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What its all about ?

 Discovery of really novel antibiotic (new mode of 
action) is difficult due to the limited number of 
useful targets.

 In the past, several antibiotics of various classes 
were left undeveloped because of the success of 
blockbusters.

 Several “old antibiotics” are active against strains 
that have now become resistant to blockbusters.

 Revisiting these old molecules and tailoring them 
for use in specific situations of resistance may be 
much rewarding (“bacteria-personalized drugs...”) 
and help sparing the other ones.
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The antibiotic crisis *

* A pictorial view using 4 paintings of Van Gogh (who stayed 
briefly in Belgium when moving from Holland to France) and 
with selected Belgian and International data…
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Are antibiotics following a path to madness ?

discovery in soil bacteria and fungi

1928 - …
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Are antibiotics following a path to madness ?

and then we all saw the 
blooming tree of semi- 
synthetic and totally synthetic 
antibiotics

1950 – 1980 …
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Are antibiotics following a path to madness ?

and the US General Surgeon 
told us that the fight was over 

1970 …
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Are antibiotics following a path to madness ?

ButBut……
2012 …
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Extent of resistance of P. aeruginosa 
(International data – EUCAST breakpoints)

Mesaros et al. CMI, (2007) 13: 560–578 
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The hidden risk of therapy (at the corner of your street …)
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Question #1: are you effective ?

Message #1: many 
patients receive 

ineffective antibiotics
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Question #2: do 
you remain 
effective while 
treating ?
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- D0: initial isolate 
DL: last isolate obtained

- individual values with geometric 
mean (95 % CI)

- S (lowest line) and R (highest 
line) EUCAST breakpoints

* p < 0.05 by paired t-test (two- 
tailed) and Wilcoxon non- 
parametric test 

a p < 0.05 by Wilcoxon non- 
parametric test only

Note: stratification by time 
between D0 and DL gave no 
clue (too low numbers)

Message #2: for 
all antibiotics,  we 

see global 
increases of MIC 
during treatment
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Question #3: Can you still treat patients ?

• In North-America / Western Europe", we may still work 
with available antibiotics but we are reaching the limit…

A well known Belgian politician…

• heart attack during his holidays (in Europe) …
• transfer to hospital Intensive Care Unit
• nosocomial pneumonia …
• dying a few days later (multi-resistant organism) 

• The situation becomes hopeless in several other 
countries for hospitals (Russia, Vietnam, …) and, for 
some countries, even in the community…
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Resistance IS a problem …

• The choices of effective therapies is narrowing dangerously for several 
important pathogens

• Good faith people try acting by 
– Rationalizing the choice among the remaining ones

– Optimizing those "remaining antibiotics

– decreasing the inappropriate use of antibiotics whenever possible and improving 
hygiene with close follow-up of the epidemiology
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The problem is the lack of new compounds… 

The drying pipeline ?

research

results
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So, what are the hurdles for new compounds ?

• Discovery:
– Remains (very) difficult especially for Gram-negative…

• Clinical development: 
– Remains costly (especially for new chemical entities) and will 

probably command (intially) a smaller market

• Registration of new compounds:
– Provisional registration of really innovative compounds (at phase 

II level) may, in the future, be warranted … if solving unmet 
medical needs

– Safety issues will remain of paramount importance but should 
not deter honest efforts (no drug is harmless !)
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Why are Gram-negative so difficult ?

1.  drug 
penetration 
requires 
porins

3.  the drug 
must avoid  
degradation

4.  the drug 
must bind to 
its target

2.  the drug 
must avoid 
efflux

5.  the drug must 
not harm 
eucaryotic cells
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Amphiphilic aminoglycosides: 
an example of "dead" end ? 
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Amphiphilic aminoglycosides: derivatives from neamine
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Amphiphilic aminoglycosides 
(methylnaphthyl neamine derivatives)

Baussane et al. J. Med. Chem. 2010; 53:119–127
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Amphiphilic aminoglycosides 
(methylnaphthylderivatives) 

Ouberai et al. Biochimica et Biophysica Acta 1808 (2011) 1716–1727
Zimmerman et al. Journal of Medicinal Chemistry (2013) 56:7691-7705

• no significant inhibition of bacterial protein synthesis at 10 x the MIC

• decreased cell thickness decreased by 50% (Atomic Force microscopy) 
suggestive of intra-bacterial content leakage

• depolarization of bacterial membrane (DiSC3 (5) probe)

• binding to LPS (displacement of BODIPY-TRcadaverine)

• permabilization of liposomes mimicking P. aeruginosa membranes 
(POPE:POPG:CL; 60:21:11) (calcein release)

BUT …

• cytotoxicity to eucaryotic cells at 2 to 10 x the MIC !
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Amphiphilic aminoglycosides 
(lipid derivatives of tobramycin)
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Amphiphilic aminoglycosides 
(lipid derivatives of tobramycin)

Dhondikubeer et al. Journal of Antibiotics (Tokyo) (2012) 2012 Oct;65(10):495-8. 

• MICs are between 4 (Staphylococci, Enterococci…) and 256 (Acinetobacter) 
 preferential anti-Gram + spectrum

• amphiphilicity is critical for antibacterial activity

• the pentacationic tobramycin-based headgroup appears to be optimal 
(vs. kanamycin, e.g.)

• MICs are increased (4 to 8 x)  by addition of 4% albumin (binding)

BUT

• concentration-dependent hemolytic activity (37% at 100 mg/L) 
[can be reduced by replacement of the lipid tail by a fluorinated lipid tail (C2 H4 C8 F17 ) 
but is still 27 % at 500 mg/L]
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So, what are the hurdles ?

• Discovery !
– More efforts must be made with both public and private funding

Today, several new 
antibiotic programs 
are financed by the 

US DOD …

But NIH (and EU…) programs are catching up…
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Why using "old" antibiotics ?

• Clinical development !
– Preclinical data are well known
– Phases I and phase II are reasonable fast
– The major weakness remains is in phase III

• Currently, phase III studies are "controlled" (i.e. with a comparator) 
as per Regulatory Authorities requests…

• Almost all antibiotic therapies are still initiated empirically (i.e. 
without documentation of the causative organism)

• For ethical reasons, the comparator must be active

• Therefore, most if not all studies follow a "non-inferiority" design 
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An example of success with daptomycin…

• Original molecule with a novel mode of action !

• very bactericidal (membrane 
destabilization; no need of 
proteinaceous receptor !) and 
potent (MIC S. aureus = 0.5mg/L) 

• spare eucaryotic cells because 
they lack phosphatidylglycerol 
(critical for binding to Gram(+) 
membranes 
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Daptomycin: historical landmarks….

1987 1997

Taking over by CUBIST
or "pharmacodynamics in action ….."

Once-daily dosing in dogs optimizes daptomycin 
safety. 
Oleson et al, 2000, AAC. 44:2948-53.

Daptomycin dose-effect relationship 
against resistant gram-positive organisms. 
Cha et al, 2003, AAC 47:1598-603 

Discovery of daptomycin 
as a novel anti-Gram + lipopeptide
In vitro and in vivo activity of LY 146032, a new cyclic lipopeptide antibiotic. 
Eliopoulos et al, 1986 Antimicrob. Agents Chemother. 30, 532-5

1993

Development halted
- lack of efficacy 
- toxicity

“Lilly was not satisfied with the overall clinical results 
observed with the twice-daily dosing regimen 
utilized in these studies”

2003-2006

Approval at 4 mg/kg (skin) 
and 6 mg/kg (bacteremia, 
endocarditis) by FDA and 

EMA

2009- …

• large success in the US
• problematic 

commercialization 
elsewhere
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Temocillin and efflux

Strain Origin Description

MIC (mg/L)

temocillin ticarcillin

- PAβN + PAβN - PAβN + PAβN

PAO1 ATCC 1024 64 32 16

68 clin 512 64 32 16

168B clin 256 32 16 16

PAO1 
mexAB eng. PAO1 (mexAB::FRT) 4 2 2 1

PAO 200 eng. PAO1 (mexAB-oprM) 4 0.5 2 0.5

PAO 280 eng. PAO1 (mexAB-oprM, 
mexXY::FRT) 2 0.25 2 1

Buyck et al. Journal of Antimicrobial Chemotherapy (2012) 67:771-775
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Fusidic acid…

Fusidic acid is bacteriostatic but may be bactericidal at high 
concentrations.
Although fusidic acid has been used in many countries for years,
it has never been approved in the US so far. In view of the 
mounting epidemic of community-acquired MRSA, a clinical 
development of fusidic acid in the US is presently under way.

Falagas ME, Grammatikos AP, Michalopoulos A. Potential of old- 
generation antibiotics to address current need for new antibiotics. 
Expert Rev Anti Infect Ther. 2008; 6(5):593-600 
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Colistin: History

• Isolated in Japan in 1949 from Bacillus polymyxa var. colistinus 
and indentified as polymyxin E 
(discovered in 1947 among polymyxins A to E).  

• Differs from polymyxin B by only one aminoacid (D-Phe replaced 
by D-Leu)

• Exists under at least 2 components (E1 and E2, also called colistin 
A and colistin B) differ ring by the length of the fatty acid chain

• Supplied as the 

– methylsulfonate derivative (often called methane sulfonate 
and also known as colistimethate sodium), which is a 
prodrug

– sulfate (colistine sulfate)
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Colistin Microbiology: morphological aspects

Koike et al. J. Bacteriol. 1969; 97:448-452
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A recent prospective clinical study

colistimethate: 6–9 MU (million units) divided in 3 doses/day (if hemodialysis: 1–2 
MU twice daily) if Gram (-) carbapenem resistant vs. beta-lactams (if susceptible)
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Solving the problem of "uninteresting phase III studies" ? 

• Address a real problem … and look for the correct target (the bacteria)
– Look for infections caused by multi-resistant RESISTANT organisms (or 

organisms you cannot fight with available antibiotics) 
(infections need NOT be necessarily severe…) 

• Run the study in a non-controlled fashion
– By definition, you cannot have a comparator if you aim at resistant organims

• Target your study for non-inferiority against historical controls
– Control = same type of infection caused by the same organisms but when it was 

still susceptible to the best-in-class antibiotic at that time

• By definition, you will be superior since the "control antibiotic" will not 
longer be acceptable. 
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Why not avoiding phase III altogether ?

• Provisional registration could be be warranted at phase II for really 
innovative compounds or compounds that solve unlet medical needs at 
phase II level if helping to solve unmet medical needs (and be accepted for 
that) !

2007
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Why not avoiding phase III altogether ?

20072011
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What about safety ?

• Registration : old scheme
– Progression through phase I – II  - III …
– Until reaching the number of patients required for safety …

phase I phase II phase III

efficacy

safetyn 

 

50 n 
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6000

preclinical
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How to combine this with safety ?

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

medical need with compounds we know about …)
– 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 
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But there us still another problem ?

• Discovery IS difficult…
• Preclinical development IS challenging…
• Clinical development and registration are not easy …
• But, will you recoup your investment ?

This is a main part 
of the problem
(in our current 

situation)
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Why is economy important ?

• Can you work without support ? …
– You need investors
– Those will ask some return at some point…
– And none ignores what is a ROI 

This is what every 
economist will tell 

you 
(and you know it !)
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Let us take a simple comparison …

• Pricing
– Antibiotics are cheap…
– And now, the Belgian pharmacist must deliver the cheapest one 

(generic)…
– Why would Industry make an effort ?

Pneumonia (> 60 years) Breast cancer (> 50 years)

Levofloxacin high dose: < 200 € / 10 days Trastusumab:  > 20,000 € / year

Survival of many years Survival of a few years

Allow me to take a simple example…
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This may be saving lives … but at which price ?

• gain in lifetime over dose (phase II trial)
• price of a reimbursed treatment: 77,000 euros/year 
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Do you remember having seen this ?

Penicillin saves lives (in 1944) !

It is no longer true !
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Old antibiotics may help …
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But you may learn how to use them properly
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Why not ?
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