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Objectives 

At the end of this session, the participant will: 
• Understand the challenges in developing new 

antimicrobials for DTOs 
• Envisage the steps needed & barriers to 

implementing new antimicrobials for DTOs 
• Be able to outline the chief therapeutic 

strategies for new antimicrobial agents for 
DTOs 



Disclosures 

• Public Health Ontario 
• Ontario Ministry of Health & Long term Care 
• Research 

– Merck 
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The Bad News 

• Increasing resistance to available antimicrobials 
– Antibiotic Stewardship – Too little, too late? 

• Stagnant antibiotic development 
– Investment lacking 
– Slow to recognize the need and inherent delays in 

finding and developing new antimicrobials 
• The increasing importance of antimicrobials in 

modern medical practice 
– Increasing use of antimicrobials for those patients on 

immunosuppressants and managed in critical care 





Antibiotic Development in the Face of 
Antimicrobial Resistance 

Source: IDSA 





Global Antibiotic Consumption by 
Class 2000-2010 



Global Antibiotic Consumption 2000-
2010 

• Consumption of antibiotics increased by 36% 
– Brazil, Russia, India, China, and South Africa 

accounted for 76% of this increase 

• There was increased consumption of 
carbapenems (45%) and polymixins (13%), 
two “last-resort” classes of antibiotic drugs. 

Source: Van Boeckel et al Global antibiotic consumption 2000 to 2010: an analysis of 
national pharmaceutical sales data Lancet Infect Dis 2014; 14: 742–50 



The Perspective of Big Pharma 
• All pharmaceutical companies are under pressure by 

shareholders to maximize returns and sustain strong 
growth rates 
– Chronic care medications > acute care medications 
– Innovation > Me-too’s 
– Specialized disease products > primary care products 

• Pressures to maximize profitability do not necessarily 
align with appropriate use, promotion, or consumption 
of antibiotics 

• Recognition of antibiotics as a finite strategic resource is 
rarely compatible with corporate commercial aspirations 

Source: Alasdair MacGowan, University of Bristol 



Net Present Value (NPV) 
• NPV is the sum of the present values (PVs) of incoming and 

outgoing cash flows over a period of time 
• A technique for evaluating the viability of an investment 

decision 
– Widely used in the pharmaceutical industry to determine both 

the viability of specific products and to compare investment 
strategies 

• Enables economic costs and benefits of a development 
program to be estimated at current values 
– Describes the relationship between the projected costs of the 

project and the potential in terms of cash flow 
• An NPV > 0 means that the project will usually benefit the 

company 

Source: Alasdair MacGowan, University of Bristol 



What impacts NPV for Pharma? 

• Restrictions on use 
– Reduce potential profit and thus NPV 

• Increased regulatory hurdles 
– Increases risk/costs 
– May move acceptable projects in to more 

marginal projects 
• Length of patent protection 

– Life-cycle extensions for successful antibiotics can 
be profitable  
 

 Source: Alasdair MacGowan, University of Bristol 

Presenter
Presentation Notes
For resistance – see Figure on next slide.



Antibiotics and NPV 
• Antibiotics perform poorly compared with drugs for chronic 

conditions 
 
 
 
 
 

• Any drug with an NPV < 100 is unlikely to garner investment 
• As a result, new antibiotic development is at the low-end of 

economic viability 

Drug Type NPV 

Antibiotic  100 

Anti-cancer drug  300 

Neurological drug  720 

Musculoskeletal drug 1150 

Source: Alasdair MacGowan, University of Bristol 

Presenter
Presentation Notes
NPV is used to compare projects, both within the antibiotic pipeline and across the entire portfolio. Not all leads can be progressed. A company seeks to maximise NPV across the whole portfolio over a given time. Companies have different risk tolerances. Company that has had a substantial involvement in antibiotics in the past is likely to be one of the last to leave the area.



• Highly saturated with many 
similar products 

• Novel product success 
reliant on significant 
innovation and differentiation 

• Community physicians tend 
to use 2–3 products with 
which they are very familiar 

Finite Use 

• Most infections are acute with 
short treatment duration 

• Lower revenue per patient 
• Pharmaceuticals prefer to target        

chronic or high impact diseases, 
e.g. cancer, hypertension 

Increased use of 
generics 

Decrease in 
uptake of new 

agents 

LIMITED 
INVESTMENT 

Market 
saturation 

• Antibiotic resistance 
makes physicians 
reluctant to use new drugs 

• Only used when 
alternative treatments 
have been exhausted 

• Increasing level of generic 
competition 

• Makes it difficult for new 
branded drugs to compete 
in terms of price 

Antimicrobial Market Dynamics 

Source: Alasdair MacGowan, University of Bristol 



The Causes of Stagnant Antimicrobial Growth 
• The nature of antibiotic use 

– Antibiotics use is sufficient to generate resistance in 
bacteria but not enough for commercial viability 

• Suboptimal approach to AMR 
– In an effort to curb inappropriate prescribing, a self-

regulatory approach has had an adverse impact on the use 
of newer agents and future development 

• Unbalanced development – “Market pressure” 
• Uncertain future 

– The uncertainty of bacterial evolution means that 
resistance is not predictable 

• Regulatory hurdles 
– Until recently, existing regulatory requirements have 

contributed to stifling progress on new antibiotic 
development 

Source: Gould IM & Bal AM Virulence 2013;4:185–191 



The number of new classes of antibiotics which have reached the 
market, and need for novel classes of antibiotics during the next 

100 years 

Source: British Journal of Pharmacology 2011;163:184–194 



Payne et al. Nature Reviews Drug Discovery 6, 29–40 (January 2007) | doi:10.1038 / nrd2201 

Antibiotic Development Timeline 



WE’VE BEEN A 
BIT LAZY 
ABOUT 

ATTRACTING 
ANY INTEREST 
IN ANTIBOTICS 



THE Answer to DTOs 

The recipe contains: 
• Garlic 
• Onion or leek 
• Wine 
• Oxgall, bile from a 

cow's stomach 





Source: Ling et al Nature 2015 doi:10.1038/nature14098 



The Good News 

• IDSA’s 10 X ‘20 
• FDA-GAIN Act (2012) 

– QIDP – qualified infectious disease product 
• Fast track 
• Priority review 
• Longer period of exclusivity (>5 years) 

• European Innovative Medicines Initiative 
– Increase academic-industrial collaboration 



Source: Pucci & Bush Clin Micro Rev 2013;26:792–821 



Source: Pew Trust January 2015 

Antimicrobials in Clinical Phase of Development 







Source: Pew Trust January 2015 



Source: Pucci & Bush Clin Micro Rev 2013;26:792–821 



Source: Pucci & Bush Clin Micro Rev 2013;26:792–821 

New Antimicrobials by MoA 



More Good News? 

• New drug discovery methods are proving fruitful 
• At least 4 novel classes based on previously 

unexploited mechanisms of action have reached 
the clinical phase of development 



Source: Lewis K  Nature Reviews Drug Discovery 2013;12:371–387 



Payne et al. Nature Reviews Drug Discovery 6, 29–40 (January 2007) | doi:10.1038 / nrd2201 



Novel Mechanisms & Agents 
1. Fatty acid synthesis inhibitors 

– FabI – Enoyl-acyl carrier protein (ACP) reductase 
2. Membrane-acting agents (Defensins) 

– Antimicrobial peptides (AMPs) and mimetics 
3. PDF Inhibitors 

– Peptide deformylase – an essential bacterial 
metalloenzyme in peptide synthesis 

– An essential role in protein maturation and is a highly 
conserved target 

4. Pleuromutilins 
– Selective binding of prokaryotic ribosomes leading to 

protein synthesis inhibition 
 
 



Yong-Mei Zhang et al. J. Biol. Chem. 2006;281:17541-17544 

©2006 by American Society for Biochemistry and Molecular Biology 

The Bacterial Type II Fatty Acid Biosynthetic 
Pathway 

Presenter
Presentation Notes
The bacterial type II fatty acid biosynthetic pathway. The production of membrane fatty acids in bacteria is catalyzed by a series of proteins encoded by separate genes that carry out the individual enzymatic steps depicted in the figure. See Table 1 for the activities of the FASII enzymes and Refs. 1 and 2 for recent reviews of the pathway.



Source: Heath et al Appl Microbiol Biotechnol 2002;58:695–703 



Fatty Acid Synthesis Inhibitors 

Source: Heath et al Appl Microbiol Biotechnol 2002;58:695–703 
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Antimicrobial Peptides (Defensins) 

• Positively charged peptide 
molecules (charge typically 
between +2 to +9). 

• They range in size from 12 to 
100 amino acids in length.  

• Extremely potent (nM) against 
a broad spectrum of bacteria, 
viruses and fungi 



.  

Findlay et al Antimicrob. Agents Chemother. 2010;54:4049-4058 

Initial design of AMP mimetics and more 
advanced analogues 

Presenter
Presentation Notes
Initial design of AMP mimetics and more advanced analogues. AMP mimetic A displayed roughly equivalent activities against Gram-positive and Gram-negative bacteria and red blood cells. AMP mimetic B contains an extended hydrogen-bonding network, as shown with dashed lines, and had significantly increased activity against representative Gram-positive and Gram-negative bacteria, with hemolytic activity similar to AMP mimetic A. Later research using mimetics C, D, and E probed the effect of charge on activity. The R groups of both the C and D series are the same, with the molecules varying only in their respective backbones. The AMP mimetic E has a unique guanidyl-derived R group but shares the same backbone as the D series. All compounds were prepared via polymeric techniques, with subunits linked by alkene groups and a molecular size equal to 3 kDa. Counterions are 2,2,2-trifluoroacetate.



Antimicrobial Peptides: Selectivity for bacteria  








Role of PDF and its Inhibitors in 
Bacterial Protein Synthesis 



D. Chen et al. Antimicrob. Agents Chemother. 2004;48:250-
261 

Generic PDF inhibitor structure 

Presenter
Presentation Notes
A generic PDF inhibitor structure. In the structure, X corresponds to a pharmacophore element capable of chelating metal ions. X attaches to a 2-substituted hexanoyl, which mimics the transition state of the hydrolysis of formyl-methionine.



Karen O'Dwyer et al. Antimicrob. Agents Chemother. 
2013;57:2333-2342 

GSK1322322 

Presenter
Presentation Notes
Chemical structure of GSK1322322.



Source: O’Dwyer et al AAC 2013;57:2333–2342 

Antimicrobial Activity of GSK 1322322 



Pleuromutilins 

Cultures of the Basidomycete Pleurotus mutilis produced a substance with 
antibacterial activity which was called pleuromutilin 



Kang  Yan et al. Antimicrob. Agents Chemother. 
2006;50:3875-3881 

Chemical footprint of retapamulin and telithromycin on 
E. coli 23S rRNA 

Presenter
Presentation Notes
Chemical footprint of retapamulin and telithromycin on E. coli 23S rRNA. The extent of protection or enhancement of chemical modification by DMS for rRNA was measured in the presence of retapamulin, tiamulin, or telithromycin. The resulting methylation pattern of rRNA bases was monitored by extension of fluorescently labeled primers and subsequent sequencing by capillary gel electrophoresis. ○, enhancement of reactivity by retapamulin; ▴, enhancement of reactivity by telithromycin; •, protection of reactivity by telithromycin.



  

Chen Davidovich et al. PNAS 2007;104:4291-4296 

©2007 by National Academy of Sciences 

Pleuromutilin Derivatives superimposed in the 
RNA binding pocket 

Presenter
Presentation Notes
Four pleuromutilin derivatives superimposed in the binding pocket. (a) A surface representation of the binding pocket. Several nucleotides have been removed to permit a clear view of the binding site. The structure of D50S/SB-517519 was used for surface representation. (b) A side view of pleuromutilins with the 3′ ends of an A-site tRNA mimic and the derived P-site tRNA (31). All pleuromutilin derivatives presented here are located at the PTC, with their tricyclic core oriented similar to tiamulin (22) and their C14 extensions placed within the PTC.



Figure 1. Structural formulas of pleuromutilin (1) and derivatives. 

Shang R, Wang S, Xu X, Yi Y, et al. (2013) Chemical Synthesis and Biological Activities of Novel Pleuromutilin Derivatives with Substituted Amino 
Moiety. PLoS ONE 8(12): e82595. doi:10.1371/journal.pone.0082595 
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0082595 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0082595


Teixobactin 

• A depsipeptide which 
contains enduracididine, 
methylphenylalanine, 
and four D-amino acids 

• Inhibits synthesis of 
peptidoglycan, but no 
effect on label 
incorporation into DNA, 
RNA and protein 

Source: Ling et al Nature 2015 doi:10.1038/nature14098 



Teixobactin 

Source: Ling et al Nature 2015 doi:10.1038/nature14098 



Source: Lewis K  Nature Reviews Drug Discovery 2013;12:371–387 

Pleuromutilins 

FabI Inhibitors PDF Inhibitors 

AMPs 

Teixobactin 



Difficult to Treat Organisms 

• MRSA 
• Antibiotic-resistant 

GNBs 
• MDR-TB 
• C. difficile 





MRSA: New Agents 

 MIC90 
µg/mL 

Clinical Phase Availability? 

FQs                      Nemonoxacin  1 3 (CAP, DFI) 2018 

Delafloxacin  0.5 3 (cSSSI, CAP, HAP, cIAI) 2020 

Avarofloxacin  0.5 2 (ABSSSI, CAP) >2020 

Tetracyclines 
Eravacycline  0.25 3 (cIAI, HAP, cUTI) 2020 

Oxazolidinones 
Tedizolid  0.5 3 (cSSSI) 2015 

Radezolid  0.5 2 (CAP, uSSSI) 2018 

BLI combinations 
Ceftaroline-avibactam 1 2 (cUTI) 2015/2018 



MRSA: Novel-acting Agents 

MIC90 µg/mL Clinical Phase Availability? 

Pleuromutilins 

Lefamulin 0.25 2 (ABSSSI) >2020 

Antimicrobial peptide mimetics 

Brilacidin 1 2 (ABSSSI) 2020 

PDF inhibitors 

GSK1322322  4 ? 2 (ABSSSI) >2020 

FabI inhibitors 

AFN-1252 <0.12 2 (SA SSSI) >2020 



CPE in Canada: CPHLN Data 
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Novel Agents for Antibiotic-resistant GNBs 
MDR 
PsA 

AB MBL KPC ESBL Clinical 
Phase 

FQs  
DS-8587 ✔ 1 

Aminoglycosides 
Plazomicin ? ✔ ✔ 3 

Tetracyclines 
Eravacycline  ? ? ✔ ✔ 3 

Pleuromutilin 
AN3365 ✔ ✔ Pre-clinical 

AMPs 
Brilacidin ? ? ? ✔ 2 
POL7080 ✔ 1 

ACHN-975  ✔ ✔ 1 



Overly Simplified Beta Lactamase 
Classification 

Bush 
Group 

Ambler 
Class 

Inhibited by 
CA or TAZ 

Type/Kind Examples 

1 C No AmpC and others Cephalosporinases 

2 A Yes Serine β lactamases Pencillinases/ESBLs/KP
C Carbapenemases 

2 D Variable Oxa β lactamases Oxacillinases, 
Carbapenemases 

3 B No Metallo β lactamases Carbapenemases 



Avibactam 

• Compared with currently available BLI 
– Has lower 50% inhibitory concentrations 
– Decreased reactivation rates of β-lactamases  
– Inhibition is believed to be reversible and the active 

inhibitor is regenerated  
– Active against Class A and C  β-lactamases including: 

• TEM-1 
• KPC-2 
• E. cloacae P99 
• AmpC from Pseudomonas aeruginosa 



Source: Drawz et al Antimicrob. Agents Chemother. 2014;58:1835-1846 

Avibactam and MK-7655 

MK-7655 

Presenter
Presentation Notes
(a) Hypothesized mechanism of avibactam acylation and regeneration with a class A β-lactamase; the amine and sulfate are highlighted in yellow and blue, respectively (11). (b) Structure of MK-7655; the piperidine ring and sulfate are highlighted in yellow and blue, respectively (40). (c and d) Three-dimensional structures of avibactam (c) and MK-7655 (d), constructed using Fragment Builder tools and minimized using a Standard Dynamics Cascade protocol in Discovery Studio 3.1.



Activity of Avibactam Combinations 

Source: Drawz et al Antimicrob. Agents Chemother. 2014;58:1835-1846 



Boronic Acid Containing β-lactamases 

Source: Drawz et al Antimicrob. Agents Chemother. 2014;58:1835-1846 

RPX7009 

Presenter
Presentation Notes
(a) General mechanism of reversible inhibition of a class A β-lactamase by a boronic acid compound. (b) Structure of β-lactam substrate analog boronic acid inhibitors (ampicillin, cephalothin, and cefoperazone mimics). (c) Structure of sulfonamide boronic acid (tested as described in reference 57); the sulfonamide boronic acid group is highlighted in yellow. (d) Compound 5 developed from FBLD optimization of sulfonamide boronate structure (59); the sulfonamide boronic acid group and tetrazole are highlighted in yellow and blue, respectively. (e) Structure of RPX7009 (65).



Novel β lactams for Antibiotic-resistant 
GNBs 

MDR 
PsA 

Acinet MBL KPC ESBL Clinical 
Phase 

Beta lactams 

BAL30072  ✔ ✔ ✔ 1 

BLI combinations 

Biapenem/RPX7009  ✔ ✔ ✔ ✔ 1 

Ceftolozane-tazobactam  ? ✔ 3 

Imipenem/MK-7655  ? ✔ ✔ 2 

Avibactam-combinations  

Ceftazidime-avibactam ? ✔ ✔ 3 

Ceftaroline-avibactam ✔ ✔ 2 

Aztreonam-avibactam  ✔ 





CDI: New Agents 
MIC90 µg/mL Clinical 

Phase 
Availability? 

Oxazolidinone/quinolone chimera 

Cadazolid  0.5 2 2018 

Inhibitor of bacterial translocation 
(via elongation factor Tu) 

LFF571 < 0.25 2 2020 

Type B Lantibiotic (inhibit 
peptidoglycan synthesis) 

NVB302 1 1 > 2020 

Lipopeptide 

CB-315 0.5 3 2016 

Presenter
Presentation Notes
Lantibiotic - a class of peptide antibiotics that contain polycyclic thioether amino acids





MDR-TB: New Agents 
Mechanism of action Agent MIC90 

µg/mL 
Clinical 
Phase 

Availability? 

Mycolic acid synthesis inhibitor Delamanid  0.024 3 2018 

Protein-lipid inhibitor PA-824  < 1 2 2020 

Disrupts cell wall assembly SQ109 < 1 2 2020 

Mycobacterial cell wall target  SQ609  ≤ 4 Pre-
clinical 

>2025 

Oxazolidinones Sutezolid  0.125 2a 2020 

Posizolid  1 2 2020 

ATP synthase inhibitor Bedaquiline ≤ 0.063 3 2016 



Summary 

• The development pipeline for new antimicrobials 
is emerging out of period of stagnation 

• Agents from older antibiotic classes predominate 
in current development for DTOs 

• New agents with novel mechanisms of action are 
entering clinical development and appear 
promising 

• Development of new antimicrobials are part of a 
multi-pronged approach to dealing with DTOs 
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