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The Antibiotic Saga…

Davies & Davies, Microbiol. Mol. Biol. Rev. (2010) 74:417-33 
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… as a result…

telavancin

ceftaroline

daptomycin

tigecycline



10 May 2014 24th ECCMID - Perspectives on the evolution and dissemination of Gram-positive organisms 5

… But actually there are escapes for some 
of the “No ESKAPE” !

E. faecium

S. aureus

K. pneumoniae A. baumannii

P. aeruginosa

E. aerogenes
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Anti Gram-positive agents in the near pipeline

*   new target (not yet exploited) – dual site of action for oritavancin
** old target but not exploited in human systemic medicine
a unanimous vote in favor at the last FDA Public Hearing (March 2013)



10 May 2014 24th ECCMID - Perspectives on the evolution and dissemination of Gram-positive organisms 7

Main drugs approved for MRSA before 2008

• Vancomycin / teicoplanin (the old guys)

• Linezolid (approved in 2000)

• Tigecycline (approved in 2005)

• Daptomycin (approved in 2003)

• Cotrimoxazole, clindamycin, doxycycline/minocycline (CA-MRSA) 
(also old guys) 
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VANCOMYCIN (in the good old time)
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peak level: 30-40 mg/L 
2 h after the end of infusion

trough level: 5-10 mg/L
just before the next dose 
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VANCOMYCIN for IDSA
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VANCOMYCIN with IDSA guidelines: what are the risks …
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Vancomycin and nephrotoxicity in 2012 …
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Vancomycin and nephrotoxicity in 2012 …
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Vancomycin: The EUCAST Limits

EUCAST breakpoint 
set at 2 mg/L for S. aureus
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25-30 mg/L

400

Vancomycin: will continuous infusion help?
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Moise-Broder et al. Clin Pharmacokinet. 2004;43:925-42

efficacy

Ingram, P. R. et al. J. Antimicrob. Chemother. 2008 Jul;62 (1): 168-71.

toxicity

Css vancomycin > 28 mg/L en 

increased nephrotoxicity risk

[OR 21.236; P = 0.004]
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Linezolid

• Drug interactions: 
– cytochrome P450: no special effect

– antibiotics: rifampin causes a 21 % 

 

in LZD serum levels

– Monoamine Oxidase Inhibition (reversible, nonselective inhibitor): 


 

adrenergic and serotonergic agents (PRECAUTIONS)

• Myelosuppression (including anemia, leukopenia, pancytopenia, and 
thrombocytopenia) 
(WARNING)

• Hypoglycemia

• Lactic acidosis (PRECAUTION – Immediate medical attention)

• Peripheral and Optic Neuropathy (> 28 days)

• Convulsions 



LINEZOLID and Monoamine Oxidase A

Serotonin
Noradrenaline
Adrenaline 
Octopamine

Dopamine
Tyraminea

Tryptamine
Kynuramine
3-methoxytyramine

Benzylamine
Phenylethylamine
N-phenylamine
Octylamine
N-acetylputrescine
Milacemide
N-methyl-4-phenyl- 
1,2,3,6- 
tetrahydropyridine

MAO-A MAO-B

a MAO-A is the predominate form for oxidation of tyramine. (Elmer & Bertoni. Expert Opin Pharmacother. 2008;9:2759-2772)

Consequences of MAO-A Inhibition

• Serotonin Syndrome
• Hypertensive crisis 
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This is what we tell the pharmacists in Belgium….
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LINEZOLID and myelosuppression: Treatment discontinuation
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DAPTOMYCIN: What about the dosage ? 
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• Retrospective evaluation of multicenter cohort of adult patients with 
enterococcal infections (n=245) [Enterococcus faecium: 71%; 83% VRE]

• Median dosage and duration of HD-daptomycin:  
- 8.2 mg/kg/day (interquartile range [IQR], 7.7 to 9.7)
- 10 days (IQR, 6 to 15)

• Median time to clearance of blood cultures on HD-daptomycin:
- 3 days (IQR, 2 to 5)

• 3% of patients had creatine phosphokinase (CPK) elevation but no 
HD-daptomycin regimen was discontinued

DAPTOMYCIN: High dosage shows a 
favourable safety profile



Daptomycin: Pros and Cons

• rapidly bactericidal
• highly potent, including 
against MDR strains  

• not for pneumonia
• not active against VISA 
• risk of emergence of 

resistance at low doses
• need to increase the 

dose in difficult-to-treat 
infections with toxicity 
risk ?
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TIGECYCLINE: Clinical Failures…



Tigecycline: Pros and Cons

• active against MRSA 
resistant to other 
antibiotics

• good cellular 
penetration

• bacteriostatic
• MICs very close to 

breakpoint
• side effects limit dose 

increase
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The newcomers (approved for MRSA after 2008)

• Telavancin: approved by EC * in 2011 for
– nosocomial pneumonia (NP) including ventilator associated pneumonia, 

known or suspected to be caused by methicillin-resistant 
Staphylococcus aureus (MRSA)

• Ceftaroline: approved by EC * in 2012 for 
– complicated skin and soft tissue infections (cSSTI)
– community-acquired pneumonia (CAP) **

• Ceftobiprole: approved in Europe in 2013 (decentralized 
procedure with 12 initial countries ***) for 
– hospital-acquired pneumonia (HAP), excluding ventilator-associated 

pneumonia (VAP)
– community-acquired pneumonia (CAP)

*   following a positive opinion of the EMA (approvals in Europe are made final by the European Commission)
**  No cases of CAP due to MRSA were enrolled into the registration studies (Summary of Product Characteristics) 

http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002252/human_med_001584.jsp&mid=WC0b01ac058001d124
***  initial submission to UK

http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002252/human_med_001584.jsp&mid=WC0b01ac058001d124
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Why is ceftaroline 
active against MRSA? 

An allosteric 
mechanism

Otero et al. Proc Natl Acad Sci USA. 2013 Oct 15;110(42):16808-13.

Allosteric site
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CEFTAROLINE: MICs

S. aureus (all; n = 240)
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MSSA (n = 83)
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S.aureus MIC distributions

MRSA (n = 157)
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* isolates collected o, Belgium between 2011 and 2012 from patients suffering of wound infections in 3 hospitals 
(1 in South-East of Brussels; 1 in North of Brussels; 1 in Hainaut) 

*

Tulkens et al. 26th ICC, 2013 and unpublished

EUCAST breakpoints of ceftaroline, vancomycin and linezolid
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Ceftaroline: Pros and Cons

• broad spectrum? 
(polymicrobial infections)

• bactericidal
• synergistic with AG
• tissue penetration
• efficient in cSSTI, 

CAP
• alternative for 

vancomycin

• broad spectrum?
• IV only
• is the dose correct?
• “easy indications”
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Ceftobiprole: Pros and Cons

• broad spectrum? 
(polymicrobial infections)

• bactericidal
• synergistic with AG
• tissue penetration
• efficient in HAP and 

CAP

• broad spectrum?
• IV only
• is the dose sufficient (?)
• dysgeusia, nausea
• inefficient in VAP
• no approval so far 

for cSSSI



10 May 2014 24th ECCMID - Perspectives on the evolution and dissemination of Gram-positive organisms 29

Several new antibiotics expected in Europe

• Lipoglycopeptides
– Dalbavancin (Submitted to EMA December, 2013)
– Oritavancin (Submitted to EMA  February 2014) 

• Oxazolidinones
– Tedizolid (Submitted to EMA February 2014)

• Ketolides
– Solithromycin

• Fluoroquinolones
– Delafloxacin 
– JNJ-Q2



Dalbavancin / Oritavancin

• Highly bactericidal lipoglycopeptides with low MICs for MRSA (but 
perhaps not useful for VISA strains; dalbavancin not active against  
VRSA)

• Very long elimination half-lives allowing for very infrequent 
administration schemes 
– dalbavancin: 1000 mg × 1, then 500 mg 1 week later …
– oritavancin: a single 1200 mg dose !

• Efficacy studied mostly for complicated Skin and Skin Structures 
Infections (cSSSI)

• Long roads in an attempt to gain regulatory approval
– dalbavancin: Vicuron  Pfizer  Durata *
– oritavancin: Lilly  Intermune  Targanta  Medicines Company

* FDA panel recommendation (unanimous) – March 2014
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Dalbavancin/Oritavancin: Pros and Cons

• rapidly bactericidal
• very low MICs
• once / once-a-week
• safety (so far)

• no oral route
• prolonged retention 

in the organism?
• activity against VISA 

strains?
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From linezolid to tedizolid* and radezolid: 
impact on MICs and on  cfr+ LZDR-strains 
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Lemaire et al, JAC (2009) 64:1035-43 ; AAC (2010) 54:2549-59

strain Phenotype Linezolid Tedizolid Radezolid 

Staphylococcus aureus     

ATCC 25923 MSSA 2 0.25 0.25-0.5 

ATCC 33591 HA-MRSA 1 0.125-0.25 0.5-1 

SA 238 HA-MRSA 2 0.25-0.5 0.5-1 

SA 238L HA-MRSA, LZDR 16 1 2 

NRS 192 CA-MRSA 2 0.125-0.25 0.5 

NRS 384 CA-MRSA 2 0.25 0.5 

NRS 52 VISA 2 0.125 2 

VRS 1 VRSA 1-2 0.125-0.25 0.5 

VRS 2 VRSA 1-2 0.25 2 

Listeria monocytogenes     

EGD  1-2 0.125 0.03-0.06 

Legionella pneumophila     

ATCC 33153  4-8 0.25-0.5 0.5-1 

 

* originally named torezolid (or TR700)
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TEDIZOLID: activity against cfr+ LZDR-strains

Locke et al, AAC (2010) 54: 5337–43 

Binding of tedizolid 
to methylated ribosomes

linezolid

tedizolid
O

NO

HO

F

N

N
N

NN
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TEDIZOLID: target attainment rate

a possible breakpoint ?

FDA briefing document: anti-infective drug 
advisory committee meeting
March 31, 2014
http://www.fda.gov/downloads/advisorycommittees/committe 
esmeetingmaterials/drugs/anti- 
infectivedrugsadvisorycommittee/ucm390789.pdf
Last accessed: April 4, 2014

http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/anti-infectivedrugsadvisorycommittee/ucm390789.pdf
http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/anti-infectivedrugsadvisorycommittee/ucm390789.pdf
http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/anti-infectivedrugsadvisorycommittee/ucm390789.pdf


Tedizolid for Acute Bacterial Skin and Skin Structure Infections (ABSSSI): 
ESTABLISH-1 and ESTABLISH-2 Study Designs

• Randomized, double-blind, multicenter, non-inferiority studies
• Dosing

• 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)

1º
FDA

1º
EMA 

2º
FDA

2º
EMA

Safety 
Analysis

Tedizolid
1x 200 mg

Linezolid
2x 600 mg

Post-Treatment 
Evaluations

END-POINTS FOR GLOBAL REGISTRATION 

Noninferiority Trial Design vs Linezolid

1º
EMA 

2º
FDA

QD = once daily; BID = twice daily.
1. Prokocimer P, et al. JAMA. 2013;309(6):559-569; 2. http://www.clinicaltrials.gov/ct2/show/NCT01421511; 3. Fang E, et al. Efficacy and safety results from the 
ESTABLISH-2 ABSSSI study comparing IV and oral tedizolid phosphate and linezolid. Poster presented at:  23rd European Congress of Clinical Microbiology and Infectious 
Diseases (ECCMID); April 27-30, 2013; Berlin, Germany. (LB2964).
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http://www.clinicaltrials.gov/ct2/show/NCT01421511


Efficacy studies as 
seen by the FDA: 

ESTABLISH 
1 & 2 

(tedizolid vs 
linezolid)
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no difference  in 
spite of a lower 

dose (200 mg QD) 
and a shorter 

treatment duration 
(6 days)

FDA briefing document: anti-infective drug 
advisory committee meeting
March 31, 2014
http://www.fda.gov/downloads/advisorycommittees/committe 
esmeetingmaterials/drugs/anti- 
infectivedrugsadvisorycommittee/ucm390789.pdf
Last accessed: April 4, 2014

http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/anti-infectivedrugsadvisorycommittee/ucm390789.pdf
http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/anti-infectivedrugsadvisorycommittee/ucm390789.pdf
http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/anti-infectivedrugsadvisorycommittee/ucm390789.pdf


ESTABLISH-1: Safety Results

Patients with treatment-emergent adverse events (TEAEs) in 
the safety population (i.e. all patients who received at least 1 
dose of active study drug)

Tedizolid
(N=331)

n (%)

Linezolid
(N=335)

n (%)

≥

 

1 TEAE 135 (40.8) 145 (43.3)

Discontinuation due to TEAE 2 (0.6) 2 (0.6)

Most commonly reported TEAEa

Nausea 
Headache
Diarrhea
Abscess
Abscess limb
Vomiting
Cellulitis
Dizziness
Pruritus
Dyspepsia

28 (8.5)
21 (6.3)
15 (4.5)
14 (4.2)
12 (3.6)
9 (2.7)
8 (2.4)
8 (2.4)
3 (0.9)
2 (0.6)

45 (13.4)
17 (5.1)
18 (5.4)
8 (2.4)

10 (3.0)
20 (6.0)
8 (2.4)
7 (2.1)
8 (2.4)
7 (2.1)

aIn either treatment group, 2% or more reported one of these adverse events.
1. Prokocimer P, et al. JAMA. 2013;309(6):559-569.
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Platelet Counts – Pooled Phase 3 Studies

TEAE=treatment-emergent adverse events; LLN=lower limit of normal; TZP=tedizolid; LZD=linezolid.
a Platelet counts were collected on Study Day 7-9, Study Day 11-13,  and after the last dose of study drug. 
DeAnda et al. Integrated results from 2 phase 3 studies comparing tedizolid phosphate 6 days vs. linezolid 10 days in patients with ABSSSI. Poster presented at: 53rd 
Interscience Congress on Antimicrobial Agents and Chemotherapy (ICAAC); September 10-13, 2013; Denver, CO. (L-203).

At any post-baseline assessment through last dose of study drug a
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TEDIZOLID: Specific Safety Concerns

• Neurologic Disorders
– 1.2% (tedizolid) vs 0.8% (linezolid)

• Optic Nerve Disorders 
– 0.3% (tedizolid) vs 0.2% (linezolid)

• Myelosuppression 
– tedizolid: 1 patient in phase 3 (no patient in phase 2)

• Lactic acidosis 
– not observed in Phase 2 and Phase 3 trials

• Convulsions 
– none observed

FDA briefing document: anti-infective drug 
advisory committee meeting
March 31, 2014
http://www.fda.gov/downloads/advisorycommittees/committe 
esmeetingmaterials/drugs/anti- 
infectivedrugsadvisorycommittee/ucm390789.pdf
Last accessed: April 4, 2014

http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/anti-infectivedrugsadvisorycommittee/ucm390789.pdf
http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/anti-infectivedrugsadvisorycommittee/ucm390789.pdf
http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/anti-infectivedrugsadvisorycommittee/ucm390789.pdf
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Tedizolid: Pros and Cons

• active on cfr+ LZDR 

strains
• more potent against 
intracellular bacteria

• possibly less toxic 
than LZD

• rather bacteriostatic
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FDA Hearings

http://www.medscape.com/viewarticle/822954?nlid=53443_2243&src=wnl_edit_medp_infd&uac=83243PZ&spon=3
Last visited: 4 April 2014

http://www.medscape.com/viewarticle/822954?nlid=53443_2243&src=wnl_edit_medp_infd&uac=83243PZ&spon=3
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At the end of the day…

new antibiotics are 
coming… but mainly for 
Gram-positive (so far)…

http://antibiotic-action.com
Last visited: 4 April 2014 

http://www.idsociety.org/policysplash/
Last visited: 4 April 2014

http://antibiotic-action.com/
http://www.idsociety.org/policysplash/
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Back-up
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VANCOMYCIN 
in 2013
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VANCOMYCIN : The Limits

breakpoint set at 2 mg/L
for S. aureus

EUCAST breakpoint
set at 4 mg/L
for Enterococci
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VANCOMYCIN : The Limits due to 
heteroresistance

Casapao et al Antimicrob Agents Chemother 2013;57:4252-4259 
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VANCOMYCIN : The Limits due to 
heteroresistance

Casapao et al Antimicrob Agents Chemother 2013;57:4252-4259 

Casapao et al Antimicrob Agents Chemother 2013;57:4252-4259 
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Adverse events observed in all enrolled patients (n = 94).

•at least 1 adverse event: 13.8%

•nephrotoxicity ‘possible’ ADE multiple RF

•treatment discontinuation in only 2 cases

VANCOMYCIN: actual toxicity with CI

hypersensivity 
2 (2,1%)

nephrotoxicity* 
10 (10,6%) 

NO (86,2%)

hematologic 
1 (1.1%)

*IDSA consensus statement def. of vancomycin nephrotoxicity (Rybak et al. Am J Health-Syst Pharm 2009): 
2 or 3 documented increases in serum creatinine level; increase of 0.5 mg/dL OR ≥

 

50% increase from baseline after 
several days of vancomycin therapy.  

Ampe et al. Int J Antimicrob Agents. 2013 May;41(5):439-46 
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DAPTOMYCIN
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DAPTOMYCIN



10 May 2014 24th ECCMID - Perspectives on the evolution and dissemination of Gram-positive organisms 52

TIGECYCLINE:  Adverse Reactions
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Ceftobiprole

Lovering et al., ECCMID (2006) P1586 
Hebeisen et al., AAC (2001) 45:825-31

BAL9141
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PBP2a: 
1. The Ceftobiprole “Opening” 

Hypothesis

Lovering et al. ECCMID 2006, Abstract P1586. 

ceftobiprole and PBP2a
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CEFTAROLINE: current indications
EMA approved indications (2012): 

treatment of adults 
• with community acquired pneumonia
• complicated skin and soft tissue infection

FDA approved indications (2010):

•community-acquired bacterial pneumonia (CABP) caused by susceptible isolates of 
the following Gram-positive and Gram-negative microorganisms: Streptococcus 
pneumoniae (including cases with concurrent bacteremia), Staphylococcus aureus (methicillin-susceptible 
isolates only), Haemophilus influenzae, Klebsiella pneumoniae, Klebsiella oxytoca, and Escherichia coli.

• acute bacterial skin and skin structure infections (ABSSSI) caused by susceptible 
isolates of the following Gram-positive and Gram-negative microorganisms: 
Staphylococcus aureus (including methicillin-susceptible and -resistant isolates), Streptococcus pyogenes, 
Streptococcus agalactiae, Escherichia coli, Klebsiella pneumoniae, and Klebsiella oxytococa
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Otero et al. Proc Natl Acad Sci USA. 2013 Oct 15;110(42):16808-13.

Stereoview of the Allosteric Signal 
Propagation in PBP2a by Ceftaroline.

Otero et al. Proc Natl Acad Sci USA. 2013 Oct 15;110(42):16808-13.
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New (lipo)glycopeptides: structure-activity relationships

Van Bambeke, Cur. Opin. Pharmacol. (2004) 4:471-8
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TELAVANCIN

Van Bambeke et al., TIPS (2008) 29:124-34
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In vitro activity

Draghi et al., AAC (2008) 52:2383-2388 
ICAAC (2008) C1-146,150,151

species phenotype TLV VAN

S. aureus

MSSA 0.25/0.5 1/1

MRSA 0.25/0.25 1/1

VISA 0.5-1 4/4

VRSA 2-4 16*

S. pneumo
PenS 

 

0.06/

 

0.06 

 

0.25/

 

0.25

Pen nonS 

 

0.06/

 

0.06 

 

0.25/

 

0.5

Enterococci
VanS 0.12/0.5 1/2

VanR 4-16 16*

* Median value
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Telavancin clinical studies: safety

« metallic/soapy »

Polysos et al., PLoSone (2012) 7: e41870

Adverse events and laboratory abnormalities for pooled cSSTIs and HAP studies
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CEFTAROLINE

TAK-599Prodrug (fosamyl)

TAK-91825

-lactamases

PBP2a

Ishikawa et al., Bioorg Med Chem. (2003) 11:2427-37 

Gram-neg
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Ceftroline 
Safety profile 
(Phase III)
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TELAVANCIN: current indications
EMA approved indication (2011): 

treatment of adults with nosocomial pneumonia, including ventilator 
associated pneumonia, 

• known or suspected to be caused by MRSA; 
• only in situations where it is known or suspected that other 

alternatives are not suitable.

FDA approved indication (2009):

treatment of adult patients with complicated skin and skin structure 
infections

• caused by susceptible Gram-positive bacteria, 
• including Staphylococcus aureus, both MRSA and MSSA 

Hospital-acquired and ventilator-associated bacterial pneumonia(HABP/VABP) 
caused by susceptible isolates of Staphylococcus aureus, when alternative 
treatments are not suitable.



INTEGRATED ANALYSIS OF THE EFFICACY OF DALBAVANCIN FOR THE 
TREATMENT OF ACUTE BACTERIAL SKIN AND SKIN STRUCTURE 

INFECTIONS (ABSSSI) IN THE DISCOVER PROGRAM
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• Once weekly IV dalbavancin is not inferior to a twice daily regimen of IV vancomycin followed 
by oral linezolid at the early time point (48–72 hours)

• Success rates at EOT for patients with ABSSSI were similar between treatment groups
• Dalbavancin was well tolerated and associated with fewer adverse events than vancomycin 

followed by linezolid
Poster 1339.  Wilcox, et al, IDWeek October 2013  



Oxazolidinones: mechanisms of 
resistance



Activity against cfr + resistant strains 
… (cfr)

Locke et al. AAC 2010;54:5337-5343
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Oxazolidinones: mechanisms of 
resistance



Tedizolid and ribosomal 
mutations

TDZ 
MICs are 

2-3 < 
than LZD

Locke et al. AAC 2010;54:5337-5343
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TEDIZOLID: MAO inhibition
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TEDIZOLID Phase I: platelets (21 days)
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TEDIZOLID Phase III
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TEDIZOLID Phase III
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TEDIZOLID Phase III
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