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Research grants for work on investigational compounds discussed in this 
presentation from
• Cempra Pharmaceuticals 1
• Cerexa
• GSK
• Melinta Therapeutics 
• The Medicine Company
• MerLion Pharmaceuticals
• Theravance
• Trius Therapeutics 2

Influenced by my participation to the 
• Belgian Drug Reimbursement Committee (CRM/CTG; up to 2006)
• EUCAST steering committee (2008-2010) and General Assembly (current)
• the Governance Body of DRIVE-AB (2014-2017)

(an EU programme aiming at (re)designing the economic framework of the discovery,  
development and commercialization processes for new antibiotics)
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1 now merged with and renamed as Melinta Therapeutics
2 acquired by Cubist, which was then acquired by Merck 



New antibiotics: what is your own view of the pipeline ?

16 Nov 2017 New and Future Antibiotics for Gram-positive Infections 3



Here are the questions …

The pipeline is 

1. empty

2. has only mee-too's (no interest for the clinician)

3. contains compounds with useful properties 
compared to old friends…

4. contains truly novel compounds
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Please, think about
what YOU would choose !



Newly registered anti-Gram(+) antibiotics in 2008-2012
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telavancin
ceftaroline

Approvals by FDA/EMA – systemic antibiotics 
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Newly registered anti-Gram (+) antibiotics since 2013 
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telavancin

ceftaroline

Approvals by FDA/EMA – systemic antibiotics 

Shall we succeed ?

6

oritavancin

tedizolid

delafloxacine

dalbavancin

ceftobiprole



Anti Gram-positive recently approved drugs
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company drug class approved
indications 1

useful activity against
MRSA MDRSP VRE

Theravance Telavancin

lipoglyco-
peptides

cSSSI / 
HABP/VABP   VanB

only

Durata Ther. Dalbavancin ABSSSI   VanB
only

The MedCo Oritavancin ABSSSI   

MSD / Bayer Tedizolid oxazolidinone ABSSSI   
Forrest

Astra-Zeneca Ceftaroline
β-lactams

ABSSSI / CABP   

Basilea Ceftobiprole2 CAP / HAP   

Melinta Delafloxacin3 fluoro-
quinolone4 ABSSSI  

1 FDA (US Food and Drug Administration) and/or  EMA (European Medicines Agency) unless indicated otherwise
2 approved in 13  EU countries:  AT, BE, CH, DE, DK, ES, FI, FR, IT, LU, NO, SE, UK;    
3 approved by FDA only at this stage
4 activity also demonstrated against several Gram-negative organisms
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MRSA: Methicillin-resistant Staphylococcus aureus
MSRSP: multidrug resistant Streptococcus pneumoniae
VRE: vancomycin resistant Enterococci



Lipoglycopeptides
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Prolonged half-life

• prolonged half-life
• Membrane anchoring

dimerization

Decreased half-life

Van Bambeke F. Curr Opin Pharmacol. 2004;4:471-8 - PMID 15351351.
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https://www.ncbi.nlm.nih.gov/pubmed/?term=15351351


Lipoglycopeptides: dual mode of action
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• highly bactericidal
• activity on VR strains
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Van Bambeke et al. Trends Pharmacol Sci. 2008;29:124-34 - PMID 18262289

https://www.ncbi.nlm.nih.gov/pubmed/?term=18262289


Lipoglycopeptides: pharmacokinetics
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parameter VAN ORI TLV TEC DAL

Dosage 15 mg/kg 1200 mg 10 mg/kg 6 mg/kg 1000 mg

Cmax
(mg/L)

20-50 138 93 43 287

AUC
(mg.h/L)

260 1110 (24h)
2800 (tot) 668 600 3185 (24h)

23443 (tot)

(%) prot. 
binding 55 85 95 88-94 99

T ½ (h)
1 (β)

3-9 (γ)
14 (β)
245 (γ)

8
10 (β)
168 (γ)

346 (γ)

single dose 
treatment !

once-a-week dose 
treatment (2 doses)
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Oritavancin: a unusual development …
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N Engl J Med 2014;370:2180-90.

Participants underwent randomization in a 1:1 ratio to receive either 
• a single intravenous dose of 1200 mg of oritavancin followed by 

intravenously administered placebo, or 
• an intravenous dose of vancomycin (1 g, or 15 mg per kilogram 

of body weight) every 12 hours for 7 to 10 days



Oritavancin: a unusual development …
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N Engl J Med 2014;370:2180-90.



Oritavancin: a unusual development …
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N Engl J Med 2014;370:2180-90.
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Tedizolid



16 Nov 2017 New and Future Antibiotics for Gram-positive Infections 15

Dong-A pharmaceuticals and tedizolid: step #1

Replacing the morpholinyl
by a pyridinyl and adding 
a methyl-tetrazolyl moiety
 increases activity
 prolongs half-life
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Tedizolid has more interactions with the ribosome…

tedizolid



Tedizolid is systematically 
3-4-x more active than 
linezolid against LSDS strains
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potential 
role of the 
tetrazolyl 
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Lemaire et al. JAC 2009; 64:1035–1043
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Dong-A pharmaceuticals and tedizolid: step #2
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2. replacing the 
acetamido by an 
hydroxyl maintains 
the increased 
activity vs. linezolid !



Oxazolidinones: the cfr+ mechanism of resistance

• plasmid-mediated 1

• First identified in animals and then in clinical isolates 2,3

• acting through C-8 methylation of the a ribosomal adenine (A2503) 4,5

• causes cross-resistance to linezolid and 5 drug classes (phenicols, lincasamides, 
pleuromutilins, streptogramins and 16-membered macrolides) 6,7

• present now in Europe 8,9 and in China 10
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1 Toh et al. Mol Microbiol 2007;64:1506-14 - PMID 17555436
2  Schwarz et al. Antimicrob Agents Chemother 2000;44:2530-3 - PMID 10952608
3  Kehrenberg & Schwarz. Antimicrob Agents Chemother 2006;50:1156-63 - PMID 16569824
4  Kehrenberg et al. Mol Microbiol. 2005;57:1064-73 - PMID 16091044
5  Giessing et al. RNA 2009;15:327-36 - PMID 19144912
6  Long et al. Antimicrob Agents Chemother 2006;50:2500-5 - PMID 16801432
7  Smith & Mankin. Antimicrob Agents Chemother 2008;52:1703-12 - PMID 18299405
8  Inkster et al. J Hosp Infect. 2017;pii: S0195-6701(17)30385-7 - [Epub ahead of print] - PMID 28698020
9  Dortet et al. J Antimicrob Chemother 2017;Epub ahead of print - PMID 29092052.

10 Bi et al. J Glob Antimicrob Resist 2017;pii:S2213-7165(17)30205-9 - PMID 29101082
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• Tedizolid retains full potency against cfr+ strains and we know why… (see next slides)
1  Shaw et al. Antimicrob Agents Chemother. 2008;52:4442-7 - PMID 18838596
2  Jones et al. J Antimicrob Chemother 2009;63:716-20 - PMID 19218276
3  Livermore et al. J Antimicrob Chemother 2009;63:713-5 - PMID 19164418



Activity against Cfr+ resistant strains … (cfr+ bacteria)
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Locke et al. AAC 2010;54:5337-5343



Why is tedizolid active against LZDR

strains (cfr) ?
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Tedizolid: key PK/PD parameters and breakpoints
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• excellent oral bioavailability ( IV ∼ oral)

• long half-life (∼ 12 h) 
(with concentrations > 0.5 mg/L for ∼18 h)

• activity dependent from the AUC24h (total daily dose/clearance) 
irrespective of the dosing scheme (Q8, Q12, Q24)

 ONCE daily dosing (oral or IV) @ 200 mg
 breakpoint: S ≤ 0.5 mg/L – R > 0.5 (EUCAST) or ≥ 2 (FDA) 

• elimination mainly by the faeces

 no need of dose adjustment in patients with renal impairment or 
in hemodialysis



Tedizolid phase III studies
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Prokocimer et al. JAMA. 2013; 309:559-69 -PMID: 23403680. 

Moran et al. Lancet Infect Dis. 2014; 14:696-705 - PMID: 24909499.

https://www.ncbi.nlm.nih.gov/pubmed/?term=23403680
https://www.ncbi.nlm.nih.gov/pubmed/?term=24909499


Tedizolid phase III studies
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Prokocimer et al. JAMA. 2013; 309:559-69 -PMID: 23403680. 

Moran et al. Lancet Infect Dis. 2014; 14:696-705 - PMID: 24909499.

 tedizolid: 200 mg once daily
for 6 days

 linezolid: 600 mg twice daily
for 10 days (as per label)

https://www.ncbi.nlm.nih.gov/pubmed/?term=23403680
https://www.ncbi.nlm.nih.gov/pubmed/?term=24909499
http://labeling.pfizer.com/showlabeling.aspx?id=649


Tedizolid phase III studies: Results in a nutshell
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Tedizolid phase III studies: Results in a nutshell
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Ceftobiprole and ceftaroline
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Van Bambeke, Glupczynski, Mingeot-Leclercq & Tulkens
Infectious Diseases, 3d Edition

Chap. 130: Mechanisms of action
Elsevier/Mosby, 2010

Available on line at http://www.expertconsultbook.com/

http://www.expertconsultbook.com/
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The ceftobiprole PBP2a "opening" hypothesis

Lovering et al. ECCMID 2006, Abstract P1586. 

ceftobiprole and PBP2a
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Why does ceftaroline
act on PBP2a: 

the new 
(and probably correct) 

mechanism

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



Ceftaroline vs MSSA and MRSA *
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MSSA / MRSA (n = 83 / 157)
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* isolates collected 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 "S" 
breakpoint **

** The S-breakpoint is based on standard dosage 
(0.6 g x 2 iv over 1 hour); a I breakpoint (2 mg/L) 
implies a high dosage (0.6 g x 3 over 2 hours). In 
pneumonia, there is no clinical data on the 
treatment of S. aureus with MICs above 1 mg/L. 



Ceftaroline vs MSSA and MRSA (EUCAST) *
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* EUCAST MIC distributions (https://mic.eucast.org/Eucast2/ [last visited: 12 Nov 2017) 

** The S-breakpoint is based on standard dosage 
(0.6 g x 2 iv over 1 hour); a I breakpoint (2 mg/L) 
implies a high dosage (0.6 g x 3 over 2 hours). In 
pneumonia, there is no clinical data on the 
treatment of S. aureus with MICs above 1 mg/L. 

MSSA / MRSA EUCAST (n =1494 / 10175)
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https://mic.eucast.org/Eucast2/


Delafloxacin
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Future Microbiology: Drug Evaluation review (2015) 10:1111–1123 - PMID: 26119479

https://www.ncbi.nlm.nih.gov/pubmed/?term=26119479


Delafloxacin, the first “non-zwitterionic” quinolone
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Future Microbiology: Drug Evaluation review (2015) 10:1111–1123 - PMID: 26119479

https://www.ncbi.nlm.nih.gov/pubmed/?term=26119479


Delafloxacin, the first “non-zwitterionic” quinolone
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Increased
• uptake by bacteria
• activity at acidic pH

Future Microbiology: Drug Evaluation review (2015) 10:1111–1123 - PMID: 26119479

MICs of 
delafloxacin
decrease from 
0.00094 mg/L at 
pH 7.4 to 
0.00006 mg/L at 
pH 5.5 !

https://www.ncbi.nlm.nih.gov/pubmed/?term=26119479


Delafloxacin registration
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Delafloxacin fast registration

16 Nov 2017 New and Future Antibiotics for Gram-positive Infections 39

BAXDELA prescribing information:
https://www.baxdela.com/docs/baxdela-prescribing-information.pdf
Last updated: June 2017
Last accessed: 15 Nov 2017

https://www.baxdela.com/docs/baxdela-prescribing-information.pdf


How to choose ?
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simple dosing

short treatment
with oral relay

failure due
insusceptibility

toxicity

A short personal view…



How to choose ?
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simple dosing

failure due
insusceptibility

toxicity

ceftaroline
MRSA limits short treatment

with oral relay

A short personal view…



How to choose ?
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simple dosing

failure due
insusceptibility

toxicity

delafloxacin
"quinolones" 

effects

short treatment
with oral relay

A short personal view…

lipoglycopeptid
es long tissue 

residence

ceftaroline
MRSA limits



How to choose ?
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simple dosing

failure due
insusceptibility

toxicity

oritavancin
"once" dosing

short treatment
with oral relay

A short personal view…

delafloxacin
"quinolones" 

effects

lipoglycopeptid
es long tissue 

residence

ceftaroline
MRSA limits



How to choose ?
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simple dosing

failure due
insusceptibility

toxicity

short treatment
with oral relay

tedizolid 6 
days treatment

A short personal view…

oritavancin
"once" dosing

delafloxacin
"quinolones" 

effects

lipoglycopeptid
es long tissue 

residence

ceftaroline
MRSA limits



Clinical and Economic Burden of MRSA

Clinical burden
Significant prevalence
Increased mortality
Reduced cure rates
Intangible burden

Economic  
burden
Isolation costs
higher staff costs
drug costs
hygiene measures

hospital LOS 
ICU stay 

Vancomycin
Daptomycin

Ceftaroline

Dalbavacin
Oritavacin

Tedizolid



Short effective treatments may be the way to go…
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We have criteria since long !
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Desai et al. BMC Infect Dis. 2006;6:94 - PMID 16762061

Nathwani et al. Clin Microbiol Infect 2015;21 Suppl 2:S47-55 -PMID 26198369

https://www.ncbi.nlm.nih.gov/pubmed/?term=16762061
https://www.ncbi.nlm.nih.gov/pubmed/?term=26198369


Here are useful (early) criteria…

16 Nov 2017 New and Future Antibiotics for Gram-positive Infections 48

Desai et al. BMC Infect Dis. 2006;6:94 - PMID 16762061

https://www.ncbi.nlm.nih.gov/pubmed/?term=16762061
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Adapted from:
• Nathwani et al. Clin Microbiol Infect 2015;21 Suppl

2:S47-55 -PMID 26198369
• Antimicrobial stewardship: “Start smart – then focus”; 

guidance for antimicrobial stewardship in hospitals 
(England).2011; available from  
https://www.gov.uk/government/uploads/system/uploa
ds/attachment_data/file/215308/dh_131181.pdf (last 
visited: 9/04/2017)

Early Switch 
should be part 

of a policy

https://www.ncbi.nlm.nih.gov/pubmed/?term=26198369
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/215308/dh_131181.pdf


But what about the pre-registration pipeline…

16 Nov 2017 New and Future Antibiotics for Gram-positive Infections 50



Anti Gram-positive antibiotics in the pipeline 
(phases II/III) – 1/2
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company drug class status MRSA MDRSP VRE

Cempra solithromycin ketolide
Phase III

CAPB  

TaiGen nemonoxacin

fluoroquinolone

Phase III
CAPB / ABSSSI  

Dong zabofloxacin
Phase III

CAPB  

Activis avarofloxacin Phase II completed
CAPB / ABSSSI  

MerLion finafloxacin Phase II
ABSSSI  

GSK GSK2140944 topoisomerase
inhibitor

Phase II
respiratory /  ABSSSI  

Constructed based on www.pewtrusts.org (not exhaustive)
51

http://www.pewtrusts.org/
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company drug class status MRSA MDRSP VRE

Melinta radezolid oxazolidinone Phase II
CAPB / ABSSSI   

Paratek omadacycline aminomethyl
cyclines

Phase III
CAPB / ABSSSI   

Cempra fusidic acid fusidane Phase III
ABSSSI 

Debiopharm Debio1452
FabI inhibitor

Phase II 
S. aureus ABSSSI 

Crystal-
genomics CG-400549 Phase II

ABSSSI / osteomyelitis 

Theravance TD-1792 glycopeptide + 
cephalosporine

Phase II completed
cSSSI  

Nabriva lefamulin pleuromutilin Phase II completed
ABSSSI /CABP/HA-VABP   

Cellceutix brilacidin defensin-
mimetic

Phase II completed
ABSSSI  

Constructed based on www.pewtrusts.org (not exhaustive)

Anti Gram-positive antibiotics in the pipeline 
(phases II/III) – 2/2

52

http://www.pewtrusts.org/


Antibiotic pipeline: the reality today
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• Most advanced molecules (Phase III) are new derivatives 
of existing classes but with improved properties
(MIC – resistance – PK- safety)

• BUT there are 
… many more in preclinical development
… some very new *

* I cannot tell you which ones as I'm under confidentiality agreement



Asking the same questions …

The pipeline is 

1. empty

2. has only mee-too's (no interest for the clinician)

3. contains compounds with useful properties 
compared to old friends…

4. contains truly novel compounds
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Did you change your mind ?



Antibiotic pipeline: some work ahead
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• Susceptibility Breakpoint harmonization

antibiotic EUCAST CLSI/FDA

S ≤ R > S ≤ R ≥

rifampicin 0.06 0.5 1 4

azithromycin 1 2 2 8

doxycycline 1 2 4 16

vancomycin 2 2 2 16

linezolid 4 4 4 8

tedizolid 0.5 0.5 0.5 2

ceftaroline 1 2 1 4

telavancin 0.125 0.125 0.125

dalbavancin 0.125 0.125 0.125

An example with MRSA …



Antibiotic pipeline: can we do better ?
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 This will raise issues for reimbursement,
especially against the generics of the comparators 
used in these studies

 Need to design superiority trials and 
to focus pricing and reimbursement 
for documented cases of infection by resistant organisms

• Equivalence to current options in comparative clinical trials



Integrating superiority trials in the process

16 Nov 2017 New and Future Antibiotics for Gram-positive Infections 57



16 Nov 2017 New and Future Antibiotics for Gram-positive Infections 58

What will be our future ?
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