chemother. 2012;56:6137-46. 3. Davies et al. ] Antimicrob Chemother.
2011,;66:2298-2307. 4. Livermore. Clin Infect Dis. 2002;34:634-40. 5. Riera et al. J Antimicrob Chemother. 2011;66:2022-7. 6. Zhanel et al. Drugs. 2007;67:1027-52.



TalOMUIMOKTAMN

Apaoctikotnta Evavtt ESBLs

AvaotaAtikn dpaon avaotoAEéwv B-AaKTapoowyv Evavtt Stadpopwv B-AoKTOpHAowWVY

‘Eviupo B-Aaktapaonc

AmpC CTX-M SHV TEM KPC MBL
2OUAUTOKTAMN? -/+2 + + + ; -
KAaBouAaviko
e - + + + - -
Talopmaktapn® - + + + - -
ABBaktapn’ + + + + + -

1. Livermore et al. J Antimicrob Chemother. 2010;65:1972-4. 2. Titelman et al. Diag Microbiol Infect Dis. 2011;70:137-41. 3. Drawz and Bonomo. Clin Microbiol Rev. 2010;23:160-201. 4. Jacoby and
Munoz-Price. N Engl J Med. 2005;352:380-91. 5. Shadid et al. Crit Rev Microbiol. 2009;35:81-108. 6. Ceftolozane/Tazobactam SmPC 2017. 7. Zhanel et al. Drugs. 2013;73:159-77.



KedtoAolavn/TolopnmaKTAapn

XapnAn MICgy, évavtt ESBLs (cuykevtpwtikd dedopuéva)

Efficacy of ceftolozane/tazobactam against urinary tract and
intra-abdominal infections caused by ESBL-producing Escherichia coli
and Klebsiella pneumoniae: a pooled analysis of Phase 3 clinical trials

Myra W. Popejoy'*, David L. Paterson?, Daniel Cloutier!, Jennifer A. Huntington?, Benjamin Millerl, Caleb A. Bliss?,
Judith N. Steenbergen’, Ellie Hershberger!, Obiamiwe Umeh! and Keith S. Kaye?
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Figure 1. Distribution of ceftolozane/tazobactam MICs for ESBL-ENT (pooled ME population). Journal of Antimicrobial Chemotherapy Advance Access published October 5, 2016



KedtoAolavn/Talopmaktaun

In vitro activity In vivo efficacy

Pseudomonas aeruginosa, including drug-resistant Activity in mouse models of sepsis, pneumonia, uti, burn
strains wound infection, thigh infection

Escherichia coli, including ESBL-positive strains Pharmacokinetics

Klebsiella pneumoniae, including ESBL-positive * Linear PK

strains * Lung penetration

Minimal activity against Gram-positive bacteria * Rapid tissue distribution

Limited activity against anaerobes No activity * Minimal accumulation

against KPC, MBL * Extensive renal excretion

* Low protein binding
Development * Minimal CYP450 drug-drug interactions

cUTI, clAl, nosomial pneumonia



Ceftolozane/Tazobactam Plus Metronidazole for
Complicated Intra-abdominal Infections in an
Era of Multidrug Resistance: Results From a
Randomized, Double-Blind, Phase 3 Trial
(ASPECT-cIAI)

Joseph Solomkin,' Ellie Hershberger,® Benjamin Miller,” Myra Popejoy.” lan Friedland ™ Judith Steenbergen.?
Minjung Yoon,” Sylva Collins.? Guojun Yuan,” Philip 5. Barie,” and Christian Eckmann'

Dpartment of Surgiry, Ursversity of Cincinnati College of Medicing, Cincirnati, Ohin; “Cubist Prarmateuticals, Lesingion, Massachisens, “Departments
ol Sll'!;lu', and Medicing, Wil Comell Misdica fulk:;m_ M York, Mew York: and i|,-||-|_|L1""|||.:'|I of Gemeral, Visceml and Thoracic S.||;|u|-|'_ Acadernic
Haspita of Medical Unsersity Hannover, Peine, Germany

Ceftolozane-tazobactam compared with levofloxacin in the
treatment of complicated urinary-tract infections, including
pyelonephritis: a randomised, double-blind, phase 3 trial
(ASPECT-cUTI)

Florian M Wagenlehner, Obiamiwe Umeh, Judith Steenbergen, Guojun Yuan, Rabih O Darouiche

Ceftolozane-tazobactam versus meropenem for treatment
of nosocomial pneumonia (ASPECT-NP): a randomised,
controlled, double-blind, phase 3, non-inferiority trial

Marin H Kollef, Martin Novdek, Ulo Kivistik, Alvaro Réa-Neto, Nobuaki Shime, lgnacio Martin-Loeches, Jean-Francois Timsit,
Richard G Wunderink, Christopher | Bruna, Jennifer A Huntington, Gina Lin, Brian Yu, Joan R Butterton, Elizabeth G Rhee

—

EVKPLTIKEG MEAETEC



ASPECT-cUTI
Outcomes in Key Subgroups (mMITT at TOC)

ESBL-producing pathogens

Levofloxacin-resistant pathogens

O Ceftolozane/tazobactam B Levofloxacin Ceftolozane/tazobactam B Levofloxacin
100 - 00,2 100 - 90
£ g 73,7 £ g0 - 76,8
]
s 62,3 s 60
o 60 - = 60 -
= =
= 2
2 40 - 35,1 2 40 - 39,3
c c
2 @
et =r
a 20 - 5 20 -
{] | D n I
Composite cure Clinical cure Composite cure Clinical cure
Ceftolozane/ . Ceftolozane/ .
Tazobactam Levofloxacin 95% Cl Tazobactam Levofloxacin 95% Cl
Composite cure 38/61(62.3%)  20/57 (35.1%) 92to429 Composite cure 60,100 (60.0%) 44/112 (383%) 7.2t0332
Clinical cure 55/61 (90.2%)  42/57 (73.7%) 2 6to30.2 Clinical cure 90/100 (90.0%) B6/112 (76.8%) 3.1to229

Wagenlehner et al. ECCMID 2014. Poster eP449.
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KedtoAolavn/Talopmaktaun vs. MEpPOTEVEUNG
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Solomkin et al. Clin Infect Dis. 2015;60(10):1462-71.
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Ceftolozane/tazobactam 3-gram dose regimen is an efficacious and well-
tolerated treatment option for critically ill patients with ventilated, gram-
negative nosocomial pneumonia

Ceftolozane-tazobactam group Meropenem group % difference (95% CI)*

28-day all-cause mortality (ITT population)t

Overall 87/362 (24-0%) 92/364 (25-3%) 11(-51to7-4)¢

Ventilator-associated pneumania 63/263 (24-0%) L2256 (20-3%) -3-6(-10-7 to 3-5)%

Ventilated hospital-acquired pneumonia 24/99 (24-2%) A40/108 (37-0%) 12-8 (0-2 to 24-B)§
28-day all-cawse mortality (microbiological ITT population)t 53/264 (20-1%) 63/247 (25-5%) 4-4 (-2-8to 11-8)4
Clinical cure at test of cure (ITT population)t

Overall 197/362 (54-4%) 194/364 (53-3%) 11 (-6-2 to 8-3)

Ventilator-associated pneumonia 1471263 (55-9%) 146/256 (57-0%) -11{-9-6to7-4)%§

Ventilated hospital-acquired preumonia 50/99 (50-5%) 48108 (44-4%) 6-1{-7-4to19-3)§
Clinical cure at test of cure (clinically evaluable population )]

Owverall 139/118 (63-8B%) 143221 (64 7%) -1-3 (-10-2 ta 7-7)%

Ventilator-associated pneumania 105/159 (66-0%) 111/172 (64-5%) 1.5 (-8-7 to 11-6)5

Ventilated hospital-acquired preumonia 34/59 {57-6%) 32/49 (65-3%) -7-7(-25-0to 10-6)%
Microbiological eradication at test of cure (microbiological 193/264 (73-1%) 168/247 (68-0%) 4-5(-3-4t012.5}¢
ITT population)t

Lancet Infect Dis. 2019 Sep 25



Jupnepaocpotika : KedptoAolavn / TalopmaKkTapn

Mnyaviocuoc dpaonc

* TaXEWC BaKTNPLOKTOVOC
e AvaoTtoArn ocuvBeong
KUTTOPLKOU TOLXWUOTOG

e Evepyoc evavtl P,
aeruginosa |\€ OVETIAPKELEG

N LETAANAEELC TTOpPivNG

In vitro §paocTtikoTnTA EvOeifelc

e EvtepoBaktnplaka (E. Coli, Klebsiella ® ETiumAgyueveg

nou mapayouv ESBL, AmpC EVOOKOLALOLKEC
AoLpwEELC (e

e Avwtepn avtipsvdopovadikn 6pac petpovidalon)

o€ oxeon He keptaldtdipn (moANamAol e ETUTAEYUEVEC

LLNXOVLOMOL avToXNC) AOLLUWEELC
OUPOTIOLNTLKOU

* OxL 6paoTikn Evavtl oTeAeEXwV nov  (ruehovedpitida)

napayouv KPC, MBLs  NOOOK mveupoVvLa

David van Duin, Robert A. Bonomo. CID 2016:63 63(2):234-41



The management of intra-abdominal ®emer

infections from a global perspective: 2017
WSES guidelines for management of intra-
abdominal infections

Appendix 4
Empiric antimicrobial regimens for critically ill patients

with healthcre-associated |1Als. Mormal renal function
Healthaare-assodated [Als
Critically ill patients
Mempenem 1 g 8-houorly
or

Doripenem 500 mg 8-hourly

or

Imipenem/Cilastatin 1 g 8-houdy

or

As a carbapenem-sparing regimen

Ceftolozane (Tazobactam 1.5 g 8-hourly + Metmo-
nidazole 500 mg 6-hourly

or

Ceftazidime /Avibactam 2.5 g 8-houdy + Metmo-
nidazole 500 mg 6-hourly

+

Vancomycin 25-30 mg'kg loading dose then 15-20

mg/kg/dose 8-hourly

or

Teicoplanin 12 mg'kg 12-hourly times 3 loading

dose then 12 mg/'kg 24-houdy

Or

In patients at risk for infection with vancomycin-resist-
ant enterococci (VRE) including patients with previous
enterococcal infecion or colonizaton, immMuonocom-
promised patients, patients with long ICU stay, or recent
Vancomycin exposure

Linezolid 600 mg 12-houdy

or

Daptomycin 6 mg/kg 24-hourly

4

In patients at high risk for invasive candidiasis

Echinocandins: caspofungin (70 mg LD, then 50 mg

daily), anidulafungin (200 mg LD, then 100 mg

daily), micafungin (100 mg daily) or Amphotericin

B Liposomal 3 mg/kg/dose 24-hourly

In patients with suspected or proven infection with
MDE (non-metallo-beta-lactama se-producing)  Pseudo-
monas aeruginosa consider use of antibiotic combina-
tions with Ceftolozane /Tazobactam

In patients with suspected or proven infection with
carbapenemase-producing Klebsiella pneumoniae con-
sider use of antibiotic combinations with Ceftazidime/
Avibactam

In patients with documented beta-lactam allergy
consider use of antibiotic combinations with Amikacin
15-20 mg'kg 24-hourly



2upmnepAndOnke otic AteBveic KatevuBuvtnpiec Odnyiec 2017
yLa TLc EmutAeypéevec Evoo-kohlakec AoLpwéeLg

Euntelpikn Oepamneia: uotaon 2A

Empiric Therapy Recommendation

Ceftolozane/Tazobactam + Metronidazole

Empiric Therapy (general)

Resistant P. aeruginosa
MDR, XDR, PDR P. aeruginosa

ESBL-producing Enterobacteriaceae

KPC-producing Enterobacteriaceae

AmpC-B-lactamase-producing Enterobacteriaceae

Carbapenem-resistant Enterobacteriaceae

2A

Use primarily for higher-risk patients with IAl suspected or proven
to be caused by ESBL-producing Enterobacteriaceae and resistant
strains of P. aeruginosa for which other agents are not suitable

2C
2B
2B

No recommendations

No recommendations

No recommendations



JuuneplAndOnke otig Atebveic
KatevOuvtipieg 0dnyieg 2017 yia tig
ErunAeypéveg AOLUWEELC TOU

OupomnotntikoU ZUGTANATOC

w European Association of Urology

Urosepsis

Urosepsis is a systemic, deleterious host response to infection originating from the urinary
tract and/or male genital organs. Urosepsis is accompanied by signs of systemic
inflammation, presence of symptoms of organ dysfunction and persistent hypotension
associated with tissue anoxia.

Recommendations for parenteral antimicrobial therapy of urosepsis

Anti-microbials Daily dose | LE GR | Comments
Cefotaxime 2qgtid 2 A" Mot studied as monotherapy in
Coftazidime 12gtid 5 A acute uncomplicated pyelonephritis.
Ceftriaxone 1-2gq.d 1b A" Lower dose studied, but higher dose
Cefenime 12abid |1b B recommended. Same protocol for
= . acute uncomplicated pyelonephritis
. =11 w
Piperacillin/tazobactam |2.54.5g |1b |A and complicated UTI (stratification
tid not always possible).
Ceftolozane/tazobactam | 1.5gti.d 1b B
Ceftazidime/avibactam |2.5gtid 1b
Gentamicin 5mag/kg 1b B Mot studied as monotherapy in
q.d acute uncomplicated pyelonephritis.
Amikacin 15mg/kg | 1b B
q.d
Ertapenem 1gq.d 1b B Same protocol for acute
imipenem/cilastatin 0.5/05g 1b B uncomplicated pyelonephritis and
tid complicated UTI (stratification not
— always possible).
Meropenem 1gtid 2 B
Doripenem 05gtid 1b B

" Upgraded based on panel consensus.




KedtoAoldvn / talopnaktdpn: o€ oo aacOesvi?

» H kedtololavn-talopnaktapun vea erthoyn ya kaAupn avOektikwyv gram (-) [ESBL, AmpC]
» loyxupn avtupevdopovadikn dpaon (moAAarAol pnxaviopot avtoxng)
» Aev €xeL dpaon og moAvavBekTikd Gram (-) mou mapayouv KapPanevepdosc (CRE)

JTOYEVMEVN: aoBeveic pe

ETWTAEYLEVN EVOOKOLALOKI) / \
Aolpwén i oupomonTkoy Kedtololavn/
a6 ESBL ) amo (R) TA{OUTIOKTA NN ATIOKMHLAKWON
pseudomonas = 4 W 0 QVTOXWV OE
; KapPaTeVELEG
Eunelpikn: ooBeveic pe Arodpuyn '
eTUMAEYLEVN EVEOKOALOKNA Qapﬁaneveuwv /
Aolpwén 1 oupomolntikou +
TMOLPAYOVTEC KLVOUVOU yLa * HAwia >70
ESBL e JokyX. Aapnitng

e Charlson index >3

* MNpoodatn voonAeia (evtog 3 pnvwv)

* Mpoodata avrifLlotikd (evtog 3 unvwv)
e Awapovi o€ oiKko gvynpiog

* OupokaBetipag



Diazabicyclooctanones : Avibactam

Ceftazidime — Avibactam : Old Cephalosporin & New Inhibitor
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Ceftazidime-Avibactam: Old Cephalosporin & New Inhibitor

Ceftazidime

Extended-spectrum cephalosporin with
activity against Enterobacteriaceae and
P. aeruginosa?

Binds PBPs, leading to bacterial cell lysis? I

__OC(CH),COOH

/_(H/n
_ \_(S 7
S AN 0 /NT)\/O
Y
COO”

NH,

1. Extended b-lactamase spectrum
2. Reversible inhibition: Recycling

3. No b-lactamic back bone — no induction
of b-lactamases

Avibactam

Novel non-B-lactam

B-lactamase inhibitor with a unique
mode of action?

High binding affinity for Class A, C and
some Class D B-lactamases (ESBLs, KPCs
and AmpC), some of which are resistant
to current agents (e.g. KPCs)3

Ceftazidime-avibactam is the first BL/BLI to
retain activity against KPC-producing isolates,

along with ESBLs, Ampc, and OXA-48

ESBLs: extended-spectrum B-lactamases, KPC: Klebsiella pneumoniae carbapenemase, OXA:
oxacillinasel. ] Antimicrob Chemother. 1983,;12:119-126 2.Proc Natl Acad Sci. 2012;29:11663-11668. 3.
Drugs (2013) 73:159-177. 4 Int J Antimicrob Agents 2015,;46:483-93.5. J Antimicrob Chemother 2016;

71 27132777



http://upload.wikimedia.org/wikipedia/commons/0/0d/Ceftazidime.png

Activity of Ceftazidime-Avibactam

Metallo enzymes (MBLs)

<*

| | | \ evmmEEEREEEREEEE,

Class C

“IIIIIIIIIIIIII.
..IIIIIIIIIIIIII‘

..llllllllllllll"

|
\

r-------------------

I Most enzymes are impaired by avibactam

Inhibitory capacity remains variable E
v

.III

TEM: temoneira; SHV: sulfhydryl variable; ESBLs: Extended spectrum b-lactamases CTX-M: cefotaxime-B-lactamases KPC: Klebsiella pneumoniae
carbapenemase, IMP, imipenemase-type carbapenemase, VIM: Verona integron-encoded metallo-8-lactamase, NDM: New Delhi metallo-6-lactamase,
OXA: oxacillinase-type carbapenemases, 1. Antimicrob Chemother 2016; 71: 2713-2722..



Ceftazidime-avibactam PK/PD data

No drug—drug interaction between ceftazidime and avibactam
Ceftazidime and avibactam undergo renal elimination

No dose adjustments necessary based on age or gender

Ceftazidime-avibactam penetrates well into lung ELF; drug levels proportional to those in plasma

Dose adjustments necessary in patients with moderate to severe renal impairment; dose adjustments

simple due to linear PK

Ceftazidime-avibactam 2000-500 mg q8h infused over 2 h provides adequate exposure against clinically

relevant Gram-negative pathogens

1. Edeki T et al. ICAAC 2013; Poster A-1019 2. Merdjan H et al. Clin Drug Investig. 2015;35:307—317 3. Tarral A, Merdjan H. Clin Ther. 2015;37(4):877—-886 4.
Nicolau D et al. ICAAC 2013; Poster A-1027 5. Crandon JL et al. Antimicrob Agents Chemother 2012;56:6137-6146 6. Das S et al. ECCMID 2015; Abstract



Ceftazidime-Avibactam Microbiological Spectrum

Gram (-) bacteria m HAP , VAP

Citrobacter freundii
Enterobacter cloacae
Escherichia coli
Klebsiella oxytoca
Klebsiella pneumoniae

Proteus mirabilis

N ¥ X N X X X
N N XN ® X

Pseudomonas aeruginosa

NN X N x X

X
x

Serratia marcescens

% |n vitro sensitivity but not enough data to justify use

Zavicefta SPC 2019



Caz-Avi: Breakpoints

Table 1. EUCAST and CLSI/FDA breakpoints for ceftazidime-avibactam (CAZ-AVI)

T T S

Disk diffusion Broth Disk diffusion
Disk potency . o . Disk potency
microdilution
CAZ/AVI 10/4 pg CAZ/AVI 30/20 pg

Broth
microdilution

(:]gfji} Zone {i:?-ll:ll'::EtEFS [:;(i] Zone diameters (mm)

S R S R S R S R
Enterobacteriaceae <8 >8 <13 >13  <8/4 =16/4 > 21 <20
Pseudomonas aeruginosa <8 >8 <17 >17 <84 =16/4 >21 < 20

MIC, minimum inhibitory concentration, S, susceptible; R, resistant.

* DD overestimates resistance to caz-avi and is less concordant

(72%) than e-test (96%) to BMD (p=0.0003)

J Clin Microbiol 56:e01093-17
Zavicefta SPC 2018



Caz-Avi Indications

e Complicated intra-abdominal infection (clAl)
e Complicated urinary tract infection (cUTI), including pyelonephritis

* Hospital-acquired pneumonia (HAP), including ventilator associated

pneumonia (VAP)

e Caz-Avi is also indicated for the treatment of infections due to aerobic

Gram-negative organisms in adult patients with limited treatment options

Zavicefta spc 2019



Ceftazidime-avibactam : Clinical trial programme

Seven prospective, international,
multicentre, randomised Phase lll studies

REPRISE REPROVE
RECLAIM 1, 2 and 3: RECAPTURE 1 and 2 Adults . .
Adult "th Al with cUTI (including acute Adults with CAZ-resistant Adults with HAP (including
S pyelonephritis) pathogens VAP)

Double-blind randomisation Double-blind randomisation Open-label randomisation Double-blind randomisation

(1:1) (1:1) (1:1) (1:1)
CAZ 2000 mg+AVI CAZ 2000 mg+AVI 500 CAZ 2000 mg+AVI 500 CAZ 2000 mg+AVI 500
500 mg+metronidazole mg q8h IV or mg+metronidazole 500 mg q8h IV or
500 mg IV q8h or DOR 500 mg+placebo mg q8h IV or MER 1000 mg+placebo
MER 1000 mg qsh IV Best available therapy qsh IV

IV+placebo q8h

Primary objective

RECLAIM 1 and 2
Assess non-inferiority of
CAZ-AVI re: clinical cure
at TOC visit in patients
with >1 identified
pathogen (mMMITT
populations)

RECLAIM 3:

Proportion of patients
with clinical cure at TOC
visit (CE populations)

Primary objective
Assess non-inferiority of
CAZ-AVI on co-primary
endpoints in mMITT
analysis set:
Resolution of UTI-
specific symptoms
Resolution/improvemen
t of flank pain
Per-patient microbiol
eradication and
symptomatic resolution

Primary objective

Estimate per-patient
clinical response to CAZ-
AVI and best available
therapy at TOC visit in
cUTI and clAl caused by
CAZ-resistant Gram-
negative pathogens

Prim

Plus open-label empiric
linezolid+aminoglycosid
e

ary objective

Assess non-inferiority of
CAZ-AVI on clinical cure
rate at TOC visit in
cMITT and CE
populations

Clin Infect Dis. 2016;62:1380-9

Clin Infect Dis 2016 Sep 15,63(6):754-62
Lancet Infect Dis. 2016 Jun;16(6):661-67
Lancet Infect Dis. 2018 Mar;18(3):285-295.



Ceftazidime—avibactam: real-world data

More than 14 observational studies

. . Single-centre prospective, Multicenter
Single-centre, Multicentre, g T C
- ti - ti observational / prospective
retrospective retrospective . !
cohortr;tudies cohortF:;tudies mumcenter:-a secontrol  observational cohort
studies studies
| | |
* Aitken SL, et al. 2016 * Temkin E, et al. 2017 *Sousa A, et al. 2018 - van Duin D, et al. 2018

* Krapp F, et al. 2017
* Shields RK, et al. 2017

* Santevecchi BA, et al.
2018

* King M, et al. 201

* Tumbarello M, et al.
2019

* Shields RK, et al. 2018
* Alggizani A, et al. 2018
* DelaCalle C, etal. 2018

Strength of evidence

Aitken SL, et al. Clin Infect Dis. 2016,;63:954-8; Shields RK, et al. Clin Infect Dis. 2016;63:1615-8; Krapp F, et al. JAA. 2017,;49:770-3; Shields RK, et al. Antimicrob Agents
Chemother. 2017;61:e00883-17; Santevecchi BA, et al. Int J Antimicrob Agents. 2018;51:629-35; Shields RK, et al. Antimicrob Agents Chemother. 2018;62:€02497-18; Alggizani
A, et al. J Infect Public Health. 2018;11:793-5; De la Calle C, et al. IJAA. 2018. [Epub ahead of print]; Temkin E, et al. Antimicrob Agents Chemother. 2017,;61:e01964-17; Caston
JJ, et al. Int J Infect Dis. 2017;59:118-23; King M, et al. Antimicrob Agents Chemother. 2017;61:e00449-17; Sousa A, et al. ] Antimicrob Chemother. 2018;73:3170-5; Tumbarello
M, et al. Clin Infect Dis. 2019,;68:355—64; van Duin D, et al. Clin Infect Dis. 2018;66(2):163-71.



Treatment Failure

Ceftazidime—avibactam treatment: impact on survival

60%
50%
40%
30%
20%
10%

0%

W Ceftazidime-avibactam

§ 45%
P=0.04

8%

P=0.002

8%

Shields et al

B Comparator

p=0.005 | 6%

*37%

33%

van Duin et al Tumbarello et al

Data are almost exclusively against KPC-producing K. pneumoniae!

@ Used as salvage therapy

Antimicrob Agents Chemother. 2017;61(8):e00883-17;
Clin Infect Dis. 2018;66(2):163-71;.
Clin Infect Dis. 2019;68:355—64.



Caz-Avi & Carbapenem-Resistant K. pneumoniae Bacteremia

90% 85%
P=0.004
80%
P=0.009
70%
60% P=0.04
50% 48%
40%
40% 2 37%
30%
20%
10%
0% - : - : : , - ‘
C-A CB + AG CB + COL Other

Rates of 30-day clinical success across treatment regimens

By multivariable logistic regression, primary bacteremia (OR, 4.50; 95% Cl, 1.53 to
13.21; P =0.006) and receipt of C-A (OR, 8.64; 95% Cl, 1.61 to 43.39; P = 0.01) were

independent predictors of clinical success

Antimicrob Agents Chemother 2017. Jul 25,61(8) e00883-17



Colistin vs. Caz-Avi in the Treatment of Infections due to CRE

Hospital death

CAZ-AVI (n=38)

Age: 57 years Colistin (n=99)
Charlson: 2 (1-5) Age: 63 years

Pitt score 24: 18% - Charlson: 3 (2-5)

Propartion

BSI: 39% - Pitt score 24: 40% Alive in hospital or

Monoth erapy: 37% - BSI: 48% discharged not to home
| - Monotherapy: 6%

Discharged home

e |ncident renal failure was 5% for CAZ—AVI versus 13% for colistin

e |PTW-adjusted all-cause mortality at 30 days was 9% for CAZ—AVI vs 32% for colistin

e CAZ-AVI had an IPTW-adjusted 64% probability of a better outcome versus colistin

Clin Infect Dis. 2018;66:163—71.



CAV-AVI as salvage therapy in infections caused

by carbapenemase-producing K. pneumoniae (Italy)

Multivariate analysis of factors associated with 30-day mortality in the 208 patients with
K. pneumoniae carbapenemase-producing bacteraemia

Without propensity score

Adjusted for the propensity score

adjustment for therapy with CAZ-AVI
Variables P value OR (95% Cl) P value OR (95% Cl)
Mechanical ventilation <0.001 4.25 (1.99-9.09) <(0.001 4.31(1.99-9.33)
Charlson comorbidity index >3 0.001 3.31(1.61-6.77) 0.001 3.30(1.61-6.77)
Neutropenia 0.01 3.22(1.25-8.29) 0.03 3.36 (1.25-8.75)
Septic shock 0.002 2.95 (1.46-5.94) 0.003 2.94 (1.46-5.92)
Any regimen that included CAZ-AVI <0.001 0.25(0.13-0.51) 0.001 0.27 (0.13-0.57)

Clin Infect Dis. 2019 Jan 18;68(3):355-364




CAV-AVI : Real life experience in haematological patients

Int J Infect Dis. 2017 Jun;59:113-123. dei: 10.1016/.1jid. 2017.03.021. Epub 2017 Apr 6.

Clinical efficacy of ceftazidime/avibactam versus other active agents for the treatment of
bacteremia due to carbapenemase-producing Enterobacteriaceae in hematologic patients.

Caston JJ7, Lacort-Peralta |2, Martin-Dévila P*, Loeches B*, Tabares S°, Temkin L® Torre-Cisneros J7, Pafio-Pardo JRS.

28th I D EURDPEAN CONGRESS OF Madrid, Spain
CLINICAL MICROBIOLOGY 2
ECCM NEREIRININ 21 —24 April 2018

P0681 Ceftazidime-avibactam as empiric therapy in febrile neutropenic high-risk
haematological patients, HMpts, colonized with carbapenem-resistant Klebsiella
pneumoniae (CRKP)

Alessandra Micozzi*' ', Michela Ansuinelli', Clara Minotti', Claudio Cartoni’, Silvia Maria
Trisolini', Saveria Capria', Walter Barberi', Stefania Santilliz, Alessandra Giordano?,
Giuseppe Gentile'

'Hematology, Cellular Biotechnologies and Hematology Sapienza University of Rome, ?Microbiology,
Dipartimento di Sanita pubblica e Malattie Infettive Sapienza Universita di Roma

Int J Infect Dis. 2017 Jun;59:118-123



Caz-Avi as salvage therapy for infections due to OXA-48

carbapenemase-producing Enterobacteriaceae

e Observational study of a

Table 3. Comparison of patients receiving monotherapy versus combination treatment with ceftazidime/avibactam

prospectively collected cohort,

Variable Monotherapy (n = 46) Combination (n=11) P value

Age, years median (IQR) 69 (30-82) 58 (33-78) 021 .

Male sex, n (%) 35 (76) 9(82) 068 57 patle nts

Charlson index =2, n (%) 27 (59) 6 (55) 0.80

Hospital-acquired, n (%) 39 (85) 10(91) 0.59

INCREMENT-CPE score >7, n (%) 19 (41) 4(36) 0.76 .

Vasopressor use, n (%) 16 (35) 4 (36) 0.42 o Intra-a bdomlnal (28%)'

APACHE-II score, median (IQR) 20 (8-40) 23 (9-45) 0.13

CAZ/AVI started owing to previous treatment failure, n (%) 22 (48) 7 (64) 034

Source of infection, n (%) . ) . [0)
tmanary 5200 654 002 respiratory (26%), urinary (25%),
urinary 13 (28) 1(9) 0.18
intra-abdominal 10 (22) 4 (36) 031

Source control procedure, n (%) 7(15) 2(18) 0.18 0, 1 1 0, -

Time to start of treatment with CAZ/AVI, days, median (IQR) 2 (0-15) 4(2-17) 0.11 54%’ Seve re InfeCtlon’ 81%’ CaZ

14 day mortality, n (%) 7(15) 1(9 042

30 day mortality, n (%) 10 (22) 3(27) 0.69 . .

90 doy recurrence, n (%) 4o 2(18) 035 avi as monotherapy, median

Clinical cure, n (%) 37 (80) 7 (64) 0.44

Microbiological cure, n (%) 31 (67) 6 (54) 0.58

duration of treatment: 13 day

* Ceftazidime—avibactam shows promising results, for the treatment of patients with

severe infections due to OXA-48-producing Enterobacteriaceae

* The emergence of resistance to ceftazidime—avibactam was not observed

Antimicrob Chemother. 2018 Aug 7. doi: 10.1093/jac/dky295.



Caz-Avi Targeted - Therapy

Mpokeipévou va SiacpalioTei n opBoloyikn XpRon Tou avwTEpw OKEuaopartog, n EBvikn
Emirponn AvTiBioypaupaTog NpoTEivEl Ta KATWOI:
« [a kaBe nepinTwan yoprynong Zavicefta Ba npenel va nponyeital ouvepyaagia pe AoipwEIoAdyo N

Khvikd IaTpo ) BionaBokdyo pe epneipia oTic AoIpwEEIC.

« Zvoysupuévn Ospancia:

1. Ze howpwEsc and evrepoBakTnpiakd nou napayouv kappanevepdon (CPE) Tunou KPC 1 OXA-48

€ in vitro euaioBnoia oTo ev Adyw PAappako.

2. Ze hopwEeic and weudopovada pe in vitro euaioBnoia oTo ev Adyw QAappako, otav dev unapyel

aiAn anoTteAsopaTikn Bepansia.

o) Eav to Zavicefta Oa xopnynOei povo tou 1 o€ cuvduacud pe AANO SPaOTIKO GAPLLOKO EVOATOKELTOL OTNV Kpion
Tou Bgpamovtog Latpou,

B) og Arueg Aopwéelg mov odpeilovral o€ eviepofaktnplakd ovu napayouv KPC j OXA-48, sival mpoTLHoTEPO va
Xpnouonoteitan éva ano ta 3 naladtepa pdappaka av to tadoydvo £xel in vitro evalodOnoia og avta (m.y.
YEVTOauKivn, koAwotivn | pwodopukivn yid UTIs, TlyKEKUKALVN LA AOLHwEN XELPOUPYLKOU TPAUMATOG).



H ntpwtn npoomntikn kataypadn tnc xopnynonc Keprtalvrtipune-
ABwuraktapng o€ 15 EAAnvika Tpttofaduia Noocokopeia:

The Greek CAZ-AVI Registry (DeBpouaploc 2018 — Mdaptiog 2019)

Opyavwon: EAAnvikn Etaipeia XnpetoBepaneiog

* Me ohokAf :
« ApOuoc acBevwv: 110* (cuvoio 160) € ohokAnpwon kataypadig

* Boaktnplatpiec: 75 (70%)

* VAP: 20 (19%)

* MovoOepansia: 32% 5 &2
& N ;’

* Ovnrotnta: 14% gy

e Emtuxnc KAwiKn avtamnokpion: 85%

* Avantuén avtoxng: 2.7% (3 acBeveiq)

H Giamarellou, Personal Communication



Potential indications of ceftazidime-avibactam, as empiric treatment

* Known colonisation or prior infection (or
roomatea infected) by Entarcbacteriaceas
strain producing KPC or OXA-48 OR

* | ocal epidemiology (or recant hospitalzation
in settings) with mora than 20-25%
prewalence of carbapenem-producing and
ESBL-producing Enterobacteriaceas

» PLLIS any of the following

* Prior use of carbapanams and/or colistin

» |[CLU admission or long admission in hospital
wards

» Sovare hospital-acquirad infaction

* Immunossuppression, multiple comorbidities

Empiric treatmant

Ann Transl Med 2018;6(21):423



Diazabicyclooctanones : Avibactam

e Aztreonam — Avibactam

ATM against MBL but not ESBL, AmpC, serine carbapenameses =» achievable with Avi

- A Study to Determine the Efficacy, Safety and Tolerability of Aztreonam-Avibactam (ATM-AVI) + Metronidazole (MTZ)
Versus Meropenem (MER) * Colistin (COL) for the Treatment of Serious Infections Due to Gram Negative Bacteria.
(REVISIT) -NCT03329092)

- Efficacy, Safety, and Tolerability of ATM-AVI in the Treatment of Serious Infection Due to MBL-producing Gram-negative
Bacteria - NCT03580044

e Ceftaroline - Avibactam

CPT : fifth gen cephalosporin but not ESBL, AmpC, Acinetobacter, Pseudomonas



New p-lactam-pP-lactamase mmhibitor combmations i the clmic or in development

Combination

Company

Type of p-
Lactamase
Imbdbitar

Development Phase

US Climical Trial Numbers
(Status)

Caffolozams-tazobacam

Mlerci Cobsst Pharmaranicals

Sulfiones

FDA approved (2014)

NCTO1147640 :.-:-n:plel:ee."
NCT01853082

NETO1I85708. MO T0305 d“~
and NCTO23873T (rE-::'.um:E-.
NCTU2508733 (completed):
NCTO2421120 {racusting;
WCTO2620774 (not open yei)

Caftazmdime-aai bactam

Asrafsnaca Plammacsuncals,
Forest-Cerema, Actavis-Allerzan

DBO

FDA approved (2014)

NCTO1363220, NCTOI=30010,
WCTO1 200800, MCTOLG44643,
NCTO1280602, MCTOO0732219,
NCTOMED03TE, MCTOLS00B04,
NCTO1595438, NCTOIEE3344,
WCTO1409280, MCTOL 500239,
WCTO1830380, MCTOL 534247,
and MCTO1 TB8528
L:m:l:letai"- h{'TEI] 25023

cﬁlm:ﬁh-;_ .Lv.'.-:-n:plel:ei'
NCTO2475733
NCTO2M87781 re.-_ru:un__]

Ceftaroline-mvibactam]

AstraFeneca Plommaceaiicals,
Forest-Cerema, Actvis-Allarzan

CEO

NCTO1624246, NCTO1281462
NCT01280900, and
NCT01789528 {completed)

Armeonam-ribactam

Asraeneca Plommacsaicals,
Forest-Cerema, Actvis-Allerzan

NCTO1680207 {completad):
NCT02655419 {not open yei)

Imipenensralshactam

Merck Sharp & Dobme
CorpoTation

CEO

NCTO1308271 (comrglesd)

Tl m
and NCTO1 505634
(conmpleted). NCTI2452047
and NCT03493754 (recruifing)

RF5080 (formerdy OB)305)

Meledin Sedka Pharpa Cio, Lad,
and Fadom

DBEO

Fhasa 1

WCT2134834 {completed)

Miemopenem-FRITHS

RE]:F-E':F!J.EJ‘.IIIE\.IH;
Mledicines Comparry) (=

Baronate

Fhase 3

WCTO1887779, WCTO2020434,
MHES;DE]]

oanm I;
[TCU2168946 and

HCT21EH TS re-'_ru:lm__li
NCTO175 '-'E-D
NCTO2687006 J:uxu]:-am'El]

Biapenem:- BP0

RE]:FE‘EHJIE‘JIIEE.H’.U;I__TI:E
Mledicines Comparry)

Baponate

Fhasa 1

WCT01772836 {completed)

S-64020

Shionogi

Cephalospenn

Phase 2

NCTO2321800 ]'EIII.L‘IJ.D__]
WCTO2T14585 J:uxu]:-am'El]

Diazabicyclooctanones : Relebactam

and OP0595 (RG6080)

* Relebactam + imipenem — cilastatin
- Lacks activity against MBLs and most

OXAs

- Improves activity against most species of
Enterobacteriaceae (reduces {, MIC x2-
128) and against some imipenem-

nonsusceptible P. aeruginosa ({4, MIC x8 )

- FDA approved for cUTI and clAl

Infect Dis Clin North Am. 2016 June ; 30(2): 441-464



New p-lactam-pP-lactamase mmhibitor combmations i the clmic or in development

Combination

Company

Type of p-
Lactamase
Imbdbitar

Development Phase

US Climical Trial Numbers
(Status)

Caffolozams-tazobacam

Mlerci Cobsst Pharmaranicals

Sulfiones

FDA approved (2014)

NCTO1147640 1
NCTO185308] (termnated).
NCTO2266706, NCTU2070757,
and MCTO23873 73 (recruising).
NCT02508753 | f)-
NCTO2421120) {recrusting);
WCTO2620774 (not open yei)

Caftazmdime-aai bactam

Forest-Cerema, Actavis-Allerzan

DBO

FDA approved (2014)

NCTO1363220, NCTOI=30010,
WCTO1 200800, MCTOLG44643,
NCTO1280602, MCTOO0732219,
NCTOMED03TE, MCTOLS00B04,
NCTO1595438, NCTOIEE3344,
WCTO1409280, MCTOL 500239,
WCTO1830380, MCTOL 534247,
and MCTO1 TB8528
L:ﬂm_:l&:aﬂ"-: NCTO1 725023

conmletsd); and

JCTU1806087 (completed):
NCTI2475733 and
NCTI2407781 (Tecuiting)

Ceftaroline-mvibactam]

Faorest-Cerexa, Actavis-Allerzan

CEO

NCTO1624246, NCTO1281462
NCT01280900, and
NCT01789528 {completed)

Armeonam-ribactam

Forest-Cerexa, Actavis-Allarzan

NCTO1680207 {completad):
NCT02655419 {not open yei)

Imipenensralshactam

Merck Sharp & Dobme
Cnrporation

CEO

N P
mdNCTO1505634
(conmpleted). NCTI2452047
and NCTO3403754 (recruiting)

RF5080 (formerdy OB)305)

Meledin Sedka Pharpa Cio, Lad,
and Fadom

DBEO

Fhasa 1

WCT2134834 {completed)

Miemopenem-FRITHS

Fampey, Pharmaceaticals
Mledicines Comparry) (=

Baronate

Fhase 3

NCTO1807779, NCTOR020434,
mxﬂuﬁu

OOnIm I,
[TCH21689446 and
NCTO 151260 (ot
WCTO2627906 (niot apen vai)

Biapenem:- BP0

Bampey, Pharmaceaticals (The
Mledicines Comparry)

Baponate

Fhasa 1

WCT01772836 {completed)

S-64020

Shionogi

Cephalosporm

Phase 2

NCT02321500 (recruiting);
NCT02714595 {not open vef)

Diazabicyclooctanones : Relebactam

and OP0595 (RG6080)

e RG6080 : inhibits Class A and C, but
also PBP-2 =2 does not need a B-
lactam partner for antimicrobial

activity

Infect Dis Clin North Am. 2016 June ; 30(2): 441-464



Promising new f-lactams o7 f-lactamase inhibitors in preclinical development

Type of p-Lacramase
B-Lactamase Inhibitor Mame Parrner fi-Lactam Compamy 2 hibiter
FPE-1443 Azireonam or cefizridime  Fedom DB (adse mhibits PE2
acimaty)
WCE 4134 Maropanan Wesckibard, Lid OBO
WO201303073 5 Mot mecamaryT Wesckibard, Lid OBO (also mhibis PEP
actraty)
WCE 3153 Mot mecaaryT Wesckiordr, Lid DB (also mhibis PER
actraty)
Bxpzo{thiophane-2-boronic acid Coftandimg Tharabor and Fograts of  Beromate
the Uhnhvemsity of
Califormia
Sulfonansdo boromarizs (CE161, conppound 4, and conpoend Coftandiew or cofoteonwe Thambor and Fageats of  Boeromaie
=) the Univemsity of
Califormia
52030 Cofopime Cans Wastarn Fasans Beromate
Unrvmrzity and Unsvendta
deghi Stods di Modam &
Foggic Exilin
3 A-dindre-2F-banzofe][1,2] oxshonming-S-carboaryiic acid  Coffamdiesws or moropomam VenatcFx Phamacanticals  Beromaie
a-Amincbemeic acds Coftandimg VepaecFx Phamacenticals  Boromaie
3 4-Dihpdro-2H-tamea[0][ 1.2] omborinine- F-carboaylic acds  Carbapemam Forpen Fhormacouticals  Beromats
{Tha: Midicings
Compary)
Adldl Cafopime Allecra Tharsperatics Selfone
Sulfone dehathes Meropenans or imvipenem Cirched Pharmacauticals Selfone
Sulfone derhathees Meropenans or ivmipenam Dir Johm D). Binvmak Salfome
Sothan Mathodist
L:n:'.u-...i‘r_-']
Clram dahathes Caftamidinwg Mabriva Therapeatics Clnam
MGREITT Imipaneny hirati Tharapeutics Phosphoeats
BALIT2 Meropences or oo fi- Badlea Prormmcoratical Sidarophore monobacany
[aciam mequired
BALI3 7S (BALIY ™, BATIOEN, & clnmodamc acid) Mo fi-lactamn moquired Badlea Prormmcoratical Sidarophore
mencbactam, and a
claan
ME-ETI2 Imipanany harck Sharp & Diohmo Brideed momchactam
Corpomtion
Siderophors momchactrs Azireonam or peropenem.  POmr Sidarophore monobacany
Synll50 Caftamidinwe Taiho Phameacouticals Co Sidarophore monobacainy
3’ -Thiobsansary] cephalosporin Meropenany Ularwrsity of Wairioo, p-Lactn
Wiliid Lamier Universdty
FEF1685 and FSE-1671 Mo fi-laczm required FOB Synthesis [nc p-Lactn
ETZ: Imipaneny Unrvarsidad de 3 Bividamclidng
gy
MELITL Caftamidinyw or biapanem Maiid Saika Elaicha Ted Maksic acd darnatine

Diazabicyclooctanones in preclinical

- development

e Boronic acid (Vaborbactam)

- Mainrole: treatment of KPC-producing

Enterobaceriaceae.

- Reduced MICs

- Did not potentiate the activity of carbapenems
against P.aeruginosa and A.baumanii

- Meropenem/Vaborbactam approved for UTI

(not active against class B or D carbapenemases (ie, metallo-

beta-lactamases and OXA-type enzymes)

Infect Dis Clin North Am. 2016 June ; 30(2): 441-464



Promising new f-lactams o7 f-lactamase inhibitors in preclinical development

Type of p-Lacramase
B-Lactamase Inhibitor Mame Parrner fi-Lactam Compamy 2 hibiter
FPE-1443 Azireonam or cefizridime  Fedom DB (adse mhibits PE2
acimaty)
WCE 4234 Meropanar Wedkdard, Ll DB
WC2013.030725 Mot mecawary T Wedkdard, Ll DB (adse mhibits PEP
actraty)
WCE 5153 Mot mecauary T Weckdard, Lid DB (alse mhibits PEP
actraty)
Bxpzo{thiophane-2-boronic acid Coftandimg Tharabor and Fograts of  Beromate
the Uhnhvemsity of
Califermia
Sulfonansdo boromarizs (CE161, conppound 4, and conpoend Coftandiew or cofoteonwe Thambor and Fageats of  Boeromaie
=) the Univemsity of
Califrreis
52030 Cofopime Cans Wastarn Fasans Beromate
Unrvmrzity and Unsvendta
degi Srndt & Modam &
Flogrgic Exnilis
3 A-dindre-2F-banzofe][1,2] oxshonming-S-carboaryiic acid  Coffamdiesws or moropomam VenatcFx Phamacanticals  Beromaie
a-Amincbemeic acds Coftandimg VepaecFx Phamacenticals  Boromaie
3 4-Dihpdro-2H-tamea[0][ 1.2] omborinine- F-carboaylic acds  Carbapemam Forpen Fhormacouticals  Beromats
[The Mudicines
Compary)
Adldl Cafopime Allecra Tharsperatics Selfone
Sulfone dehathes Meropenans or imvipenem Cirched Pharmacauticals Selfone
Sulfone derhathees Meropenans or ivmipenam Dir Johm D). Binvmak Salfome
Sowitom Mathodist
L:n:'.u-...i‘r_-']
Clram dahathes Caftamidinwg Mabriva Therapeatics Clnam
MGREITT Imipaneny hirati Tharapeutics Phosphoeats
BALIT2 Meropences or oo fi- Badlea Prormmcoratical Sidarophore monobacany
[aciam mequired
BALI3 7S (BALIY ™, BATIOEN, & clnmodamc acid) Mo fi-lactamn moquired Badlea Prormmcoratical Sidarophore
mencbactam, and a
claan
ME-ETI2 Imipanany harck Sharp & Diohmo Brideed momchactam
Corpomtion
Siderophors momchactrs Azireonam or peropenem.  POmr Sidarophore monobacany
Synll50 Caftamidinwe Taiho Phameacouticals Co Sidarophore monobacainy
3’ -Thiobsansary] cephalosporin Meropenany Ularwrsity of Wairioo, p-Lactn
Wiliid Lamier Universdty
FEF1685 and FSE-1671 Mo fi-laczm required FOB Synthesis [nc p-Lactn
ETZ: Imipaneny Unrvarsidad de 3 Bividamclidng
gy
MELITL Caftamidinyw or biapanem Maiid Saika Elaicha Ted Maksic acd darnatine

Diazabicyclooctanones in preclinical

development
e Sulfons

* Clavams

* Phosphonates

* Ciderophore cephalosporin, Monobactames,
Novel 3’ Thiobenzoyl cephalosporins, novel
carbapenems (as evaders of B-lactamases)

 MBL inhibitors : Bisthiazolidines

* Maleic acid derivatives

Infect Dis Clin North Am. 2016 June ; 30(2): 441-464



TO CONCLUDE...IN PRACTICE

Table 1: Classification of B-lactamase inhibitors and its properties

Clavulanic acid/ DBOs (DBO - Second generation of - pLI) Vahorbactam
sulbactam/tazobactam
First generation BLI Avibactam (First Relebactam Zidebactam (Second Nacubactam New generation
generation DBO) (First gen DBO) generation DBO) (Second gen DBO) L
p-lactam [-lactamase inhibitor Non-f-lactam/p-lactamase mhibitor
Denved from [-lactam Denved from DBO heterocyclic core structure Boronic acid
scaffolds derivative

- Irreversible binding -

Cover only the class A Potent inhibitor of class A, C, D (OXA-48 Increased activity to class C p-lactamase than Potent mnhibitor of
p-lactamases (inactive producers, KPC) avibactam and relebactam class A (KPC) and
against class C/D) C p-lactamase
Only sulbactam has intrinsic No useful intrinsic antibacterial activity Intrinsic activity against P aeruginosa and -
activity against A. baumannii A. baumannii
- Not effective against Acinefobacter sp.. Potent 1n activators of P aeruginosa PBP2 and -

producing OXA tyvpe carbapenemases A. baumannii PBP2 (umique about 2% gen DBO)

- No activity agamnst MBL producers - -

DBOs: Diazabicyclooctanes, PLI: B-lactamase inhibitors, F aeruginosa: Pseudomonas aeruginesa, A. baumannii: Acinetobacter baumannii, MBL: Metallo
p-lactamase

Clin Microbiol Rev 2010;23:160-201
Cold Spring Harb Perspect Med 2016;6.



TO CONCLUDE...IN PRACTICE

New B-lactam/B-lactamase inhibitor and its spectrum of activity against multi-drug

resistant Enterobacteriaceae, Pseudomonas spp. and multi-drug resistant Acinetobacter spp.

pL/pLI Enterobacteriaceae Pseudomonas spp. Acinetobacter
ESBL AmpC ESBL + bla, bla,, blay,, bla, + ESBL MBL + ESBL bla,,,  ompK35/  ESBL AmpC Efflux oprD bla,/ PP
AmpC + AmpC + AmpC  + ESBL ompK36 mutant* mutant bla,,
Celtazidime/avibactam v v v i X v v x v NA v + NA x x
Ceftolozane/tazobactam v &b ES x x x X x x NA v v v X x
Aztreonam/avibactam v v v v v v v v v NA v x NA v x
Imipenem/relebactam v v v Ve x x v x x x v v v v x -
Meropenem/Vaborbactam v v v vd x x v x x x v v x x X x

v': Active, x: Not active. = May or may not be. “Ceftazidime/avibactam not effective against bla, ., and bla, . producing ST258, "Ceftolozane/tazobactam 1s not active against de-repressed AmpC producing
Enterobacter spp. but active against Chromosomal AmpC, “Imipenem-relebactam active against bla, . . except bla, ., , variant, dMeropenem-Vaborbactam active against bla, ., . Except KPC producing K.
pneumoniae ST11, *For K. pneumoniae. MDR: Multi-drug resistant, BLI: B-lactamase inhibitor, NA: Not available, pL: f-lactam, ESBL: Extended spectrum p-lactamases



TO CONCLUDE...IN PRACTICE

Clinical interpretative criteria of newer B-lactam/B-lactamase inhibitors

from Clinical and Laboratory Standards Institute guideline 2018

Ceftazidime/avibactam Ceftolozane/tazobactam
Disc diffusion
Enterobacteriaceae =21/<20 mm (S/R) =21/18-20/<17 mm (S/I'R)
Pseudomonas spp. =21/<20 mm (S/R) =21/17-20/<16 mm (S/I'R)
MIC
Enterobacteriaceae <8/4/216/4 ng/ml (S/R) <2/4/4/4/=16/4 ug/ml (S/I/R)
Pseudomonas spp. <8/4/=216/4 ng/ml (S/R) <4/4/8/4/=16/4 ug/ml (S/I'R)

MIC: Minimum inhibitory concentration



AvTIBLOTLKA TTOU QVOMEVOUUE yia gram (-)

MDR MDR
P.aeruginosa | Acinetobacter

Cefiderocol KPC and NDM-1
Ceftolozane- Tazobactam NO

Ceftazidime-avibactam KPCs and OXA-48
(not active against
MBLs)

Ceftaroline fosamil- KPCs and OXA-48
avibactam (not active against
MBLs)

Aztreonam-avibactam MBLs such as NDM

Meropenem/vaborbactam KPCs
Imipenem/cilastatin- KPCs and OXA-48
relebactam (not active against
MBLs)




BE SPARING but NOT STINGY, when
other options available to keep it A[:;T|VE

useful 1!

DE-ESCALA’[E




iIght drug
Ight time

iIght dose
Ight duration

Thank you for your patience !



