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•MDR: resistant to ≥3 
antibiotic classes

•XDR: resistant to all but 
two classes, such as 
polymyxins and 
glycylcyclines), 

•PDR: resistant to all 
commercially available 
antibiotics 

•Cause serious infections 
associated with 
increased morbidity and 
mortality

•Prolong hospital stay 
and increase cost

•Limited treatment 
options

An international expert proposal for interim standard 
definitions for acquired resistance
Magiorakos AP et al. CMI 2012; 18: 268–281. 

Definitions Consequences





Cassini A Lancet ID DOI: 10.1016/S1473-3099(18)30605-4

• 130 Infections/100.000 populatiom
• 6.5 deaths/100.000 population
• Greece 1626 attributable deaths



• Global distribution and prevalence

• Association with antimicrobial resistance mechanisms

•

• Ability to colonize human hosts

• Effective transmission among hosts 

• Cause of severe and/or recurrent infections

Mathers AJ CMR: 2015; 28: 565

Characteristics of High-Risk Clones
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FIGURE 1 | Epidemiological features of KPC-producing Klebsiella pneumoniae. (1)USA; (2)Colombia; (3)Brazil; (4) Argentina; (5) Italy; (6)Greece; (7)

Poland; (8) Israel; (9) China; (10) Taiwan; (11) Canada; (12) Spain; (13) France; (14) Belgium; (15) Netherlands; (16) Germany; (17) UK; (18) Ireland; (19)Sweden; (20)

Finland; (21) Hungary; (22) India; (23)South Korea; (24) Australia; (25)Mexico; (26)Cuba; (27) Puerto Rico; (28) Uruguay; (29) Portugal; (30) Switzerland; (31) Austria;

(32) Czech Republic; (33)Denmark; (34)Norway; (35) Croatia; (36) Turkey; (37) Algeria; (38)Egypt; (39) South Africa; (40) Iran; (41) United Arab Emirates; (42)

Pakistan; (43) Russia; (44) Japan.
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FIGURE 3 | Epidemiological features of NDM-producing K. pneumoniae. (1) India; (2) Pakistan; (3) Bangladesh; (4)Canada; (5) USA; (6)Colombia; (7) Spain;

(8) France; (9) UK; (10) Italy; (11) Switzerland; (12) Greece; (13) Turkey; (14) Saudi Arabia; (15) Oman; (16) United Arab Emirates; (17) Kuwait; (18) Morocco; (19)

South Africa; (20) China; (21) South Korea; (22)Japan; (23) Taiwan; (24) Singapore; (25) Australia; (26)Mexico; (27)Guatemala; (28)Brazil; (29) Ireland; (30)Germany;

(31) Netherlands; (32) Czech Republic; (33) Poland; (34) Hungary; (35) Romania; (36) Croatia; (37) Norway; (38) Sweden; (39) Finland; (40) Russia; (41) Algeria; (42)

Tunisia; (43) Libya; (44) Egypt; (45) Kenya; (46) Madagascar; (47) Mauritius; (48) Israel; (49) Iraq; (50) Iran; (51) Yemen; (52) Sri Lanka; (53) Nepal; (54) Thailand; (55)

Vietnam; (56) Malaysia, (57) New Zealand.
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FIGURE 4 | Epidemiological features of OXA-48-like-producing K. pneumoniae. (1)Turkey; (2)Morocco; (3)Tunisia; (4)Libya; (5)Egypt; (6) India; (7)

Argentina; (8)Spain; (9)France; (10)Germany; (11)Switzerland; (12)Belgium; (13)Netherlands; (14)UK; (15) Italy; (16) Israel; (17)Saudi Arabia; (18)Kuwait; (19)

Lebanon; (20)Japan; (21) Canada; (22)USA; (23) Ireland; (24)Poland; (25)Finland; (26)Hungary; (27)Romania; (28)Bulgaria; (29)Greece; (30)Russia; (31)Algeria;

(32)Senegal; (33)South Africa; (34)United Arab Emirates; (35)Oman; (36) Iran; (37)Sri Lanka; (38)Thailand; (39)Singapore; (40)South Korea; (41)Taiwan; (42)

Australia; (43)New Zealand.
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KPC	 NDM	

OXA-48	

The	VIM	and	IMP	producing	
strains	are	largely	confined	to	
their	original	foci		
i.e.	the	Mediterranean	countries	
(VIM)	and	the	Far	East	(IMP)		
	

Lee	CR	FronJ ers	in	Microbiol	2016;	7:	895		



Canton, et al. Clin Microbiol Infect 2012;18:413

Distribution of Carbapenemases in Europe

R Canton Clin Microbiol Infect 2012; 18: 413–431



Current Trends in Epidemiology of CPEs

Hospital setting

• Predominant bacterial host

– K. pneumoniae

• Predominant enzymes

– KPC

– VIM

– NDM

– OXA-48

Community setting

• Predominant bacterial host

– E. coli

• Predominant enzymes

– NDM

– OXA-48





Prevalence of CP-KP by Type of 
Carbapenemase (2006-2017-Laiko General 
Hospital)

G. Daikos, Personal DataCP-KP: Carbapenemase producing Klebsiella pneumoniae







Questions

• Are all the XDR bacteria species equal

• Are all the genotypes and phenotypes within 
the same species the same

• Bacteria in the same clone behave the same, 
are specific strains more virulent than others





Population Structure of K. pneumoniae
ST258

Mathers AJ CMR 2015; 28: 265 



Response to Treatment
Consider differences 

• Host

• Infection (site and severity)

• Bacteria

• Treatment regimens



Therapeutic Options for CR-GNB Infections

Pseudomonas Klebsiella Acinetobacter

• Colistin

•Fosfomycin

•Aztreonam?

•Ceftolozane/tazo
bactam

•Ceftazidime/  
avibactam

• Colistin

•Aminoglycosides

•Tigecycline

•Fosfomycin

•Aztreonam?

•Carbapenems?

•Ceftazidime/avib
actam

• Colistin

•Tigecycline

•Sulbactam

•Trimethoprim/sulf
amethoxazol

•Minocycline



Antimicrobial agent
No. of KPC-KP 

(% non-susceptible)

Colistin 76 (43)

Gentamicin 29 (16)

Tigecycline 11 (6)



Εξζλιξθ τθσ Αντοχισ ςε τελζχθ CR-Kp
ΓΝΑ «ΛΑΙΚΟ» 2003-2015

Tansarli G IJAA 2018; 52: 397–403 



ZAVICEFTA™ : Συγκριτικι in vitro δραςτικότθτα ζναντι ςτελεχϊν Klebsiella 
pneumoniae που παράγουν KPC και ΟΧΑ-48 καρβαπενεμάςεσ, Ελλάδα, 2014-

2016

KPC- K. pneumoniae 
(n=262)

OXA-48 - K. pneumoniae 
(n=14)

MIC90 Eυαιςκθςία % MIC90 Eυαιςκθςία % 

Zavicefta™ 2 99,6 1 100,0

Κολιςτίνθ >16 61,1 >16 42,9 

Σιγεκυκλίνθ 4 51,9 8 71,4

Φωςφομυκίνθ 512 57,3 128 78,6

Γενταμικίνθ 32 69,5 >256 28,6

Μεροπενζμθ >32 1,1 >32 0

Galani I et al DOI: 10.2807/1560-7917.ES.2018.23.30.1700775

https://doi.org/10.2807/1560-7917.ES.2018.23.30.1700775
https://doi.org/10.2807/1560-7917.ES.2018.23.30.1700775
https://doi.org/10.2807/1560-7917.ES.2018.23.30.1700775
https://doi.org/10.2807/1560-7917.ES.2018.23.30.1700775


• No randomized control trial
• Observational studies

- Small study size, selection bias
- Different outcome definitions
- Different definitions of combination therapy
- Different breakpoints (EUCAST, CLSI, old, new
- Many treatment regimens   

There is no evidence-based support for most 
combination therapies against CR-GNB



i

Tumbarello M et al. Clin Infect Dis. 2012;55:943-950

Kaplan Meier Curves of Survival Propability of Patients 

with KPC BSIs According to Treatment

P=0.002



Multivariate Analysis of Factors Associated with all-
cause 30-day Mortality of Patients with KPC BSIs

Variable P OR(95% CI)

Septic shock 0.008 7.17 (1.65-31.03)

APACHE <0.001 1.04 (1.02-1.07)

Inadequate empirical
Rx 

0.003 4.17 (1.61-10.76)

Definitive Rx
Col+tigecl+merop

0.01 0.11 (0.02-0.69)

Tumbarello M et al. CID 2012; 55: 943 



205 patients with CP Kp bacteremia
Treatment with a combination: Independent predictor of survival!! 

P=0.003

P 0.018

Mortality %

No active drug 33.3

Monotherapy 44.4

Combination 27.2

without a carbapenem 30.6

with a carbapenem 19.3

and MIC≤8 mg/L 19.3

and MIC>8 mg/L 35.5

2014



Effect of treatment against CP-Kp BSIs
(monotherapy vs combination therapy)

By severity of underlying disease By severity of sepsis

Daikos GL AAC 2014; 58: 2322





ORIGINAL ARTICLE

Predictors of outcome in ICU patients with septic shock caused by

Klebsiella pneumoniae carbapenemase–producing K. pneumoniae

M. Falcone1, A. Russo1, A. Iacovelli1, G. Restuccia1, G. Ceccarelli1, A. Giordano1, A. Farcomeni1, A. Morelli2 and M. Venditti1

1) Department of PublicHealthandInfectiousDiseasesand2) Department of AnesthesiologyandIntensiveCare,PoliclinicoUmbertoI, “Sapienza” Universityof

Rome, Italy

Abstract

The aim of this study was to identify factors associated with mortality in intensive care unit patients with Klebsiella pneumoniae

carbapenemase–producing K. pneumoniae (KPC-Kp) septic shock. A retrospective analysis of intensive care unit patients with KPC-Kp

infection and septic shock observed in alarge teachinghospital from November 2010 to December 2014 wasperformed. A total of 111

patients were included in the study. The most frequent source of infection was unknown-focus bacteraemia in 53 patients (47.7%). The

rate of resistance to colistin was 51.3%; 30-day mortality was reported for 44 patients (39.6%). Surviving patients were more frequently

treated with an initial therapy (within 24 hours) including two or more antibiotics displaying in vitro activity against the isolated KPC-Kp

strain (41.8 vs. 18.1%, p 0.01) and were also more likely to receive a definitive therapy including two or more in vitro active antibiotics

(85.1 vs. 15.9%, p <0.001). Cox regression analysis revealed that a colistin-containing antibiotic regimen (hazard ratio (HR) 0.21,

confidence interval (CI) 95%0.05–0.72, p <0.001), use of two or more in vitro active antibiotics as definite therapy (HR 0.08, CI 95%

0.02–0.21, p <0.001) and control of removable source of infection (HR 0.14, CI 95% 0.04–0.25, p <0.001) were associated with

favourable outcome; colistin resistance (HR8.09, CI 95%3.14–11.23, p 0.001) and intra-abdominal source of infection (HR2.92, CI 95%

2.11–4.12, p 0.002) were associated with death. In conclusion, use of adefinitive therapy with at least two antibiotics displaying in vitro

activity against the KPC-Kp isolates was the most important determinant of favourable outcome, whilst isolation of colistin-resistant

strainswasassociated with death in septic patientswith KPC-Kp infection.

© 2016 European Society of Clinical Microbiology and InfectiousDiseases. Published by Elsevier Ltd. All rightsreserved.
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Introduction

The emergence of Klebsiella pneumoniae (Kp) strains that pro-

duce Kp carbapenemases (KPC) has become a significant

problem in termsof public health and clinical outcome. KPC-

producing isolates of Kp (KPC-Kp) are not only able to hy-

drolyzecarbapenemsbut arealso oftenresistant to avarietyof

other antibiotics, includingcolistin and aminoglycosides. These

organisms caused numerous infection outbreaks in the United

States, Israel and South Europe, where they are now consid-

ered endemic [1]. Most reports have analysed the molecular

epidemiologic aspects or the antimicrobial susceptibility pro-

files, but lessattention hasbeenpaid to theantimicrobialsused

and the related patient outcomes[2–7].

Effectivetreatment of infectionscausedby thesepathogens

isthusaconsiderablechallenge for clinicians[8,9]. Treatment

options are usually limited to colistin, gentamicin and/or

tigecycline in association with a carbapenem [10], but the

optimal regimen for infectionscaused by KPC-Kp has yet to

ClinMicrobiol Infect 2016; 22: 444–450

© 2016 European Society of Clinical Microbiology and InfectiousDiseases. Published by Elsevier Ltd. All rightsreserved

http://dx.doi.org/10.1016/j.cmi.2016.01.016
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Bloodstream infectionscaused by Klebsiella pneumoniaein

onco-hematological patients: clinical impact of carbapenem

resistancein amulticentreprospectivesurvey

Enrico MariaTrecarichi,1* Livio Pagano,2 Bruno Martino,3 AnnaCandoni,4 RobertaDi Blasi,2 Gianpaolo Nadali,5

LuanaFianchi,2 Mario Delia,6 SimonaSica,2 Vincenzo Perriello,7 Alessandro Busca,8 Franco Aversa,9 RosaFanci,10

LorellaMelillo,11 FedericaLessi,12 MariaIlariaDel Principe,13 ChiaraCattaneo,14 and Mario Tumbarello,1

for theHaematologicMalignancies Associated Bloodstream InfectionsSurveillance(HEMABIS) registry – Sorveglianza

Epidemiologica Infezioni Funginein EmopatieMaligne(SEIFEM) group, Italy

The aim of this study was to identify risk factors for mortality in patients suffering from hematological

malignancies (HMs) with bloodstream infections (BSIs) caused by Klebsiella pneumoniae (KP). We conducted

a prospective cohort study on KP BSI in 13 Italian hematological units participating in the HEMABIS registry–

SEIFEM group. The outcome measured was death within 21 days of BSI onset. Survivor and non-survivor

subgroups were compared and Cox regression analysis was conducted to identify independent predictors

of mortality. A total of 278 episodes of KP BSI were included in the study between January 2010 and June

2014. We found that 161(57.9%) KP isolates were carbapenem resistant (CRKP). The overall 21-day mortality

rate was 36.3%. It was significantly higher for patients with CRKP BSI (84/161, 52.2%) than for those with BSI

caused by carbapenem susceptible KP (CSKP) (17/117, 14.5%; P<0.001). Septic shock (HR 3.86), acute

respiratory failure (HR2.32), inadequate initial antimicrobial therapy (HR 1.87) and carbapenem resistance by

KP isolates (HR1.85) were independently associated with mortality. A subanalysis was conducted in only 149

patients with CRKP BSI who had received 48 hr of adequate antibiotic therapy, and combination therapy

was independently associated with survival (HR 0.32). Our study shows that in recent years carbapenem

resistance has dramatically increased in HM patients with KP BSI in Italy and is associated with a worse

outcome. The optimal management of such infections and the definition of new empirical/targeted

antimicrobial strategies in HMpatients can still be considered unmet clinical needs.

Am. J. Hematol. 91:1076–1081, 2016. VC 2016 Wiley Periodicals, Inc.

Introduction

During recent decadessignificant improvements havebeen made in thetreatment of hematologic malignancies (HMs). However, several types

of infections often complicate the treatment course of HM patients; bloodstream infections (BSIs) are themost common and most severe infec-

tiouscomplications, with areported incidenceranging from 11%to 38%and a40%risein crudemortality rates[1]. In recent years, aclear trend

hasbeen reported in theepidemiology of severeinfections, in particular BSIs; ashift hasbeen shown from Gram-positive to Gram-negativebacte-

ria in HM patients, with mortality rates significantly higher in patients with BSI caused by Gram-negative bacteria compared to those with BSI

caused by Gram-positive bacteria [1,2]. Furthermore, a worrisome and extensive emergence of antimicrobial-resistance in Gram-negatives has

been recently reported in HM patients [1–4]. In particular, resistanceto carbapenems caused by Klebsiella pneumoniae(KP) hasbecomeasignifi-

cant problem in several countries [5,6], and hasrecently been reported asoneof themajor emerging causesof severeand fatal infections in HM

patients in Italy [2,7,8]. Girmemia et al. recently described episodesof infections caused by carbapenem-resistant KP(CRKP) in an Italian cohort

of 112 stem cell transplant (SCT) recipients. These authors reported an incidence of 0.4% and 2% in autologous-SCTs and allogeneic-SCTs,
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a b s t r a c t

Carbapenemase-producing Klebsiellapneumoniae(CP-Kp) arecurrently amongthemost important noso-

comial pathogens in many geographic regions. A retrospective study wasconducted between 2010 and

2014 in four hospitals located in a high-prevalence area (Athens, Greece) to describe the clinical fea-

tures, treatment and outcomes of neutropenic patients with haematological diseases complicated with

CP-Kp bloodstream infections. A total of 50 patients were identified, including 48 with haematologi-

cal malignancies and 2 with aplastic anaemia. All patients had neutropenia (<500cells/mm3), of whom

40 had <100neutrophils/mm3. The probable source of bacteraemia was identified in 9 patients; in the

remaining 41 patients the bacteraemia was considered primary. For definitive treatment, 30 patients

received combination therapy (two or more active drugs), 10 received monotherapy (one active drug)

and 4 received therapy with no active drug; the remaining 6 patients died within 48h after the onset

of bacteraemia. The 14-day all-cause mortality rate was 50%, 38%and 33%for those who received one,

two or three active drugs respectively. In the Cox proportional hazards model, unresolved neutropenia

[hazard ratio (HR) =19.28, 95%confidence interval (CI) 2.31–160.69; P=0.006], septic shock (HR=3.04,

95%CI 1.06–8.78; P=0.04) and treatment with oneactivedrug (HRfor monotherapy versuscombination

therapy =3.95, 95%CI 1.23–12.65; P=0.02) were independent predictors of death, whilst combination

therapy wasassociated with lower mortality. These findings may assist physicians in making treatment

decisions for neutropenic patientswith CP-Kp infections.

© 2016 Published by Elsevier B.V.

29

1. Introduction30

Q3

Carbapenemase-producing Klebsiella pneumoniae (CP-Kp) has31

been established as an important nosocomial pathogen in many32

geographic areas [1]. Whilst CP-Kp can affect any patient with sig-33

nificant healthcare exposure in an endemic setting, they mainly34

∗ Corresponding author. Tel.: +30 210 745 6843; fax: +30 213 206 1795.

E-mail address: gdaikos@med.uoa.gr (G.L. Daikos).

cause serious infections in critically ill patients. These infections 35

areassociated with increased morbidity and mortality, particularly 36

in patientswith severeunderlying diseasesand co-morbidities [1]. 37

Recent reportshaveshown that expansion of these organisms into 38

immunosuppressed patients represents a challenging problem in 39

terms of outcome and management [2–5]. The dearth of effective 40

treatment against CP-Kp infections, in conjunction with prolonged 41

neutropeniaand other immunological defectsobserved in patients 42

with haematological malignancies, may make the outcome even 43

worse. 44

http://dx.doi.org/10.1016/j.ijantimicag.2016.01.011

0924-8579/© 2016 Published by Elsevier B.V.
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Abstract Asignificant increaseincarbapenemase-producing

Klebsiella pneumoniae (CP-Kp) bacteraemias has been ob-

servedworldwide. Theobjectiveof thepresent work wasto

study the risk factors and predictorsof mortality of CP-Kp

bacteraemias among critically ill patients. During a 4-year

period (2012–3015), amatched 1:2 case-control study was

conducted. Klebsiellapneumoniaewasidentifiedby Vitek 2

technology. Antibiotic susceptibility was performed by the

agar disc diffusion method and Etest. The presence of the

blaKPC,blaVIM andblaNDMgeneswasconfirmedbypolymer-

asechainreaction(PCR). Epidemiologicdatawerecollected

from the intensive care unit (ICU) computerised database.

Onehundred and thirty-ninepatientswho developed aCP-

Kpbacteraemiawerematchedwith278patients.Themajority

of isolates(128;92.1%)carriedtheblaKPCgene,sevencarried

bothblaKPCandblaVIM, threeblaVIMandonecarriedblaNDM.

Risk factorsfor thedevelopment of CP-Kpbacteraemiawere

administrationof tigecyclineandnumberof antibioticsadmin-

isteredprior toCP-Kpbacteraemia.Overall, the30-day mor-

tality was 36.0%. Multivariate analysis revealed septic

shock, Simplified Acute Physiology Score II (SAPS II)

upon infection onset, adjunctivecorticosteroidadministra-

tion and parenteral nutrition as independent predictors of

mortality, whiletreatment withacombination of appropri-

ateantibiotics was identified asapredictor of good prog-

nosis. Among septic shock patients (n=74), Sequential

Organ Failure Assessment (SOFA) score upon infection

onset, adjunctive corticosteroid administration and strain

carrying the blaKPC gene were independently associated

with mortality, while the administration of combination

treatment wasidentifiedasapredictor of agoodprognosis.

Theadministrationof tigecyclinepredisposestotheinduc-

tionof bacteraemia. Appropriateantibiotic treatment isas-

sociatedwithbetter survival, whileconcomitant corticoste-

roid treatment isassociated with mortality.

Introduction

Carbapenemase-producing Klebsiella pneumoniae (CP-Kp)

constituteasignificantpublichealthissuereachingworldwide

proportions. During theprevious decade, CP-Kp infections

reachedahighlevel of endemicity inGreece, whileonlyspo-

radicoccurrenceor singlehospital outbreakswerereportedin

other European countries[1, 2]. Since2010, CP-Kp isolates

disseminatedtoalmost all Europeancountries. In2015, three

morecountries(Italy, MaltaandTurkey) becameCP-Kpen-

demic, while regional and interregional spread is reported

frommost countries[1, 2].

CP-Kp infectionsareassociated with high morbidity and

mortality due to limited therapeutic options, which include

only gentamicin, colistin, tigecycline and carbapenems

[2–5]. Asshown inobservational studies, combination treat-

ment hasbeen associated with increased survival, while the

optimal regimenhasnot been identified, probably dueto the

emergenceand increaseof isolates’ resistance to theafore-

mentioned therapeutic options [2–5]. Few studies have

* M. Marangos

mmarangos@yahoo.com

1 Divisionof InfectiousDiseases, Internal Medicine, School of

Medicine, University of Patras, 26504Rion, Patras, Greece

2 Anesthesiology andCritical CareMedicine, School of Medicine,

University of Patras, Rion, Patras, Greece

3 Department of Microbiology, School of Medicine, University of

Patras, Rion, Patras, Greece

Eur JClinMicrobiol Infect Dis

DOI 10.1007/s10096-017-2899-6

Eur	J	Clin	Microbiol	Infect	Dis	2017;	36:	1125-31	



Mortality of Patients with Hematologic 
Malignanciesnand BSIs Caused by CP-Kp
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Πξόγξακκα θιηληθώλ δνθηκώλ θάζεο ΙΙΙ 

ηεο Κεθηαδηληίκεο-Αβηκπαθηάκεο (CAZ-AVI)

Επηά πξννπηηθέο, δηεζλείο, πνιπθεληξηθέο,

ηπραηνπνηεκέλεο κειέηεο Φάζεο ΙΙΙ

• Γηπιά ηπθιή ηπραηνπνίεζε
(1:1)
o CAZ 2000 mg + AVI

500 mg + κεηξνληδαδόιε
500 mg IV q8h

Ή
o Μεξνπελέκε 1000 mg 

IV + placebo q8h

 Πξσηεύνλ ζηόρνο 
(RECLAIM 1 & 2):
o Δθηίκεζε κε 

θαησηεξόηεηαο ηεο CAZ-
AVI ζηα πνζνζηά θιηληθήο 
ίαζεο θαηά ηελ επίζθεςε 
TOC ζηνπο πιεζπζκνύο
αλάιπζεο mMITT (FDA), 
CE & MITT (ΔΜΑ)

• Αλνηρηή ηπραηνπνίεζε (1:1) 
o CAZ 2000 mg +AVI 500 

mg+ κεηξνληδαδόιε
500 mg q8h IV 

Ή
o BAT (βέιηηζηε 

δηαζέζηκε ζεξαπεία)

 Πξσηεύνλ ζηόρνο:
o Εθηίκεζε ηεο θιηληθήο 

αληαπόθξηζεο ηεο
CAZ-AVI & ηεο ΒΑΤ
αλά αζζελή θαηά ηελ 
επίζθεςε TOC ζηνλ 
πιεζπζκό mMITT γηα 
cIAIs/cUTIs νθεηιόκελεο 
ζε παζνγόλα αλζεθηηθά 
ζηελ CAZ 

• Γηπιά ηπθιή ηπραηνπνίεζε (1:1)
o CAZ 2000 mg + AVI 500 

mg q8h IV 
Ή
o DOR 500 mg q8h IV 

• Πξσηεύνλ ζηόρνο:
o Δθηίκεζε κε θαησηεξόηεηαο 

ηεο CAZ-AVI ζηα πνζνζηά 
επλντθήο κηθξνβηνινγηθήο 
αληαπόθξηζε αλά αζζελή 
θαηά ηελ επίζθεςε TOC 
ζηνλ πιεζπζκό mMITT

• Γηπιά ηπθιή ηπραηνπνίεζε (1:1)
o CAZ 2000 mg +AVI 500 mg 

q8h IV
Ή
o Μεξνπελέκε 1000 mg +

εηθνληθό θάξκαθν q8h IV
Σπλ αλνηρηή εκπεηξηθή 
ζεξαπεία κε 
ιηλεδνιίδε+ακηλνγιπθνζίδε

• Πξσηεύνλ ζηόρνο
o Δθηίκεζε κε θαησηεξόηεηαο 

ηεο CAZ-AVI ζηα πνζνζηά 
θιηληθήο ίαζεο θαηά ηελ 
επίζθεςε TOC ζηνπο 
πιεζπζκνύο cMITT θαη CE

RECLAIM 1, 2 θαη 3: 

Αζζελείο κε cIAIs 

(n=1.507) 1,2

REPROVE 
Αζζελείο κε λνζνθνκεηαθή 

πλεπκνλία (ζπκπ. VAP)                
(n=817)5

RECAPTURE 1 θαη 2: 

Αζζελείο κε cUTIs

(n=1.033)3

BAT: Βέιηηζηε Γηαζέζηκε Θεξαπεία, CAZ: Κεθηαδηληίκε, CE: θιηληθά αμηνινγήζηκνο πιεζπζκόο, cIAIs: επηπιεγκέλεο ελδνθνηιηαθέο ινηκώμεηο, cMITT, θιηληθά ηξνπνπνηεκέλνο πιεζπζκόο κε πξόζεζε

ζεξαπείαο, cUTIs, επηπιεγκέλεο ινηκώμεηο νπξνπνηεηηθνύ, ζπκπεξηιακβαλνκέλεο ηεο νμείαο ππεινλεθξίηηδαο, ΕΜΑ: Δπξσπατθόο Οξγαληζκόο Φαξκάθσλ , FDA: Οξγαληζκόο Τξνθίκσλ θαη

Φαξκάθσλ ησλ ΗΠΑ, HAP: λνζνθνκεηαθή πλεπκνλία, MITT, ηξνπνπνηεκέλνο πιεζπζκόο κε πξόζεζε ζεξαπείαο, mMITT: κηθξνβηνινγηθά ηξνπνπνηεκέλνο πιεζπζκόο κε πξόζεζε ζεξαπείαο, TOC:

επαιήζεπζε ίαζεο, VAP: πλεπκνλία ζρεηηδόκελε κε αλαπλεπζηήξα, 1. Mazuski JE et al. Clin Infect Dis. 2016;62:1380–1389 2. X. Qin et al. Int Journal of Antimicrobial Agents 49 (2017) 579–588. 3.

Wagenlehner F, et al. Clin Infect Dis 2016;63:754-62. 4. Carmeli Y et al, Lancet Infect Dis 2016;16: 661–73. 5. Lancet Infect Dis 2018; 18: 285–95

REPRISE:
Αζζελείο  κε ινηκώμεηο από 
παζνγόλα αλζεθηηθά ζηελ 
CAZ                         (n=333)4



Κεφταηιντίμθ-Αβιμπακτάμθ: Θεραπευτικζσ 
ενδείξεισ

Η Κεφταηιντίμθ-Αβιμπακτάμθ ενδείκνυται για τθ κεραπεία 

των ακόλουκων λοιμϊξεων ςε ενιλικεσ:

1. Επιπλεγμζνθ ενδοκοιλιακι λοίμωξθ (cIAI)

2. Επιπλεγμζνθ ουρολοίμωξθ (cUTI), ςυμπεριλαμβανομζνθσ 

τθσ πυελονεφρίτιδασ

3. Νοςοκομειακι πνευμονία, ςυμπεριλαμβανομζνθσ τθσ 

πνευμονίασ ςχετιηόμενθσ με τον αναπνευςτιρα (VAP)

4. Θεραπεία λοιμϊξεων που οφείλονται ςε αερόβιουσ Gram-

αρνθτικοφσ μικροοργανιςμοφσ, ςε ενιλικουσ αςκενείσ με 

περιοριςμζνεσ επιλογζσ κεραπείασ



Χαρακτθριςτικά Αςκενϊν με KPC-Kp Λοιμϊξεισ 
που Ζλαβαν Θεραπεία με CAZ-AVI

No. Αςκενϊν 138

Ηλικία (δίαμεςθ) 60

Charlson >3 47 (34.1%)

ΜΕΘ 46 (33.3%)

θπτικό shock 43 (31.2%)

CAZ-AVI ςε ςυνδυαςμό 109 (78.9%)

Θνθτότθτα (30-θμζρεσ) 47 (34.1%)

Τποτροπι 12 (8.7%)

Αντοχι 3 (2.2%)

Tumbarello M CID 2018 doi: 10.1093/cid/ciy492



Ανεξάρτθτοι Παράγοντεσ Κινδφνου για 
Θνθτότθτα ςε 208 Αςκενείσ με KPC-Kp BSIs 

Μεταβλθτι OR (95%CI) P

Μθχανικόσ αεριςμόσ 4.31 (1.99-9.33) <0.001

Charlson >3 3.3 (1.61-6.77) 0.001

Ουδετεροπενία 3.36 (1.25-8.75) 0.03

θπτικό Shock 2.94 (1.46-5.92) 0.003

Θεραπεία με CAZ-AVI 0.27 (0.13-0.57) 0.001

Tumbarello M CID 2018 doi: 10.1093/cid/ciy492



Χαρακτθριςτικά Αςκενϊν με CRE-OXA-48 
Λοιμϊξεισ που Ζλαβαν Θεραπεία με CAZ-AVI

No. Αςκενϊν 57

Ηλικία (δίαμεςθ) 64

Charlson (διάμεςθ) 3

ΜΕΘ 22 (30%)

Βακτθριαιμία 26(46%)

θπτικό shock 20 (35%)

INCREMENT CPE Score 
(διάμεςθ)

6

CAZ-AVI μονοκεραπεία 46 (81%)

Θνθτότθτα (30-θμζρεσ) 12 (22%)

Τποτροπι 6 (10%)

Αντοχι 0 (0%)
Sousa A JAC  2018 doi: 10.1093/jac/dky295



Στοχευμζνθ Θεραπεία:

• ε λοιμϊξεισ από εντεροβακτθριακά που παράγουν
καρβαπενεμάςθ (CPE) τφπου KPC ι OXA-48 με in vitro
ευαιςκθςία ςτο εν λόγω φάρμακο.

• ε λοιμϊξεισ από ψευδομονάδα με in vitro ευαιςκθςία
ςτο εν λόγω φάρμακο, όταν δεν υπάρχει άλλθ
αποτελεςματικι κεραπεία.

Συςτάςεισ για τθ χοριγθςθ του ςυνδυαςμοφ
Κεφταηιντίμθ-Αβιμπακτάμθ

(Οδθγίεσ τθσ Εκνικισ Επιτροπισ Αντιβιογράμματοσ)



85%



Συςτάςεισ για τθ χοριγθςθ του ςυνδυαςμοφ
Κεφταηιντίμθ-Αβιμπακτάμθ

(Οδθγίεσ τθσ Εκνικισ Επιτροπισ Αντιβιογράμματοσ)

Εμπειρικι Θεραπεία
• Μπορεί να χορθγθκεί επί κλινικισ υποψίασ λοίμωξθσ, ςε 

αςκενείσ με παράγοντεσ κινδφνου για λοίμωξθ από CPE, 
όπωσ:

• Α. Προθγοφμενθ λοίμωξθ ι αποικιςμό από CPE που παράγει 
KPC ι OXA-48.

• Β. Νοςθλεία ςε ΜΕΘ το τελευταίο εξάμθνο.
• Γ. Νοςθλεία ςτον ίδιο κάλαμο με γνωςτοφσ φορείσ των 

μικροβίων αυτϊν.
Και ζχοντεσ τουλάχιςτον ζνα από τα παρακάτω:
• 1. Κατάςταςθ του ξενιςτι: Bαρζωσ πάςχοντεσ, αςκενείσ 

ΜΕΘ, ανοςοκατεςταλμζνοι αςκενείσ.
• 2. Βαρφτθτα τθσ λοίμωξθσ: Αςκενείσ με ςοβαρι ςιψθ, 

ςθπτικι καταπλθξία.
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Richard Wunderink1, Evangelos J. Giamarellos-Bourboulis2, Galia Rahav3, Amy Mathers4, Matteo Bassetti5, Joseph Solomkin6, Elizabeth Alexander7, Jeff Loutit8, Shu Zhang7, Michael Dudley8, Keith S. Kaye9 
1Northwestern University Feinberg School of Medicine, Chicago, IL, USA; 2National and Kapodistrian University of Athens, Medical School, Athens, Greece; 3Sheba Medical Center, Tel Hahsomer, Israel; 4University of Virginia Health System, Charlottesville, VA, USA; 5University of Udine, Udine, Italy; 6University of Cincinnati College  

of Medicine, Cincinnati, OH, USA; 7The Medicines Company, Parsippany, NJ, USA; 8The Medicines Company, San Diego, CA, USA; 9University of Michigan Medical School, Ann Arbor, MI, USA 

Disclosures 
This project has been funded in whole or in part with 

federal funds from the Department of Health and 

Human Services; Office of the Assistant Secretary for 

Preparedness and Response; Biomedical Advanced 

Research and Development Authority (BARDA), under 

Contract No. HHSO100201400002C with Rempex 

Pharmaceuticals, a wholly-owned subsidiary of The 

Medicines Company and Agreement No. 

HHSO100201600026C with The Medicines Company.  

Conclusions 

References 

1. Centers for Disease Control and Prevention. 

Antibiotic resistance threats in the United 

States, 2013. Atlanta, GA (US): US 

Department of Health and Human Services; 

2013. 114 p.  

2. World Health Organization. Antimicrobial 

resistance: global report on surveillance 2014 

[Internet]. Geneva, CH: World Health 

Organization; 2014 [cited 2017 Jul 31]. 

Available from: 

http://apps.who.int/iris/bitstream/10665/11264

2/1/9789241564748_eng.pdf. 

3. Castanheira M, Sader HS, Deshpande LM, 

Fritsche TR, Jones RN. Antimicrobial activities 

of tigecycline and other broad-spectrum 

antimicrobials tested against serine 

carbapenemase- and metallo- -lactamase-

producing Enterobacteriaceae: report from the 

SENTRY Antimicrobial Surveillance Program. 

Antimicrob Agents Chemother. 2008 

Feb;52(2):570-3. 

Presented at IDWeek 2017, October 4-8, 2017, San Diego, CA 

1867 

Introduction 

Meropenem-vaborbactam (M-V) is a beta-lactamase inhibitor 

combination active against Klebsiella pneumoniae 

carbapenemase (KPC)-producing CRE. Few clinical trials of 

new agents have been conducted in patients with CRE.  

 

Methods 

TANGO II is a randomized, Phase 3, open-label trial in 

patients with infections due to known or suspected CRE, 

including complicated urinary tract infection (cUTI), acute 

pyelonephritis (AP), HABP/VABP, bacteremia, or complicated 

intra-abdominal infection (cIAI).  Eligible patients were 

randomized 2:1 to monotherapy with M-V or Best Available 

Therapy (BAT) for 7-14 days.  BAT could include (alone or in 

combination): a carbapenem, aminoglycoside, polymyxin B, 

colistin, tigecycline or ceftazidime-avibactam (monotherapy 

only). Enrollment was stratified by infection type and 

geographic region. Endpoints differed by infection: overall 

success (clinical cure + microbial eradication) in cUTI/AP, 28-

day all-cause mortality in HABP/VABP + bacteremia, and 

clinical cure in cIAI.  It was not powered for inferential 

statistical testing; results are presented descriptively. 

Results 
72 patients were enrolled: 43 (59.7%) had baseline CRE and 
comprised the microbiologic CRE modified intent-to-treat 
population (mCRE-MITT, primary population). In mCRE-
MITT, 20 had bacteremia, 15 had cUTI/AP, 5 had 
HABP/VABP, and 3 had cIAI.  
 
 
 

 

 

 

 

 

AEs occurred in 84.4% of M-V patients vs. 92% on BAT. M-V 
was associated with fewer drug-related AEs (24.4% vs. 44%), 
severe AEs (13.3% vs. 28%), and serious AEs (33.3% vs. 
44%) vs. BAT.  

 

Conclusions 

In this first prospective comparative trial of a beta-

lactam/beta-lactamase inhibitor combination as monotherapy 

of CRE infections, M-V showed consistent improvement over 

BAT in efficacy endpoints across infections, and improved 

safety/tolerability. M-V appears to be an improved treatment 

option for CRE infections.  

 

• Phase 3, multi-center, randomized, open-label study of adults with infections 
due to known or suspected CRE, including complicated urinary tract infection 
(cUTI), acute pyelonephritis (AP), hospital-acquired/ventilator-associated 
bacterial pneumonia (HABP/VABP), bacteremia, or complicated intra-
abdominal infection (cIAI). 

• Eligible patients were randomized 2:1 to monotherapy with M-V (2g/2g every 
8h via 3-h infusion) or BAT for 7-14 days (Figure 1). 

o BAT included mono/combination therapy with polymyxins, carbapenems, 
aminoglycosides, tigecycline; or ceftazidime-avibactam alone. 

• Enrollment was stratified by infection type and geographic region.  

• Key inclusion criteria: known or suspected (evidence of CRE in culture or 

therapy, confirmed cUTI/AP, HABP/VABP, bacteremia, or cIAI. 

• Key exclusion criteria: Receipt of >24 hours of potentially effective 
antimicrobials (unless clinical failure), immediate life-threatening disease, 
known infection due to NDM, VIM, IMI or OXA-encoded beta-lactamase. 

• Efforts to reduce bias included onsite blinded investigator, blinded 
adjudication committee, and source control adjudication committee (for cIAI). 

 

 

 

 

 

 

 

 

 

 

 

• Study endpoints differed by infection type based on prevailing FDA guideline 

recommended endpoints: 

o 28-day all-cause mortality in the combined HABP/VABP and bacteremia infections. 

o Overall success (composite endpoint of clinical cure and microbial eradication) in 

cUTI/AP at End of Treatment (EOT) and Test of Cure (TOC). 

• Clinical cure was defined as a complete resolution of signs/symptoms such 

that no further antimicrobial therapy was required.  

• Clinical cure was assessed by both an unblinded (PI) and a blinded 

investigator (BI) at two time points: EOT and TOC. In cases where their 

assessments differed, clinical cure was adjudicated by the blinded 

adjudication committee. 

o Clinical cure in cIAI at TOC 

• For cIAI, proper source control in all patients was assessed and adjudicated 

by committee.  

•

drug. 

• Results are presented descriptively. The study was not powered for inferential 

statistical testing. 

 

 

 

Monotherapy with M-V in CRE infections, including 

immunocompromised, renally impaired, and prior 

antibiotic failure patients, resulted in the following: 

• M-V showed improvement over BAT in efficacy 

endpoints in all infection types studied, 

including HABP/VABP, BSI, cUTI, and cIAI. 

• M-V demonstrated a lower rate of renal-related 

adverse events and increases in serum 

creatinine compared to BAT (Poster #1879). 

• M-V was associated with reduction in poor 

outcomes compared to BAT including failure-

nephrotoxicity and mortality-nephrotoxicity on 

exploratory risk-benefit analyses across all 

infection types combined. 

• M-V is a potent new option for treatment of 

KPC-driven carbapenem resistance. 

• Based on the totality of these results, the 

independent Data Safety Monitoring Board 

recommended discontinuing randomization to 

BAT. 

• Increasing carbapenem resistance among Enterobacteriaceae pathogens has been recognized by the CDC and WHO as an urgent antimicrobial 
resistance threat.1,2 

• In the US, the production of Klebsiella pneumoniae carbapenemase (KPC) enzyme is the major mechanism of carbapenemase-mediated resistance 
in carbapenem-resistant Enterobacteriaceae (CRE).3 

• Despite the recent approval of an antimicrobial agent that has activity against target CRE pathogens, few clinical trials have been conducted in 
patients with infections due to confirmed CRE pathogens. 

• Meropenem-vaborbactam (M-V; VABOMERE) is a novel beta-lactam/beta-lactamase inhibitor combination with potent activity against KPC-
producing CRE. 

• TANGO II is a Phase 3, multi-center, randomized, open-label comparative trial designed to evaluate efficacy and safety of M-V vs. best available 
therapy (BAT). It is the only clinical trial of a novel agent given as monotherapy compared against BAT in patients with serious CRE infections. 

• Randomization into the comparator phase of TANGO II was stopped on July 21, 2017, in accordance with recommendations of the independent  
Data Safety Monitoring Board, which concluded that a risk-benefit analysis of available data no longer supported randomization of patients to BAT. 

• Here we report primary outcomes by site of infection in patients with confirmed CRE infection. 

• Of the 72 enrolled patients, 43 (59.7%) had a baseline CRE and comprised the 

microbiologic CRE modified intent-to-treat population (mCRE-MITT, primary population). 

Baseline characteristics for the mCRE-MITT population are shown in Table 1. 

• In mCRE-MITT, 20 had bacteremia, 15 had cUTI/AP, 5 had HABP/VABP, and  

3 had cIAI. 

o Of the 15 patients with cUTI/AP, 7 were cUTI and 8 were AP. 

o 5  of the 7 cUTI patients had an indwelling urinary catheter at baseline. 

o Of  the 5 patients with HABP/VABP, 1 was HABP and 4 were VABP.   

o Of the 3 patients with cIAI, one was due to a perforated viscus, one was in the 
setting of cholangitis/cholecystitis, and one was in the setting of intra-abdominal 
abscess.  

Efficacy by Infection Type  
M-V (N=28) 

n/N’ (%) 

BAT (N=15) 

n/N’ (%) 

Bacteremia + HABP/VABP 

All-Cause Mortality, Day 28 

 

4/16 (25.0%) 

  

4/9 (44.4%) 

cUTI/AP 

Overall Success at End of Treatment (EOT)  

Overall Success at Test of Cure (TOC, EOT + 7 d)   

 

8/11 (72.7%) 

3/7 (42.9%)* 

 

2/4 (50%) 

2/4 (50%) 

cIAI  

Clinical Cure at TOC 

  

1/1 (100%) 

  

0/2 (0) 

• BAT antibiotic regimens by infection type (mCRE-MITT) are shown in Table 2. 

• There was no consensus BAT regimen. BAT ranged from 1 to >4 drug combinations, which 
included ceftazidime/avibactam, polymyxins, carbapenems, aminoglycosides, and tigecycline. 

• For all infection types, the primary pathogen was Klebsiella pneumonia.  The most common 
molecular mechanism of carbapenem resistance was production of KPC carbapenemase (90%). 

• Meropenem MIC50s and 90s were similar across both arms. For cUTI and bacteremia, the 
meropenem MIC50 was 64 µg/mL. For HABP/VABP and cIAI, the MIC50s were 16 and  
>16 µg/mL, respectively. 

• Efficacy among patients with confirmed CRE infections by infection type is summarized in Table 3 and Figures 2 and 3. 

• Exploratory risk-benefit analyses were conducted to determine the risk-benefit profile of M-V vs. BAT.  Results showed a significant decrease in poor outcomes in patients treated 
with M-V compared to BAT (mCRE-MITT), as shown in Table 4. 

o For the composite endpoint of mortality-nephrotoxicity ( in creatinine or renal AEs of failure, acute failure or impairment), M-V was 
associated with a reduction in mortality-nephrotoxicity compared to BAT (25.0% vs. 40.0%; 95%CI -44.5% to 14.5%, P=.32 and 21.4% vs. 60.0%; 95% CI -67.7% to -9.5%, 
P<.01, respectively). 

o For the composite endpoint of failure-nephrotoxicity (same definitions), M-V was associated with a superior risk-benefit profile compared to BAT (32.1% vs. 80.0%; 95%CI  
-74.5% to -21.2%, P<.001 both definitions).  

• Adverse events (AEs) and safety endpoints (safety population/MITT) are shown in Poster#1862, Kaye K et al, IDWeek 2017.  

 

Figure 1. Study Schema 

EOT, end of treatment; TOC, test of cure; LFU, last follow-up. 

  
M-V 

N=28 
BAT 
N=15 

Total 
N=43 

Age, mean (standard deviation), y 63.9 (14.0) 60.2 (13.0) 62.6 (13.6) 

Age cohort, n (%)       

  <65 y  14 (50.0) 9 (60.0) 23 (53.5) 

   14 (50.0) 6 (40.0) 20 (46.5) 

   6 (21.4) 3 (20.0) 9 (20.9) 

Female gender, n (%) 15 (53.6) 5 (33.3) 20 (46.5) 

White race, n (%) 24 (85.7) 12 (80.0) 36 (83.7) 

Region, n (%)        

  North America 6 (21.4) 7 (46.7) 13 (30.2) 

  Europe 17 (60.7) 8 (53.3) 25 (58.1) 

  Rest of World (Israel, Colombia, Brazil, Argentina) 5 (17.9) 0 (0) 5 (11.6) 

Body mass index, mean (SD) 28.4 (9.4) 25.8 (7.6) 27.5 (8.8) 

Infection type, n (%)        

  Bacteremia 12 (42.9) 8 (53.3) 20 (46.5) 

  cUTI/AP  11 (39.3) 4 (26.7) 15 (34.9) 

  HABP/VABP 4 (14.3) 1 (6.7) 5 (11.6) 

  cIAI  1 (3.6) 2 (13.3) 3 (7.0) 

Baseline pathogena, n (%)       

  Klebsiella pneumoniae 25 (89.3) 12 (80.0) 37 (86.0) 

  Escherichia coli 2 (7.1) 1 (6.7) 3 (7.0) 

  Enterobacter cloacae complex 1 (3.6) 2 (13.3) 3 (7.0) 

  Proteus mirabilis 0 (0) 2 (13.3) 2 (4.7) 

  Serratia marcescens 1 (3.6) 1 (6.7) 2 (4.7) 

Enrolled as known CRE, n (%)  20 (71.4) 14 (93.3) 34 (79.1) 

Enrolled as suspected CRE, n (%) 8 (28.6) 1 (6.7) 9 (20.9) 

Creatinine clearance, mL/m, n (%)        

  >50 22 (78.6) 9 (60.0) 31 (72.1) 

  30–49 3 (10.7) 2 (13.3) 5 (11.6) 

  20–29 1 (3.6) 2 (13.3) 3 (7.0) 

  <20 1 (3.6) 0 (0) 1 (2.3) 

  Missing 1 (3.6) 2 (13.3) 3 (7.0) 

Charlson Comorbidity Index, n (%)        

   4 (14.3) 1 (6.7) 5 (11.6) 

  3–4 3 (10.7) 2 (13.3) 5 (11.6) 

  5 10 (35.7) 1 (6.7) 11 (25.6) 

  >6 11 (39.3) 11 (73.3) 22 (51.2) 

Diabetes mellitus, n (%)  9 (32.1) 7 (46.7) 16 (37.2) 

Systemic inflammatory response syndrome, n (%)  12 (42.9) 6 (40.0) 18 (41.9) 

Intensive care unit admission   5 (17.8) 2 (13.3)  7 (16.3) 

Immunocompromisedb, n (%) 10 (35.7) 8 (53.3) 18 (41.9) 

Prior treatment failurec, n (%) 9 (32.1) 0 (0) 9 (20.9) 

BAT Regimen 

cUTI/AP 

N=4 

n (%) 

HABP/VABP 

N=1 

n (%) 

Bacteremia 

N=8 

n (%) 

cIAI 

N=2 

n (%) 

Total 

N=15* 

n (%) 

Monotherapy 2 (50) 0 ( 0) 2 (25)  0 (0)  4 (26.7) 

    Aminoglycoside 1 (25) 0 (0)  0 (0) 0 (0) 1 (6.7)  

    Carbapenem 0 (0) 0 (0) 1 (12.5) 0 (0) 1 (6.7) 

    Ceftazidime-Avibactam 0 (0.0) 0 (0) 1 (12.5) 0 (0) 1 (6.7) 

    Polymyxin/Colistin 1 (25) 0 (0) 0 (0) 0 (0)  1 (6.7) 

Dual Therapy 2 (50) 1 (100) 3 (37.5) 1 (50) 7 (46.7) 

    Carbapenem + Aminoglycoside 1 (25) 0 (0) 0 (0) 0 (0) 1 (6.7) 

    Carbapenem + Polymyxin/Colistin 0 (0) 0 (0) 1 (12.5) 0 (0) 1 (6.7)  

    Carbapenem + Tigecycline 0 (0)  0 (0) 1 (12.5) 1 (50) 2 (13.3) 

    Polymyxin/Colistin + Aminoglycoside 1 (25) 1 (100) 1 (12.5)  0 (0)  3 (20)  

Triple Therapy 0 (0) 0 (0)  1 (12.5)  0 (0) 1 (6.7)  

    Carbapenem + Polymyxin/Colistin + Tigecycline 0 (0) 0 (0) 1 (12.5)  0 (0) 1 (6.7) 

4 Drugs or More 0 (0) 0 (0) 2 (25) 0 (0) 2 (13.3)  

    Carbapenem + Polymyxin/Colistin + Aminoglycoside + Tigecycline 0 (0) 0 (0) 2 (25) 0 (0) 2 (13.3)  

*One patient received ceftazidime-avibactam (which was only permitted per protocol as monotherapy) in combination with other antimicrobial agents and is therefore not represented. 

  

  

  

M-V 

n/N’ (%) 

BAT 

n/N’ (%) 

Absolute 

Difference 

(M-V – BAT) 

Relative 

Difference 

[(M-V – 

BAT)/BAT] 

Patients with HABP/VABP and bacteremia, 

combined 
        

     Day-28 all-cause mortality 4/16 (25.0) 4/9 (44.4)   

Patients with cUTI/AP         

     Overall success ratea at EOT 8/11(72.7) 2/4 (50.0) 22.7% 45.4% 

     Overall success ratea at TOC (EOT +7d)b 3/7 (42.9) 2/4 (50.0)   

Patients with cIAI         

    Clinical cure at TOC 1/1 (100) 0/2 (0) 100%  

a Overall success rate was a composite of clinical cure and microbial eradication. 

b 4 Patients in the M-V group were indeterminate/not assessed at TOC.  

25.0% 
(4/16) 

50.0% 
(6/12) 

58.3% 
(7/12) 54.5% 

(6/11) 50.0% 
(6/12) 44.4% 

(4/9) 
37.5% 
(3/8) 

25.0% 
(2/8) 

50.0% 
(4/8) 

37.5% 
(3/8) 

0

20

40

60

80

100

End of
Treatment

Test of Cure End of
Treatment*

Test of Cure

M-V BAT

Microbial Curea 

Patients with 

Bacteremia 

Day-28 

Mortality 

Patients with 

HABP/VABP/ 

Bacteremia 

P
e

rc
e

n
ta

g
e
 (

%
) 

Clinical Cure 

Patients with 

Bacteremia 

a Baseline pathogens listed occurred in 2 or more patients. 
b Leukemia or lymphoma (not in remission), prior solid organ/stem cell transplantation, ongoing neutropenia, or active receipt of 

  immunosuppressive medications (including high- .  
c Clinical evidence of prior antimicrobial failure as ascertained by the study investigator at screening and randomization. 

  

  

Outcome 

M-V 

(N=28) 

n (%) 

BAT 

(N=15) 

n (%) 

Absolute Difference 

(M-V – BAT) 

(95% CI) P value 

Relative 

Difference 

[(M-V – 

BAT)/BAT] 

Day-28 All-Cause 

Mortality or 

Nephrotoxicitya 

7 (25.0) 6 (40.0) -15.0 (-44.5 to 14.5) .32 -37.5 

Clinical Failure or 

Nephrotoxicityb 
9 (32.1) 12 (80.0) -47.9 (-74.5 to -21.2) <.001 -59.9 

Day-28 All-Cause 

Mortality or Renal AEsc 
6 (21.4) 9 (60.0) -38.6 (-67.7 to -9.5) <.01 -64.3 

Clinical Failure or Renal 

AEsd 
9 (32.1) 12 (80.0) -47.9 (-74.5 to -21.2) <.001 -59.9 

aComposite outcome of either Day-28 all-cause mortality or a post-  
bComposite outcome of either clinical failure at test of cure or a post-  
cComposite outcome of either Day-28 all-cause mortality or adverse event of renal failure, renal failure acute or renal impairment. 
dComposite outcome of either clinical failure at test of cure or adverse event of renal failure, renal failure acute or renal impairment. 

Table 1. Baseline Demographic and Clinical Characteristics (mCRE-MITT) 
 

Table 2. BAT Antibiotic Regimens by Infection Type (mCRE-MITT) 

Table 3. Efficacy Endpoints by Infection Type Among Patients with Confirmed CRE 
Infections (mCRE-MITT)  

Table 4. Exploratory Risk-Benefit Analysis: Patients with Poor Outcomes of Confirmed 
CRE Infections (mCRE-MITT) 

Figure 2. Efficacy Endpoints in Patients with HABP/VABP or Bacteremia, by 
Timepoint (mCRE-MITT) 

Figure 3. Efficacy Endpoints in Patients with cUTI/AP, by Timepoint (mCRE-MITT) 
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BAT 

 
M-V 

 
2 g/2 g q8h via IV 

infusion  
over 3 h 

  

Screening 

Day -1 to Day 1 

EOT 

Day 1 through 

Day 7 (up to 

Day 14) 

TOC 

7 days 

(±2 days) 

post-EOT 

  

LFU 

14 days 

(±2 days) 

post-EOT 

  

Follow-up 

Day 12 up to Day 30 

Patients with: 

• cUTI or AP 

• cIAI 

• HABP 

• VABP 

• Bacteremia 

Known or 

suspected to be 

caused by CRE 

The Medicines Company 
3013 Science Park Rd. 
San Diego, CA 92121 USA 

8 Sylvan Way 
Parsippany, NJ 07054 USA 

a Composite of either microbial eradication or presumed eradication at respective visit. 
* 4 Patients in the M-V arm were indeterminate/not assessed at TOC. 
† 3 Patients in the M-V arm were indeterminate /not assessed at TOC. 
  

a Composite of either microbial eradication or presumed eradication at respective visit. 
* One subject in the M-V arm was indeterminate/not assessed at TOC. 

(N=28) (N=15)



Connoly L ASM Microbe 2017



• 10 pts were treated with Ceftazidime/avibactam plus aztreonam
• 5 had bloodstream infection
• Clinical success 6/10
• 3 deaths
• 1 recurrence 



WHO Pathogens Priority List



Συχαιοποιθμζνεσ Μελζτεσ

• Colistin vs Colistin + Rifampicin (Durante-Mangoni et al) 
– 210 αςκενείσ ΜΕΘ με απειλθτικι για τθ ηωι λοίμωξθ από XDR A. baumannii
– Colistin 2 MU x 3 (χωρίσ δόςθ φόρτιςθσ) ± Rifampicin 600 mg x 2 (Open-

label)
– Δεν τεκμθριϊκθκε διαφορά ςτθ ςυνολικθ κνθτότθτα ςτισ 30 θμζρεσ (43,3% vs

42,9%) ι ςτθ κνθτότθτα από λοίμωξθ (21.1% vs 26.6%)
– θμαντικι διαφορά ςτo ποςοςτό μικροβιολογικισ εκκρίηωςθσ (60.6% vs

44.8%, p=0.034)

• Colistin vs Colistin + Rifampicin (Aydemir et al)
– 43 αςκενείσ με VAP από XDR A. baumannii
– Colistin 4,5 MU/d (χωρίσ δόςθ φόρτιςθσ) ± Rifampicin 600 mg/d (Open-

label)
– Η κλινικι, μικροβιολογικι και ακτινολογικι ανταπόκριςθ ιταν καλφτερθ με το 

ςυνδυαςμό αλλά όχι ςε ςθμαντικό βακμό.
– Ο χρόνοσ μικροβιολογικισ ίαςθσ ιταν ςθμαντικά βραχφτεροσ με το 

ςυνδυαςμό (4,5d vs 3,1d - p=0.029).



Συχαιοποιθμζνεσ Μελζτεσ

• Colistin vs Colistin + Fosfomycin (Sirijatuphat et al)
– 94 αςκενείσ με λοιμϊξεισ από CR A. baumannii
– Colistin 5mg CBA/Kg/d (χωρίσ δόςθ φόρτιςθσ) ± Fosfomycin (iv) 4 g x 2 

(Open-label)
– Δεν τεκμθριϊκθκε διαφορά ςτθ ςυνολικθ κνθτότθτα ςτισ 30 θμζρεσ (53.8% vs

44.2%) ι ςτθ κνθτότθτα από λοίμωξθ (23.1% vs 16.3%)
– θμαντικι διαφορά ςτo ποςοςτό μικροβιολογικισ εκκρίηωςθσ ςτισ 72 ϊρεσ 

(65.7% vs 87.8%, p=0.028)

• Colistin vs Colistin + Ampicillin/Sulbactam (Makris et al)
– 39 αςκενείσ με VAP από CR A. baumannii
– Colistin 3 MU x 3 (χωρίσ δόςθ φόρτιςθσ) ± Ampicillin/Sulbactam 6 gr x 4 

(Open-label)
– Δεν τεκμθριϊκθκε διαφορά ςτθ ςυνολικθ κνθτότθτα ςτισ 30 θμζρεσ (63.2% vs

50.0%)
– θμαντικι διαφορά ςτθν κλινικι ανταπόκριςθ ςτισ 4-5 θμζρεσ (15.85% vs

70.0%, OR=12.4 p=0.001)





Monotherapy Compared to Combination for the 
Treatment of CR Acinetobacter Infections 
(ESCMID Guidelines in preparation)

 Fig. 1: Monotherapy VS combination therapy for the treatment of carbapenem-R A.baumannii (Overall effect size and subgroup analysis by study design)   

Tseng, 2007 

Favoring MONO Favoring COMBI 



Fig. 2: Subgroup analysis by in vitro sensitivity (PDR: no in vitro active drug, 2 active potential: drugs: drugs used in the combination arm were stated to test both as susceptible OR, if not detailed 
information provided, isolates were presumed to be susceptible to these antibiotic), 1 active drug: the second drug used in the combination scheme was proven to be in vitro resistant (with or without 
proven synergism); NA: in vitro susceptibility of combination therapy not specified) 

  

Favoring MONO Favoring COMBI 

Monotherapy Compared to Combination for the Treatment of 
CR Acinetobacter Infections 
(ESCMID Guidelines in preparation)





Proposed Therapeutic Approach for CRAB 
Infections

Piperaki et al CMI 2019



Optimizing Current Treatment Options

• Carbapenems
- High dose, prolonged infusion, or continuous infusion

with TDM
• Colistin
- Loading dose, preferably in combination when the MIC

of the infecting organism > 0.5mg/L
• Fosfomycin
- For systemic infections 6 g IV q 6 h, always in

combination with another active agent
• Tigecycline
- Optimize PK/PD with high dose (100mg q 12h)
• Aminoglycosides
- Once daily, high dose with TDM



Νεότερα Φάρμακα με Δράςθ ζναντι 
Πολυανκεκτικϊν  Gram-αρνθτικϊν

• β-lactamase inhibitors

–Avibactam + Ceftazidime, EMA, FDA approved)

–Relebactam + Imipenem, Φάςθ ΙΙΙ

–Vaborbactam + Meropemem, FDA approved

• Cedtolazone-taz/ctam (EMA, FDA approved)

• Siderophores (Cefiderocol, φάςθ ΙΙΙ)

• Plazomicin (FDA approved)

• Erevacycline (FDA approved)



Conclusions

• The existing studies provide low quality of evidence for
making treatment decisions against XDR bacteria

• Therapy of XDR pathogens must be individualised, considering
host, severity of infection and bacteria related factors

• Combination therapy with 2 active drugs is associated with
improved survival in high-risk infections caused by CRE

• Monotherapy is probably effective in low-risk CRE infections
• For Acinetobacter four RCTs do not support the use of 

combination therapy
• Best drug(s) are not well defined
• Specific mortality scores may be useful for making treatment

decisions


