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New antibiotics: what is your own view of the pipeline ?
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New antibiotics: where are we ?
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telavancin
ceftaroline

Approvals by FDA/EMA – systemic antibiotics 
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telavancin
ceftaroline

Approvals by FDA/EMA – systemic antibiotics 

dalbavancin

oritavancin
tedizolid
ceftazidime/avibactam *
ceftolozane/tazobactam

Shall we succeed ?
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FDA only so far



Why do see that in the US ?

1. Definition of the “Qualified infectious disease product (QIDP) 

qualifying pathogens: pathogens that have the highest unmet 

medical need” by the FDA *

 list of 21 microorganisms from both hospital and community
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* US eCFR Title 21, Chapter I, Subchapter D, §317.2 List of qualifying pathogens that have the potential to pose a serious threat to public 
health. 2014 [12.01.2015]. 
Available from: http://www.ecfr.gov/cgi-bin/retrieveECFR?gp=1&SID=8508abd4d5a913bee24de949bb1920d2&ty=HTML&h=L&r=PART&n=pt21.5.317

http://www.ecfr.gov/cgi-bin/retrieveECFR?gp=1&SID=8508abd4d5a913bee24de949bb1920d2&ty=HTML&h=L&r=PART&n=pt21.5.317
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Why do see that in the US ?

1. Definition of the “Qualified infectious disease product (QIDP) 
qualifying pathogens: pathogens that have the highest unmet 
medical need” by the FDA *
 list of 21 microorganisms from both hospital and community

2. The GAIN act … (“Generating Antibiotic Incentive Now”) at the US 
House of Representatives *

– additional five years of exclusivity for those new antibiotics designated under the 
law as a “qualified infectious disease product,”  … in addition to any existing 
exclusivity, including that which may be applicable under Hatch-Waxman (five years or 
three years), orphan drug (seven years), or pediatric exclusivity (six months).

– Fast track and priority review status and expedited regulatory approval process
with FDA. 

– FDA-issued new guidance on the development of pathogen-focused antibiotics
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*Available from: http://www.gpo.gov/fdsys/pkg/BILLS-112hr2182ih/pdf/BILLS-112hr2182ih.pdf
See also: http://www.pewtrusts.org/en/research-and-analysis/issue-briefs/2013/11/07/gain-how-a-new-law-is-stimulating-the-development-of-antibiotics

http://www.gpo.gov/fdsys/pkg/BILLS-112hr2182ih/pdf/BILLS-112hr2182ih.pdf
http://www.pewtrusts.org/en/research-and-analysis/issue-briefs/2013/11/07/gain-how-a-new-law-is-stimulating-the-development-of-antibiotics
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2. The GAIN act … (“Generating Antibiotic Incentive Now”) at the US 
House of Representatives *

– additional five years of exclusivity for those new antibiotics designated under the 
law as a “qualified infectious disease product,”  … in addition to any existing 
exclusivity, including that which may be applicable under Hatch-Waxman (five years or 
three years), orphan drug (seven years), or pediatric exclusivity (six months).

– Fast track and priority review status and expedited regulatory approval process
with FDA. 

– FDA-issued new guidance on the development of pathogen-focused antibiotics
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http://www.gpo.gov/fdsys/pkg/BILLS-112hr2182ih/pdf/BILLS-112hr2182ih.pdf
http://www.pewtrusts.org/en/research-and-analysis/issue-briefs/2013/11/07/gain-how-a-new-law-is-stimulating-the-development-of-antibiotics


* http://www.phe.gov/about/barda/Pages/default.aspx
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1. Definition of the “Qualified infectious disease product (QIDP) 
qualifying pathogens: pathogens that have the highest unmet 
medical need” by the FDA *
 list of 21 microorganisms from both hospital and community

2. The GAIN act … (“Generating Antibiotic Incentive Now”) at the US 
House of Representatives *

– additional five years of exclusivity for those new antibiotics designated under the 
law as a “qualified infectious disease product,”  … in addition to any existing 
exclusivity, including that which may be applicable under Hatch-Waxman (five years or 
three years), orphan drug (seven years), or pediatric exclusivity (six months).

– Fast track and priority review status and expedited regulatory approval process
with FDA. 

– FDA-issued new guidance on the development of pathogen-focused antibiotics

3. The Biomedical Advanced Research and Development Authority 
(BARDA) activities *

– integrated, systematic approach to the development and purchase of the necessary 
vaccines, drugs, therapies, and diagnostic tools for public health medical 
emergencies
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http://www.phe.gov/about/barda/Pages/default.aspx
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http://www.phe.gov/about/barda/Pages/default.aspx
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A view from Europe

http://www.imi.europa.eu/
Last accessed: 26 May 2015

• €2 billions euro budget…  
• collaborative research projects and networks of industrial and academic experts…
• collaborative ecosystem for pharmaceutical research and development (R&D)…
• increase Europe's competitiveness globally…
• establish Europe as the most attractive place for pharmaceutical R&D

http://www.imi.europa.eu/
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And what about the EMA ? 

Circumstances in which only limited clinical data can be generated
• organisms with specific types and/or patterns of multi-resistance 

currently uncommon or rare
• few patients that can be enrolled in commonly sought indications.

Addendum to the note for guidance on evaluation of medicinal products indicated for the treatment of bacterial infections
(CPMP/EWP/558/95 Rev 2) to address indication-specific clinical data –

http://www.ema.europa.eu/ema/pages/includes/document/open_document.jsp?webContentId=WC500129443

http://www.ema.europa.eu/ema/pages/includes/document/open_document.jsp?webContentId=WC500129443
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And what about the EMA ? 

Circumstances in which only limited clinical data can be generated
• organisms with specific types and/or patterns of multi-resistance 

currently uncommon or rare
• few patients that can be enrolled in commonly sought indications.

Acceptable approaches
• strong prediction of efficacy in the intended use(s) from PK/PD analyses

• limit to one randomized and active controlled study in a specific type of 
infection where resistant organisms are frequent

• evidence of efficacy through non-controlled studies in situations where 
resistance is very problematic (retrospective comparison)

• use of flexible (adaptive) study design 

Addendum to the note for guidance on evaluation of medicinal products indicated for the treatment of bacterial infections
(CPMP/EWP/558/95 Rev 2) to address indication-specific clinical data –

http://www.ema.europa.eu/ema/pages/includes/document/open_document.jsp?webContentId=WC500129443

http://www.ema.europa.eu/ema/pages/includes/document/open_document.jsp?webContentId=WC500129443
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Early registering at EMA for efficacy …

• Registration: proposed new scheme
– Provisional registration at phase II level (solving the unmet 

medical need) 
– Continue evaluation through commercialization until reaching a 

number of patients equivalent to a phase III to get full registration

phase I phase II phase III

efficacy

safetyn ∼ 50 n ∼ 300 N ∼ 6000

preclinical
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What EMA has in store for drug developpers…

• A test agent expected or shown to be clinically active against 
multi-resistant Gram-negative pathogens could be indicated for 
studied infections without qualification by pathogen. 

• Details of the actual organisms treated would be reflected in the 
"Pharmacodynamic" section of the SmPC along with mention of the 
evidence supporting activity (specific multi-resistant organisms).

• A pathogen-specific indication is a possibility. 

• The label could include a restriction to use when other commonly 
used agents are not suitable for the individual patient.

Addendum to the note for guidance on evaluation of medicinal products indicated for the treatment of bacterial infections
(CPMP/EWP/558/95 Rev 2) to address indication-specific clinical data –

http://www.ema.europa.eu/ema/pages/includes/document/open_document.jsp?webContentId=WC500129443

http://www.ema.europa.eu/ema/pages/includes/document/open_document.jsp?webContentId=WC500129443
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As a result…
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As a result…
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As a result…

1. ceftazidime-avibactam
2. ceftozolane-

tazobactam
3. ceftobiprole
4. oritavancin
5. tedizolid
6. dalbavancin
7. meropenem-RPX7009
8. eravacycline
9. plazomycin
10. delafoxacin
11. solithromycin



What shall I focus on ?

Drugs that are registered in Europe (* or will be soon) …
a) Lipoglycopeptides (from vancomycin)

– telavancin (old but renewed…)
– dalbavancin
– oritavancin

b) Oxazolidinones (from linezolid)
– tedizolid

c) cephalosporines anti-MRSA (from ceftazidime)
– ceftaroline
– ceftobiprole

d) Ketolides (from telithromycine)
– solithromycin *

e) cephalosporins x β-lactamase inhibitors
– ceftozolane x tazobactam
– ceftzidime x avibactam *
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anti Gram (+)

anti Gram (-)



New anti Gram-positive antibiotics recently approved in EU
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company drug class indications MRSA MDRSP VRE

Theravance Telavancin lipoglyco-
peptide

cSSSI / 
HABP/VABP   VanB

only

Durata Ther. Dalbavancin lipoglyco-
peptide ABSSSI   VanB

only

The MedCo Oritavancin lipoglyco-
peptide ABSSSI   

MSD Tedizolid oxazolidinone ABSSSI   
Forrest

Astra-Zeneca Ceftaroline β-lactam ABSSSI / CABP   

Basilea Ceftobiprole* β-lactam CAP / HAP   

* licensed in 13  countries:  AT, BE, CH, DE, DK, ES, FI, FR, IT, LU, NO, SE, UK; 
reimbursement and pricing authorization ongoing in most of them

21



• very
prolonged 
half-life

• membrane 
anchoring

(bactericidal)

dimerization
 increased

activity

Lipoglycopeptides
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prolonged 
half-life

• moderate
half-life

• membrane 
anchoring

(bactericidal)
Van Bambeke, 

Cur. Op. Pharmacol. 
2004, 4:471–478

22

very 
prolonged 
half-life



Lipoglycopeptides: dual mode of action
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Van Bambeke et al, TIPS 2008, 29:124-134

• highly bactericidal
• activity on VR strains
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Lipoglycopeptides: microbiology (median MICs)

26/11/2015 St-Luc - Soins Intensifs

organism VAN TEC TLV DAL ORI

MSSA 1 0.5 0.06 0.06 0.0.3

MRSA 1 1.0 0.12 0.06 0.03

E. faecalis 2 0.5 0.25 0.03 0.015

24

very low MICs

http://www.eucast.org

http://www.eucast.org/


Lipoglycopeptides: EUCAST MIC distributions
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1. Telavancin (determination in the presence of polysorbate)

E. faecium MIC 
distribution is bimodal 
(0.015 and 1 mg/L !)

EU Bkpt

no EU Bkpt set

http://www.eucast.org

http://www.eucast.org/


Lipoglycopeptides: EUCAST MIC distributions
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2. Dalbavancin

E. faecium MIC 
distribution is bimodal 
(0.06 and  16 mg/L !)

EU Bkpt

no EU Bkpt set

http://www.eucast.org

http://www.eucast.org/


Lipoglycopeptides: EUCAST MIC distributions
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3. Oritavancin

E. faecium MIC 
distribution is 

monomodal but 
spread up to 0.25 

mg/L)

EU Bkpt
no EU Bkpt set

http://www.eucast.org

http://www.eucast.org/


Lipoglycopeptides: pharmacokinetics
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parameter VAN TEC TLV DAL ORI

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

Cmax

(mg/L)
20-50 43 93 287 138

AUC
(mg.h/L) 260 600 668 3185 (24h)

23443 (tot)
1110 (24h)
2800 (tot)

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

T ½ (h)
1 (β)

3-9 (γ)
10 (β)
168 (γ)

8 346 (γ)
14 (β)
245 (γ)

twice daily once-a-week

28

once dailyevery 2 days once !



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.



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.

oritavancin vancomycin



European indications and dosages of new lipoglycopeptides

• Telavancin 1

– adults with nosocomial pneumonia (NP) including VAP, known or 
suspected to be caused by methicillin-resistant Staphylococcus aureus 
(MRSA).  Only in situations where it is known or suspected that other 
alternatives are not suitable

– 10 mg/kg once daily (7 to 21 days) and 7.5 mg/kg if CrCl 30-50.

• Oritavancin 2

– acute bacterial skin and skin structure infections (ABSSSI) in adults
– 1200 mg single dose by intravenous infusion over 3 hours (no dosage 

adaptation for age, kidney or hepatic dysfunction)

• Dalbavancin 3

– acute bacterial skin and skin structure infections (ABSSSI) in adults
– 1000 mg once-weekly followed one week later by 500 mg (750/375 mg if 

CrCl < 30 ml/min; no impact of haemodialysis)
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1 http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/001240/WC500115364.pdf
2 http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003785/WC500186343.pdf
3 http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002840/WC500183869.pdf

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/001240/WC500115364.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003785/WC500186343.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002840/WC500183869.pdf


Pros and cons of the new lipoglycopeptides ?

Pros
– Patient with MRSA or Enterococcus faecalis with reduced 

susceptibility to vancomycin 
(MIC ≥ 2 mg/L [MRSA] or ≥ 4 mg/L [Enterococci])
 documented therapy)

– Preference for once daily (telavancin), once a week (dalbavancin), 
or once (oritavancin) vs twice daily (vancomycin)

– No need (or provision) for monitoring (so far…)

Cons
– Limited indications (at present)
– Insufficient knowledge about toxicity risks
– Price (but low clinical burden than vancomycin)
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Oxazolidinones:
the successor of linezolid ?
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Tedizolid
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Dong-A pharmaceuticals and tedizolid: step #1

Replacing the morpholinyl by 
a pyridinyl and adding a
methyl-tetrazolyl moiety

• increases activity
• prolong half-life
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Tedizolid has more interactions with the ribosome…

tedizolid
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Tedizolid is 
systematically 
3-4-x more active 
than linezolid 
against LSDS strains

potential 
role of the 
tetrazolyl 

moiety
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Lemaire et al. JAC 2009; 64:1035–1043
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And even for S. aureus of different epidemiological origin… 
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Dong-A pharmaceuticals and tedizolid: step #2

O

N
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2. replacing the 
acetamido by 
an hydroxyl 
maintains the 
increased 
activity vs.
linezolid !
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Oxazolidinones: 1st mechanism of resistance

full to 16
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Activity against Cfr+ resistant strains … (cfr+ bacteria)

Locke et al. AAC 2010;54:5337-5343
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Why is tedizolid active 
against LZDR strains (cfr) ?
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Oxazolidinones: 2d mechanism of resistance

But the MIC may exceed 
the EUCAST breakpoint !
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Tedizolid and ribosomal mutations

Locke et al. AAC 2010;54:5337-5343
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Tedizolid vs Linezolid human pharmacokinetics: 
oral doses (200 mg TR-701 q24h vs 600 mg linezolid q12h for 21 days.

Tedizolid :
• mean t1/2 > 2 x greater than linezolid
• longer initial presence at a 

concentration > the EU breakpoint
Muñoz et al.  ECCMID 2010 P1594

This allows 
for a once-a-day 

dosing

EUCAST Bkpt EUCAST Bkpt



Tedizolid: a fast development…
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JAMA. 2013;309(6):559-569

Design, Setting, and Patients:
• Efficacy and Safety of 

• 6-day Oral Tedizolid (200 mg once-
daily) vs

• 10-day Oral Linezolid Therapy (600 
mg twice daily)

• Intent-to-treat analysis from 667 adults 
(tedizolid: n=332; linezolid: n=335).



Tedizolid: a fast development…
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JAMA. 2013;309(6):559-569



Tedizolid: a fast development…
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JAMA. 2013;309(6):559-569



European indications and dosages for tedizolid 1

– acute bacterial skin and skin structure infections (ABSSSI) in adults (see 
sections 4.4 and 5.1)

– 200 mg once daily for 6 days (no adjustment for elderly, renal or hepatic 
insufficiency) IV or oral
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1 http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002846/WC500184802.pdf

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002846/WC500184802.pdf


Pros and cons of tedizolid vs linezolid

Pros
– Once daily dosing
– IV to oral switch totally effective and easy 
– No serotoninergic syndrome (prodrug [tedizolid phosphate])
– no toxicity risk in renal insufficiency
– efficacious in 6 days (lower toxicity risk …)

Cons
– Limited indications (at present)
– Insufficient knowledge about toxicity risks (> 6 days)
– Price (but low clinical burden than vancomycin)
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Ceftaroline - Ceftobiprole
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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/


Ceftaroline and ceftobiprole
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Otero et al, PNAS (2013) 110:16808–13

Resistance to
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Ceftaroline and S. aureus in Belgium 
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MSSA (n = 83)
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S.aureus MIC distributions

MRSA (n = 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 breakpoints
• ceftaroline: > 1 mg/L
• vancomycin: > 2 mg/L
• linezolid: > 4 mg/L
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Ceftaroline and S. pneumoniae in Belgium
S. pneumoniae (all; n = 136)
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*  isolates collected between 2009 and 2012 
obtained from patients with confirmed cases 
of CAP (clinical and radiological criteria) and 
seen at the Emergency Departement of 4 
hospitals (1 in East-Flanders, 1 in North 
Brussels, 1 in South-East Brussels, 1 in 
Hainaut)

N.B. the high MICs of amoxicillin in this 
collection (with 11 % of the strains for which 
the MIC of amoxicillin is > 2 mg/L) is largely 
driven by recent isolates from patients who 
had suffered from episodes of COPD before 
having contracted a CAP.

*

Tulkens et al. 26th ICC, 2013 and unpublished



Ceftaroline and ceftobiprole: indications and dosages
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• Ceftaroline 1

– adults with complicated skin and soft tissue infections (cSSTI) or  
community-acquired pneumonia (CAP)

– 600 mg q12 h by infusion over 60 min (cSSTI: 5 to 14 days; CAP: 5 to 7 
days
Reduced dosages based on CrCl (ml/min): > 30 to ≤ 50: 400 mg, 15 to ≤ 30: 
300 mg, End-stage renal disease and haemodialysis: 200 mg 

• Ceftobiprole 2

– Hospital-acquired pneumonia (HAP), excluding ventilator-associated 
pneumonia (VAP) or community-acquired pneumonia (CAP)

– 500 mg q8h by infusion over 2 h
Reduced dosages based on CrCl (mL/min): 30 to < 50: 500 mg q12H, < 30:  
250 mg q12h, End stage renal disease and haemodialysis: 250 mg q24h
Patients with CCl > 150 mL/min: 500 mg infused over 4h

1 http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/002252/WC500132588.pdf (EU SmpC) 
2 https://www.medicines.org.uk/emc/medicine/29764 (decentralized registration procedure with UK as reference country).

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/002252/WC500132588.pdf
https://www.medicines.org.uk/emc/medicine/29764


Pros and cons of the new lipoglycopeptides ?

Pros
– Patient with MRSA with reduced susceptibility to vancomycin  
 EUCAST breakpoints: 1 (ceftaroline) and 2 (ceftobiprole) mg/L
!!! check the indications or use off label !!!

– Mixed infections: may cover Enterobacteriaceae (but susceptible 
to ESBLs !)
 EUCAST breakpoints: 0.5 (ceftaroline) – 0.25 (ceftobiprole) mg/L

– CAP in case of reduced susceptibility to amoxicillin/ceftriaxone 

Cons
– Infusion only (no oral switch possible)
– Limited indications (at present)
– Insufficient knowledge about toxicity risks
– Price (but low clinical burden than vancomycin)
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From telithromycin to solithromycin
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Modified from Van Bambeke, Ann. Med (2014) 46:512-29
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telithromycin : structure-toxicity relationship
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Adapted from Bertrand et al, AAC (2010) 54:5399-42
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Solithromycin: first analysis of susceptibility  of 
European S. pneumoniae (semi-random collection)
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Isolates
MIC (mg/L)

SOL PEN AMX CRO MXF LVX CPT

A. all isolates (n) 423 426 426 418 425 424 425

MIC
(mg/L)

min 0.0018 0.0002 0.0039 0.0039 0.0039 0.0078 0.0005

geom. mean 0.0229 0.0481 0.0726 0.0609 0.2279 1.4470 0.0252

90% 0.062 2 2 1 2 8 0.25

max 1 64 64 8 128 128 8

B. NS or R a isolates (n) 116 b 80 b 60 b 65 b 57 b 19 b

MIC
(mg/L)

geom. mean 0.0434 c 1.1542 2.5713 1.3360 3.7123 15.615 0.9642

90% 0.25 c 4 8 2 16 32 2

correlation d alpha e 0.19 0.06 0.01 0.31 0.33 -0.54

R2 f 0.03 0.002 0.00019 0.1 0.05 0.092

prob. > F g 0.04 0.68 0.97 0.008 0.070 0.207

a MIC (mg/L) above EUCAST S breakpoint (PEN > 0.06; AMX > 0.5; CRO > 0.5; MXF > 0.5; LVX > 2; CPT > 0.25; see 
http://www.eucast.org; not breakpoint set yet for solithromycin

b isolates with NS or R phenotype to the corresponding antibiotic
c for strains with a NS or R phenotype to PEN 
d correlations SOL (y) vs. each other antibiotic (x)
e from equation: SOL MIC = alpha x (comparator MIC) + b
f coefficient of determination
g p-value for "Lack of Fit" test. 

SOL: solithromycin
PEN: penicillin G
AMX: amoxicillin
CRO ceftriaxone
MXF: moxifloxacin
LVX: levofloxacin
CPT: ceftaroline

Tulkens et al. ICCAC 2013 – Poster A1021



Solithromycin: second analysis of susceptibility  of 
European S. pneumoniae 

(collection enriched in strains with expected resistance to 
commonly used antistreptococcal antibiotics) 
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mg/L a

SOL TEL CLR AZM AMX CRO CPT LVX MXF

MIC50 0.0156 0.0156 0.0625 0.125 0.0312 0.0312 0.0156 1 0.125

MIC90 0.0625 0.125 64 64 2 1 0.25 16 4

Susceptible / Resistant (%) b

S 95.8 % 66.6 % 53.5 % 82.0% 86.3% 95.8% 88.4% 87.0%

R 2.9% 29.8% 35.4% 5.0% 0.8% 4.2% 11.6% 13.0%

a   SOL: solithromycin; TEL: telithromycin, CLR: clarithromycin; AZM: azithromycin; AMX: amoxicillin; CRO: ceftriaxone; CPT: 
ceftaroline; LVX: levofloxacin; MXF: moxifloxacin

b EUCAST interpretive criteria (2014). 

The elevated resistance levels for LVX and MXF were driven from the Belgian RTI (10.3 and 14.1%) and COPD (8.4 
and 13.3%), and the German IPI (53.5 and 58.1%) collections vs only 3.0 and 0.6% for the Belgian CAP collection.

Tulkens et al. ECCMD 2015 – e-poster EV0153



Solithromycin: completed clinical trials
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Study number & 
development 

Phase
Drugs and doses Study title Status 

NCT01966055; 
Phase I

Solithromycin; dose not specified Pharmacokinetics and Safety of 
Solithromycin Capsules in Adolescents

Completed (2014)

NCT01168713; 
Phase II

Oral solithromycin (800 mg QD day 1; 
400 mg QD days 2-5) ; comparator: oral 
levofloxacin (750 mg QD days 1-5)

Efficacy and Safety Study of Oral CEM-
101 Compared to Oral Levofloxacin in 
Treatment of Patients With Community-
Acquired Bacterial Pneumonia

Completed (2011)

NCT01591447; 
Phase II

Single dose solithromycin 1000 mg by 
oral route

Safety and Efficacy Study of Single-Dose 
Oral CEM-101 in Patients With 
Uncomplicated Urogenital Gonorrhea

Completed (2013)

NCT01968733; 
Phase III

Solithromycin (intravenous with the 
potential step-down to oral); 
comparator: moxifloxacin (intravenous 
with the potential step-down to oral); 
doses not specified

Efficacy and Safety Study of Intravenous 
to Oral Solithromycin (CEM-101) 
Compared to Intravenous to Oral 
Moxifloxacin in Treatment of Patients 
With Community-Acquired Bacterial 
Pneumonia (SOLITAIRE-IV)

Completed (2015)

NCT01756339; 
Phase III

Solithromycin (800 mg orally on day 1 
followed by 400 mg daily on days 2 
through 5, followed by placebo on days 
6 and 7); 
comparator: moxifloxacin (400 mg 
orally on Day 1 to 7)

Efficacy and Safety Study of Oral 
Solithromycin (CEM-101) Compared to 
Oral Moxifloxacin in Treatment of 
Patients With Community-Acquired 
Bacterial Pneumonia (SOLITAIRE-ORAL)

Completed (2014)



Pros and cons of solithromycin

Pros
– restores the position of macrolides / ketolides as potential first line 

monotherapy in respiratory tract infections
(incl. activity against agents causing both typical and atypical 
pneumonia)

– as effective as moxifloxacin with potentially less toxicity risks
– both IV and oral forms and pediatric formulation (in development)
– active against Gonococci and a series of bioterrorism isolates 1

Cons
– not yet available and will be registered with limited indications 

(at present)
– Insufficient knowledge about toxicity risks
– price (not yet defined) 
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1 http://www.phe.gov/Preparedness/news/Pages/broad-spectrum-June2013.aspx

http://www.phe.gov/Preparedness/news/Pages/broad-spectrum-June2013.aspx


What shall I focus on ?

Drugs that are registered in Europe (* or will be soon) …
a) Lipoglycopeptides (from vancomycin)

– telavancin (old but renewed…)
– dalbavancin
– oritavancin

b) Oxazolidinones (from linezolid)
– tedizolid

c) cephalosporines anti-MRSA (from ceftazidime)
– ceftaroline
– ceftobiprole

d) Ketolides (from telithromycine)
– solithromycin *

e) cephalosporins x β-lactamase inhibitors
– ceftozolane x tazobactam
– ceftzidime x avibactam *
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anti Gram (+)

anti Gram (-)



ceftolozane: the origins…
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enhanced activity against Gram-negative bacilli

stability against 
β-lactamases

increased antipseudomonal activity
and less susceptibility to AmpC
and lower risk of convulsions

antipseudomonal activity
(but lost if AmpC β-lactamase overproduction) 

increased antipseudomonal activity
and less susceptibility to AmpC β-lactamase
BUT risk of convulsions

Zhanel et al. Drugs. 2014;74:31-51 - PMID: 24352909. 
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ceftozolane
tazobactam

this will be an 
antibiotic for 
documented 

therapy

Zhanel et al. Drugs. 2014;74:31-51 -
PMID: 24352909. 



Ceftozolane-tazobactam US indications and dosages

• Adults with the following infections caused by designated susceptible 
microorganisms:

– Complicated Intra-abdominal Infections (with metronidazole):
Enterobacter cloacae, Escherichia coli, Klebsiella oxytoca, Klebsiella pneumoniae, 

Proteus mirabilis, Pseudomonas aeruginosa, Bacteroides fragilis, Streptococcus 
anginosus, Streptococcus constellatus, and Streptococcus salivarius.

– Complicated Urinary Tract Infections, including Pyelonephritis: 
Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, and Pseudomonas 
aeruginosa.

• 1.5 g (1 g + 0.5 g) q8h infused over 1 h

Reduced doses for CrCl (ml/min): 30 to 50: 750 mg (500+250), 15 to 29: 375 mg 
(250+125 mg), End-stage renal disease (ESRD) on hemodialysis (HD): single 
loading dose 750 mg (500+/250) and 150 mg (100+50) q8h, hemodialysis days: 
dose after completion of dialysis 
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Ceftozolane-tazobactam EU indications and dosages

• Complicated intra-abdominal infections, acute pyelonephritis,  
Complicated urinary tract infections

• 1.5 g (1 g + 0.5 g) q8h infused over 1 h

Reduced doses for CrCl (ml/min): 30 to 50: 750 mg (500+250), 15 to 29: 375 mg 
(250+125 mg), End-stage renal disease (ESRD) on hemodialysis (HD): single 
loading dose 750 mg (500+/250) and 150 mg (100+50) q8h, hemodialysis days: 
dose after completion of dialysis 
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Ceftazidime - avibactam
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Zhanel et al. Drugs. 2013;73:159-77 -- PMID: 23371303.
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Zhanel et al. Drugs. 
2013;73:159-77 --
PMID: 23371303.

potentially 
very useful if 
documented



Ceftazidime-avibactam in cystic fibrosis (P. aeruginosa)
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Avibactam is active against most Ambler class A (including 
ESBLs and Klebsiella pneumoniae carbapenemases), 
class C and class D β-lactamases (serine enzymes)
.
It is NOT active against class B (metallo-enzyme)



Ceftazidime-avibactam in cystic fibrosis (P. aeruginosa)
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Avibactam is active against most Ambler class A (including 
ESBLs and Klebsiella pneumoniae carbapenemases), 
class C and class D β-lactamases (serine enzymes)
.
It is NOT active against class B (metallo-enzyme)



Cefazidime-avibactam US indications and dosages

Indications
• Complicated Intra-Abdominal Infections (cIAI) in combination with metronidazole for the 

following susceptible microorganisms: 
Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Providencia stuartii, Enterobacter 
cloacae, Klebsiella oxytoca, and Pseudomonas aeruginosa

• Complicated Urinary Tract Infections (cUTI), including Pyelonephritis for the following 
susceptible microorganisms: 
Escherichia coli, Klebsiella pneumoniae, Citrobacter koseri, Enterobacter aerogenes, 
Enterobacter cloacae, Citrobacter freundii, Proteus spp., and Pseudomonas aeruginosa

As only limited clinical safety and efficacy data for AVYCAZ are currently available, reserve 
AVYCAZ for use in patients who have limited or no alternative treatment options

Dosage:  2.5 g (2+0.5) q8h infused over 2 h

Reduced dosages for CrCl (ml/min): 31 to 50: 1.25 g (1 + 0.25) q8h, 16 to 30: 0.94 g (0.75+0.19) q12h, 6 
to 15: 0.94 g (0.75+0.19) q24 h, ≤ 5: 0.94 g (0.75+0.19)  q48 h
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Pros and cons of the new cephalosporins-β-lactamase inhibitor 
combinations

Pros
– May help to (transiently ?) tackle with β-lactamase-related 

resistance in Gram-negative bacteria
– Safety profile and clinical uses are well known for ceftazidime and 

for tazobactam

Cons
– you need to call your microbiologist (and trust her/him)
– the safety profiles of ceftozolane and of avibactam are still 

uncertain (lack of clinical experience [fast approval])
– Price (but these may be the only options beyond colistin…)
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Antibiotic pipeline: did you change your mind ?
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• Large number of molecules in clinical development
… much more in preclinical development

• More advanced molecules (Phase III) are new derivatives 
in existing classes with improved properties
(MIC – resistance – PK- safety)



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



Non-inferiority vs superiority trials ?
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NON-INFERIORITY if NO evidence of spontaneous resolution rate 
(more effective than placebo)
Indications (and delta):
• Community-acquired pneumonia (-10%; more in PORT scores of IV-V)
• Hospital-acquired pneumonia and ventilator-associated pneumonia (less than ≤ -12.5%)
• Skin and soft tissue infections (-10%)
• Intra-abdominal infections (-12.5%)
• Urinary tract infections (-10 %)

SUPERIORITY  if spontaneous resolution (placebo effective)
• Acute bacterial maxillary sinusitis 
• Acute bacterial exacerbations of chronic bronchitis 
• Acute otitis media 
• Superficial skin infections (such as impetigo and minor wounds)
• Inhaled antibacterial agents (excl. CF)

LIMITED TRIALS
• Rare MDR organisms
• Few patients

EMA/CHMP/351889/2013 

DRUG/comparator
trial

Placebo/
DRUG/comparator

trial

DRUG 
non comparative

trial



Non-inferiority vs superiority trials ?
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But are you ready to pay ?

• Three simple figures:

– the new antibiotics mentioned in this lecture will cost anywhere 
between 600 and 3000 € / treatment ….

– new anti-hepatitis C drugs will cost around 30000 € / treatment

– anticancer drugs may cost much more … (10000 to 50000/QALY) 
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We must reinvent the economy of the antibiotics: 
How finding and developing them …

without selling them (too much)

please, give ideas…
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What about the future ?


	The new antibiotics: �useful improvement of our current armamentarium ... �and can we pay for them?"
	Disclosures and slides availability
	New antibiotics: what is your own view of the pipeline ?
	New antibiotics: where are we ?
	New antibiotics: where are we ?
	Why do see that in the US ?
	Why do see that in the US ?
	Why do see that in the US ?
	Why do see that in the US ?
	Why do see that in the US ?
	Why do see that in the US ?
	A view from Europe
	And what about the EMA ? 
	And what about the EMA ? 
	Early registering at EMA for efficacy …
	What EMA has in store for drug developpers…
	As a result…
	As a result…
	As a result…
	What shall I focus on ?
	New anti Gram-positive antibiotics recently approved in EU
	Lipoglycopeptides
	Lipoglycopeptides: dual mode of action
	Lipoglycopeptides: microbiology (median MICs)
	Lipoglycopeptides: EUCAST MIC distributions
	Lipoglycopeptides: EUCAST MIC distributions
	Lipoglycopeptides: EUCAST MIC distributions
	Lipoglycopeptides: pharmacokinetics
	Oritavancin: a unusual development …
	Oritavancin: a unusual development …
	Oritavancin: a unusual development …
	Oritavancin: a unusual development …
	Oritavancin: a unusual development …
	European indications and dosages of new lipoglycopeptides
	Pros and cons of the new lipoglycopeptides ? 
	Oxazolidinones:�the successor of linezolid ?
	Tedizolid
	Dong-A pharmaceuticals and tedizolid: step #1
	Tedizolid has more interactions with the ribosome…
	Tedizolid is systematically �3-4-x more active than linezolid against LSDS strains
	And even for S. aureus of different epidemiological origin… 
	Dong-A pharmaceuticals and tedizolid: step #2
	Oxazolidinones: 1st mechanism of resistance
	Activity against Cfr+ resistant strains … (cfr+ bacteria)
	Why is tedizolid active against LZDR strains (cfr) ?
	Why is tedizolid active against LZDR strains (cfr) ?
	Oxazolidinones: 2d mechanism of resistance
	Tedizolid and ribosomal mutations
	Tedizolid vs Linezolid human pharmacokinetics: �oral doses (200 mg TR-701 q24h vs 600 mg linezolid q12h for 21 days.
	Tedizolid: a fast development…
	Tedizolid: a fast development…
	Tedizolid: a fast development…
	European indications and dosages for tedizolid 1
	Pros and cons of tedizolid vs linezolid 
	Ceftaroline - Ceftobiprole
	Ceftaroline and ceftobiprole
	Ceftaroline and S. aureus in Belgium 
	Ceftaroline and S. pneumoniae in Belgium
	Ceftaroline and ceftobiprole: indications and dosages
	Pros and cons of the new lipoglycopeptides ? 
	From telithromycin to solithromycin
	telithromycin : structure-toxicity relationship
	Solithromycin: first analysis of susceptibility  of European S. pneumoniae (semi-random collection)
	Solithromycin: second analysis of susceptibility  of �European S. pneumoniae �(collection enriched in strains with expected resistance to commonly used antistreptococcal antibiotics) 
	Solithromycin: completed clinical trials
	Pros and cons of solithromycin 
	What shall I focus on ?
	ceftolozane: the origins…
	ceftozolane tazobactam
	Ceftozolane-tazobactam US indications and dosages
	Ceftozolane-tazobactam EU indications and dosages
	Ceftazidime - avibactam
	Slide Number 73
	Ceftazidime-avibactam in cystic fibrosis (P. aeruginosa)
	Ceftazidime-avibactam in cystic fibrosis (P. aeruginosa)
	Cefazidime-avibactam US indications and dosages
	Pros and cons of the new cephalosporins--lactamase inhibitor combinations
	Antibiotic pipeline: did you change your mind ?
	Antibiotic pipeline: can we do better ?
	Non-inferiority vs superiority trials ?
	Non-inferiority vs superiority trials ?
	But are you ready to pay ?
	What about the future ?


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



