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From Eskape to Escape, from KPC to CCC
De Rosa FG, Clin. Infect Dis.2015 Apr 15;60(8)

• Eskape
– E. faecium, 
– S. aureus, 
– K. pneumoniae, 
– A. baumannii,
– P. aeruginosa,
– Enterobacter spp.

• Escape
– Enterococchi , 
– S. aureus, 
– C. difficile, 
– A. baumannii, 
– P. aeruginosa, 
– Enterobacteriacee

• KPC-Kp

• CCC
– Carbapenemases
– C. difficile
– Candida spp.



Main Etiology & Syndromes

Etiology

• MDR Enterobacteriacee

– FQ-R

– AG-R

– ESBL

– Carbapenemases

• MDR P. aeruginosa

• MDR A. baumanni

• XDR / PDR

Syndromes

• Pneumonia

• BSI & CVC-BSI

• Complicated 
Intrabdominal infections 
(cIAIs)

• Complicated Urinary 
tract infections (cUTI)

• Device- associated & -
related infections

• cSSTIs 



Proportion of Carbapenems Resistant (R+I) Klebsiella

pneumoniae Isolates in Participating Countries in 2013





Fluoroquinolones

Proportion of antibiotic resistant  P. aeruginosa 
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Acinetobacter spp. percentage of invasive isolates with 
resistance to fluoroquinolones, aminoglycosides and 

carbapenems, 2013





Treatment options for carbapenem-resistant and extensively drug-
resistant Acinetobacter baumannii infections.

Viehman JA, Drugs. 2014 Aug;74(12):1315-33. 



Proportion of Methicillin Resistant Staphylococcus

aureus (MRSA) Isolates in Participating Countries in 2013





Principal characteristics of old agents for MRSA

Rodvold KA; Clin Infect Dis. 2014; 58 Suppl 1:S20-7.





Ceftolozane/tazobactam and ceftazidine/avibactam

Liscio JL, Int J Antimicrob Agents. 2015 Sep;46(3):266-71. 



Ceftolozane/Tazobactam Overview
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Zhanel et al. Drugs. 2014;74:31-51. ZERBAXA [prescribing information]. Cubist Pharmaceuticals; Lexington, MA; 2014.

Class
 Antipseudomonal cephalosporin + 

β-lactamase inhibitor

 Fixed 2:1 ratio

Mechanism of action
 Rapidly bactericidal

 Inhibits cell-wall synthesis 

 Active against Pseudomonas 
aeruginosa with porin deficiencies 
or mutations 

 Inhibits β-lactamases, broadens 
coverage against most ESBL-
producing Enterobacteriaceae

In vitro activity
 P. aeruginosa, including drug-

resistant strains

 Escherichia coli, including ESBL-
positive strains

 Klebsiella pneumoniae, including 
ESBL-positive strains

 Limited activity against Gram-
positive bacteria 

 Activity against select anaerobes

 No activity against KPC, MBL-
producers

Development stage
 US FDA approved for treatment 

of cIAI and cUTI 

 Phase 3 trial underway for 
nosocomial pneumonia

Pharmacokinetics of 
ceftolozane

 Linear PK 

 Lung penetration

 Rapid tissue distribution

 Minimal accumulation

 Extensive renal excretion

 Low protein binding

 Minimal CYP450 drug-drug 
interactions 



Ceftazidime/avibactam

• C/A was approved for the treatment of cIAI and cUTI

• Avibactam can inhibit a broader class of ESBLs and thus C/A is

active in vitro against class A (TEM, SHV, CTX-M) and some class C

(AmpC) and class D (OXA) -lactamases

• It is not active against the MBLs (NDM-1, IMP, VIM).

• It is the first beta-lactam/BLI to retain activity against KPC

carbapenemase-producing isolates.

Liscio JL, Int J Antimicrob Agents. 2015 Sep;46(3):266-71. 



In vitro activity of new agents against staphylococci 
and therapeutic indications

Drugs Class MRSA VISA VRSA Indication

Ceftaroline β-lactam ++ ++ ++ ABSSSI/CAP

Ceftobiprole β-lactam ++ ++ ++ CAP/HAP

Dalbavancin lipoglyco-peptide ++ ++ + ABSSSI 

Oritavancin lipoglyco-peptide ++ ++ ++ ABSSSI 

Tedizolid oxazolidinone ++ ++ ++ ABSSSI 

Telavancin lipoglyco-peptide ++ ++ + SSSI/HAP/VAP

Zhanel GG; Drugs. 2010 May 7;70(7):859-86.
Kaushik D; Int J Antimicrob Agents. 2011 May;37(5):389-95.
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Ceftaroline β-lactam ++ ++ ++ ABSSSI/CAP
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Dalbavancin - Phase 3 Study Program

Dalbavancin for Infections of the Skin COmpared to Vancomycin at an Early Response

324.0 366.8

53.7 53.4

24.6 26.5

21.5 20.1

84.6 85.0

39.4 40.3

23.2 22.6

(cm²) Area of Infection, median

(%) Type of infection

Cellulitis

Major abscess

Traumatic wound/ Surgical site

(%) Systemic signs of infection

≥ 38°C (100.4 F)

>12,000 cells/mm³) WBC

(≥10%) Immature WBC forms (bands)

Characteristic
Dalbavancin

( N=659)

Vancomycin

/    Linezolid

N=653



Primary Endpoint: early response at 48-72 hours post initiation of therapy cessation

of spread of the erythema of the lesion, and resolution of fever.

Secondary Endpoint: Clinical Status at End of Therapy (Day 14-15, EMA primary

endpoint).

Dalbavancin - Phase 3 study design



Tedizolid profile 

Class

• Novel oxazolidinone administered as a microbiologically inactive prodrug
(tedizolid phosphate)

Mechanism of action

• Binds to the 50S subunit of the bacterial ribosome, resulting in inhibition of 
protein synthesis

Overview

• Efficacy in ABSSSI in a 6-day course in all patients

• Once daily treatment - 200 mg - IV and PO 

• No required dose adjustments or drug monitoring
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SIVEXTRO [US prescribing information]. Cubist Pharmaceuticals; Lexington, MA; 2014. 



Summary of Completed Tedizolid Clinical 
Development Studies

Phase 2 Studies

Study Dose and Regimen Purpose
No. of Subjects 

enrolled

TR701-1041 Oral 200, 300, or 400 mg tedizolid 

phosphate once daily for 5-7 days

Clinical and microbiological response, 

safety, population PK

192

TR701-1262 Oral 200 mg tedizolid phosphate FA once 

daily for 6 days

Safety and exploratory skin lesion 

measurement

200
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Phase 3 Studies

Study Dose and Regimen Purpose
No. of Subjects 

enrolled

TR701-1123

(ESTABLISH-1)

Oral 200 mg tedizolid phosphate FA 

once daily for 6 days or 600 mg 

linezolid twice daily for 10 days

Efficacy, safety, population PK in 

the treatment of ABSSSI

667

TR701-1134

(ESTABLISH-2)

IV to oral 200 mg tedizolid phosphate 

FA once daily for 6 days or IV to oral 

600 mg linezolid twice daily for 10 

days

Efficacy and safety in the treatment 

of ABSSSI

666

ABSSSI= acute bacterial skin and skin structure infections; FA= free acid; IV= Intravenous; PK = pharmacokinetics.

1. Prokocimer P, et al. Antimicrob Agents Chemother. 2011; 55(2): 583–592.

2. http://www.clinicaltrials.gov/ct2/show/NCT01519778?term=tr701-126&rank=1 (Assessed 25 Sep 2014). 

3. Prokocimer P, et al. JAMA. 2013;309:559-569. 4. Moran GJ, et al. Lancet Infect Dis. 2014 ;14:696-705.



Design of Phase 3 Studies

26bid = twice-daily dosing; EOT = end of therapy; LFU = late follow up; PTE = posttherapy evaluation; qd = once-daily dosing.

1. Prokocimer P, et al. JAMA. 2013;309:559-569. 2. Moran GJ, et al. Lancet Infect Dis. 2014 ;14:696-705.

●
●Linezolid

600 mg bid ●
●

Tedizolid

200 mg qd

● ● ● ● ● ● ●● ●●

Posttherapy evaluation

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

Early

48-72 h

Day 7 EOT

(Day 11)

PTE 

(Day 18-25)

LFU 

(Day 29-38)

●
●

Study Visits

● ● ● ● ● ● ●● ●●

Safety 

Analysis

• ESTABLISH-1: Oral tedizolid phosphate 200 mg QD x 6 days (with placebo dose to match BID 
administration of comparator arm), then 4 days of placebo BID

• ESTABLISH-2: Intravenous (IV) then oral tedizolid phosphate 200 mg QD x 6 days (with placebo dose 
to match BID administration of comparator arm), then 4 days of placebo BID

• Comparator: Linezolid 600 mg every 12 hours for 10 days (route to match tedizolid phosphate delivery)



ESTABLISH-1 and ESTABLISH-2
Efficacy Analysis

27ITT population. ITT=intent-to-treat; PTE = posttherapy evaluation.

1. Prokocimer P, et al. JAMA. 2013;309:559-569. 2. Moran GJ, et al. Lancet Infect Dis. 2014 ;14:696-705.

Tedizolid Linezolid Tedizolid Linezolid Tedizolid Linezolid Tedizolid Linezolid

ESTABLISH-2ESTABLISH-1 ESTABLISH-2ESTABLISH-1

≥20% decrease from baseline in 

lesion area at 48-72 hours1,2

Investigator assessment of 

clinical response at PTE1,2,3

1.9 (-4.5,8.3)

2.6 (-3.0,8.2) -0.5 (-5.8,4.9) 0.3 (-4.8,5.3)

N = 332 N= 335 N = 332N = 334 N = 332 N = 335 N = 332 N = 334



TZD
Peripheral, 
3 mos

LZD

LZD
Optic, 
3 mos

TZD

TZD
Peripheral, 
6 mos

LZD

LZD
Optic, 
6 mos

TZD

TZD Peripheral, 
9 mos

LZD

LZD
Optic, 
9 mos

TZD

Peripheral and Optic Neuropathy  
Non clinical Rat Models

28

 Tedizolid (TZD): dosed up to 8.4-fold higher 

than daily human exposure at 200 mg 

dose1

 Linezolid (LZD): dosed at the equivalent to 

the daily human exposure of 1200 mg2

No treatment-related 

neuropathology

Treatment-related 

neuropathology

Not performed

1. Hosako H, et al. ICAAC 2013. A-017b. 2. Zyvox [prescribing information]. Pfizer Inc: New York, NY; 2014. 





Early switch and early discharge criteria



Comparison of actual and hypothetical  intravenous days and bed-

days in ealrly switch -eligible and early discharge -eligible patients







• Era pre-antibiotica fino al 1940

• Era antibiotica 1940 - 2000

• Era post-antibiotica 2000 – 2015

• Nuova era antibiotica……


