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Objectives

• Recognize the benefits, risks and gaps of currently 
available therapies for infections due to MRSA

• Review the current pipeline of evolving products for 
the management of infections due to MRSA and 
identify potential benefits and risks and how they 
may impact the current treatment paradigm



Currently Used Therapy for MRSA

FDA-approved 
agent cSSSI Evidence Nosocomial 

Pneumonia Evidence Bacteremia Evidence

Ceftaroline (IV) ✔ AI
Daptomycin (IV) ✔ AI ✔ AI
Linezolid (IV/PO) ✔ AI ✔ AII
Telavancin (IV) ✔ AI
Tigecycline (IV) ✔

Vancomycin (IV) ✔ AI ✔ AII ✔ AII

Oral Generics (no FDA-approved indication)
•Tetracyclines

- Doxycycline, minocycline
•Trimethoprim/sulfamethoxazole
•Clindamycin

Liu C, et al. Clin Infect Dis. 2011;52(2):1-38.



From penicillin to vancomycin 
(and VISA) 

1960: 
introduction of 
methicillin …

1961: 
emergence of 
resistance to 

methicillin in 1961



From penicillin to vancomycin 
(VISA) 

Kirst et al. Antimicrob Agents Chemother. 1998: 42:1303-4. 

1980's:
Large scale 

re-introduction of 
vancomycin *

* Vancomycin was first described in 1955-57
(Antibiot Annu. 1955-1956;3:606-322 and 1956-57;4:75-122) 

1997:
Strains with 

reduced 
susceptibility 

to vancomycin



Vancomycin (in the good old time)
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peak level: 30-40 mg/L 
2 h after the end of infusion

trough level: 5-10 mg/L
just before the next dose 
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But in 2011…

Time (h)

Clin Infect Dis. 2011 Feb 1;52(3):285-92. 

co
nc

. (
m

g/
L)

 a
t 3

d
os

e 
(V

A
N

 B
ID

 1
g 

q1
2h

)

0 6 12
0

10

20

30

40



and in 2013



Vancomycin: Will 
Continuous Infusion Help ?
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Moise-Broder et al. Clin Pharmacokinet. 2004;43:925-42

efficacy

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

toxicity

Css vancomycin > 28 mg/L:
increased nephrotoxicity risk

[OR 21.236; P = 0.004]



Linezolid
1996:

First description of linezolid

2007:
Resistance to 
linezolid by 

mehylation (cfr)
(plasmid mediated)

Toh et al. Mol Microbiol. 2007;64:1506-14. 

1998-2002:
Resistance to 

linezolid by target 
mutation

(remains rate)



Toxicological Limitations of 
Linezolid

• Drug interactions: 
– cytochrome P450: no special effect
– antibiotics: rifampin causes a 21 % 

 

in LZD serum levels
– Monoamine Oxidase Inhibition (reversible, nonselective inhibitor): 


 

adrenergic and serotonergic agents (PRECAUTIONS)
• Myelosuppression (including anemia, leukopenia, pancytopenia, and 

thrombocytopenia) 
(WARNING)

• Hypoglycemia
• Lactic acidosis (PRECAUTION – Immediate medical attention)
• Peripheral and Optic Neuropathy (> 28 days)
• Convulsions 



LINEZOLID and Monoamine 
Oxidase A

Serotonin
Noradrenaline
Adrenaline 
Octopamine

Dopamine
Tyraminea

Tryptamine
Kynuramine
3-methoxytyramine

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

MAO-A MAO-B

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

Consequences of MAO-A Inhibition

• Serotonin Syndrome
• Hypertensive crisis 



Boyer EW, Shannon M. 2005. The serotonin syndrome. N. Engl. J. Med. 352:1112–1120.

Manifestations of the serotonin syndrome range from mild to life-threatening. The vertical arrows suggest the 
approximate point at which clinical findings initially appear in the spectrum of the disease, but all findings may not be 
consistently present in a single patient with the serotonin syndrome. Severe signs may mask other clinical findings. For 
example, muscular hypertonicity can overwhelm tremor and hyperreflexia.

Serotonin Syndrome: 
Spectrum of Clinical Findings



LINEZOLID and Haematological 
Toxicity



LINEZOLID and Haematological 
Toxicity



So, what are our possibilities ?

"Scientist" by Ben Shahn 
New Jersey State Museum, 
Trenton, N.J.



New Drugs Approved for MRSA 
Since 2003

• Daptomycin (approved in 2003) 

• Tigecyclin (approved in 2005)

• Telavancin (approved in 2009 – 2012)

• Ceftaroline (approved in 2012)



Daptomycin: Historical Landmarks of a 
drug with totally novel mode of action….

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- …

• dose increase needed
• emergence of resistance
• safety concerns



DAPTOMYCIN: Was the Dosage 
Correct ?



DAPTOMYCIN: high Doses ?

(1) CPK values ≥

 

3 times the upper limit of normal (ULN) based on two serial 
measurements during therapy, and one of two levels ≥

 

5 times the ULN 
or 

(2) CPK levels ≥

 

5 times the ULNon two serial measurements if abnormal 
CPK levels at baseline [26]. he ULN of CPK value at NTUH is 160 IU/L.



Daptomycin: Pros and Cons

• rapidly bactericidal
• highly potent, including 
against MDR strains  

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

resistance at low doses
• need to increase the 

dose in difficult-to-treat 
infections with toxicity risk



Tigecycline: Historical Landmarks of 
a resurrection of tertracyclines ….

Demonstration of the spectrum of activity 
and candidate selection 

In vitro and in vivo antibacterial activities of a 
novel glycylcycline, the 9-t-butylglycylamido 
derivative of minocycline (GAR-936).
Petersen et al. (1999) Antimicrob Agents 
Chemother. 43:738-44. 

1999

Discovery of glycylcyclines 
as a novel class of antibiotics

In vitro and in vivo antibacterial activities of the glycylcyclines, 
a new class of semisynthetic tetracyclines. 
Testa et al. Antimicrob Agents Chemother. 1993 37:2270-7

1993 2005-6

approval BY FDA 
and EMA

and then, Pfizer bought Wyeth…

2009



Tigecycline: Clinical Failures …



Tigecycline: Pros and Cons

• active against MRSA 
resistant to other 
antibiotics

• good cellular 
penetration

• bacteriostatic
• MIC's very close to 

breakpoint
• Side effects limit dose 

increase



New (lipo)glycopeptides: 
Structure-activity Relationships for a 
new mode of action

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



Telavancin and Oritavancin: In vitro 
Activity

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

species phenotype ORI TLV VAN

S. aureus

MSSA 0.25/0.5 0.25/0.5 1/1

MRSA 0.25/0.5 0.25/0.25 1/1

VISA 1/1 0.5-1 4/4

VRSA 0.5* 2-4 16*

S. pneumo
PenS 

 

0.002/0.004 

 

0.06/

 

0.06 

 

0.25/

 

0.25

Pen nonS 0.002/0.004 

 

0.06/

 

0.06 

 

0.25/

 

0.5

Enterococci
VanS 0.12/0.5 0.12/0.5 1/2

VanR 0.03* 4-16 16*

* Median value



Telavancin Clinical Studies: Safety

« metallic/soapy »

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

Adverse events and laboratory abnormalities for pooled cSSTIs and HAP studies



Telavancin: Current Indications
EMA approved indication (2011): 

• Treatment of adults with nosocomial pneumonia, including ventilator 
associated pneumonia, 

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

alternatives are not suitable.

FDA approved indication (2009 - 2011):

• treatment of adult patients with complicated skin and skin structure 
infections

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

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



Telavancin : Pros and Cons

• rapidly bactericidal
• once-a-day
• active on VISA 
to some extent

• no oral route
• not active on VRSA
• renal toxicity ?
• EMA and FDA warnings



Ceftaroline
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Ceftaroline and MRSA

we are 
perhaps too 

close



Ceftaroline: Current Indications

EMA approved indications (2012): 

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

FDA approved indications (2010):

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

• acute bacterial skin and skin structure infections (ABSSSI) caused by susceptible 
isolates of the following Gram-positive and Gram-negative microorganisms: 
Staphylococcus aureus (including methicillin-susceptible and -resistant isolates), Streptococcus pyogenes, 
Streptococcus agalactiae, Escherichia coli, Klebsiella pneumoniae, and Klebsiella oxytococa



Ceftaroline : Pros and Cons

• broad spectrum 
• safety profile

• broad spectrum
• no oral route
• indications are "minimal"
• anti-MRSA activity 

border-line ?



Anti Gram-positive Agents in the 
Pipeline

Class Company Drug Status (clinical) Timing

fluoroquinolones Rib-X delafloxacin III (ABSSSI) II 
(CAP)

First PIII for ABSSSI started in 1H2013

TaiGen nemonoxacin II (CAP/dfi)

Furiex JNJ-Q2 III CAP/ABSSSI Entering PIII

oxazolidinones Trius tedizolid III (ABSSSI) Two PIII trials completed; NDA filing 
projected 2H13

Rib-X radezolid II ABSSSI/CAP)

ketolides Adv. Life Sci. cethromycin III (CAP) / anthrax Additional data requested by FDA / 
operations suspended

Cempra solithromycin III (CAP) 4Q13 Initiation of PIII trial in CABP

Lipogycopeptides (*) Durata dalbavancin III ABSSSI NDA late September/projected launch 
2H14

The MedCo oritavancin III (ABSSSI) PIII completed – projected filing 4Q13 
in US; 2014 European filing

Pleuromotulin (*) Nabriva BC-3781 II (ABSSSI)

Peptidomimetic (**) Polymedics PMX-30063 II (ABSSSI)

Fab inhibitor (**) Affinium AFN-1252 II (ABSSSI)

deformylase inhibitor (**) GSK GSK1322322 II  (ABSSSI/CAP)
*   new target (not yet exploited) – dual site of action for oritavancin
** old target but not exploited in human systemic medicine



Anti Gram-positive Agents in the 
Pipeline

Class Company Drug Status (clinical) Timing

fluoroquinolones Rib-X delafloxacin III (ABSSSI) II 
(CAP)

First PIII for ABSSSI started in 1H2013

TaiGen nemonoxacin II (CAP/dfi)

Furiex JNJ-Q2 III CAP/ABSSSI Entering PIII

oxazolidinones Trius tedizolid III (ABSSSI) PIII trials completed; NDA filing 
projected 2H13; EMA filing 1H14

Rib-X radezolid II ABSSSI/CAP)

ketolides Adv. Life Sci. cethromycin III (CAP) / anthrax Additional data requested by FDA / 
operations suspended

Cempra solithromycin III (CAP) 4Q13 Initiation of PIII trial in CABP

Lipogycopeptides (*) Durata dalbavancin III ABSSSI NDA late September 2013; projected 
launch 2H14

The MedCo oritavancin III (ABSSSI) PIII completed – projected filing 
4Q13 in US; 2014 European filing

Pleuromotulin (*) Nabriva BC-3781 II (ABSSSI)

Peptidomimetic (**) Polymedics PMX-30063 II (ABSSSI)

Fab inhibitor (**) Affinium AFN-1252 II (ABSSSI)

deformylase inhibitor (**) GSK GSK1322322 II  (ABSSSI/CAP)
*   new target (not yet exploited) – dual site of action for oritavancin
** old target but not exploited in human systemic medicine

Near Term
Near Term

Near TermNear Term

Near TermNear Term



Tedizolid – Radezolid and LZD- 
resistant Strains
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Lemaire et al, JAC (2009) 64:1035-43 ; AAC (2010) 54:2549-59

strain Phenotype Linezolid Tedizolid Radezolid 

Staphylococcus aureus     

ATCC 25923 MSSA 2 0.25 0.25-0.5 

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

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

SA 238L HA-MRSA, LZDR 16 1 2 

NRS 192 CA-MRSA 2 0.125-0.25 0.5 

NRS 384 CA-MRSA 2 0.25 0.5 

NRS 52 VISA 2 0.125 2 

VRS 1 VRSA 1-2 0.125-0.25 0.5 

VRS 2 VRSA 1-2 0.25 2 

Listeria monocytogenes     

EGD  1-2 0.125 0.03-0.06 

Legionella pneumophila     

ATCC 33153  4-8 0.25-0.5 0.5-1 

 



Tedizolid and activity against cfr+ 
strains

Locke et al, AAC (2010) 54: 5337–43 

wild-type and methylated ribosomes

linezolid

tedizolid



Tedizolid and MAO inhibition



* Gastrointestinal AEs include: diarrhea, nausea, 
vomiting, and dyspepsia  

** Statistically significant (p=0.004)

Adverse Event Tedizolid
(200 mg QD 6 Days)

Linezolid
(600 mg BID 10 Days)

Any Treatment 
Emergent Adverse 
Event (TEAE)

40.8% 43.3%

Any Drug-Related TEAE 24.2% 31.0%

Gastrointestinal 
Disorders* 16.3%** 25.4%**

Adverse Event Profile

Hematology Percent of Patients with Value below the 
Lower Limit of Normal (LLN)

Hematology 
Parameter

Tedizolid
(200mg QD 6 days)

Linezolid
(600mg BID 10 days)

Platelets
Below LLN 9.2%* 14.9%*

Platelets – 
Substantially 
Abnormal Value 
(<75% LLN)

2.3% 4.9%

Tedizolid Had Significantly Lower 
Impact on Platelets than Linezolid

* Statistically significant (p=0.035)Fang E, et al. Safety Profile of Tedizolid Phosphate Compared to 
Linezolid in a Phase 3 ABSSSI Study. ICAAC 2012; Poster L1-1664.



New oxazolidinones : Pros and 
Cons

• active on LZD-resistant 
strains (cfr+)

• more potent against 
intracellular bacteria

• possibly less toxic 
than LZD

• rather bacteriostatic



More anti Gram-positive Agents in 
the Pipeline

Class Company Drug Status (clinical) Timing

fluoroquinolones Rib-X delafloxacin III (ABSSSI) II 
(CAP)

First PIII for ABSSSI started in 1H2013

TaiGen nemonoxacin II (CAP/dfi)

Furiex JNJ-Q2 III CAP/ABSSSI Entering PIII

oxazolidinones Trius tedizolid III (ABSSSI) Two PIII trials completed; NDA filing 
projected 2H13

Rib-X radezolid II ABSSSI/CAP)

ketolides Adv. Life Sci. cethromycin III (CAP) / anthrax Additional data requested by FDA / 
operations suspended

Cempra solithromycin III (CAP) 4Q13 Initiation of PIII trial in CABP

Lipogycopeptides (*) Durata dalbavancin III ABSSSI NDA late September/projected launch 
2H14

The MedCo oritavancin III (ABSSSI) PIII completed – projected filing 4Q13 
in US; 2014 European filing

Pleuromotulin (*) Nabriva BC-3781 II (ABSSSI)

Peptidomimetic (**) Polymedics PMX-30063 II (ABSSSI)

Fab inhibitor (**) Affinium AFN-1252 II (ABSSSI)

deformylase inhibitor (**) GSK GSK1322322 II  (ABSSSI/CAP)
*   new target (not yet exploited) – dual site of action for oritavancin
** old target but not exploited in human systemic medicine

I'm afraid, it's 
getting late…
Please ask 

questions for 
what I have 
not covered



Conclusions

• Contrary to what is often said, the pipeline for anti-Gram-positive 
organisms (incl. S. aureus) is far from being empty…

• As there is a definite need for improvement over vancomycin and 
linezolid, emphasis for development and registration should be given 
to compounds with
– Improved microbiological properties

– clear clinical equivalence against vancomycin-susceptible strains AND 
superiority against vancomycin-insusceptible and linezolid-resistant 
strains

– improved safety profile

– easier mode of treatment 

• A premium price may need to be awarded as otherwise development 
will be limited…



Back-up



From penicillin to vancomycin (and 
VISA) 

1940-45: 
Mass production of  

penicillin 
universally active 
against S. aureus)

1928: 
Fleming observes 
the killing effect of 
a mould against 

S. aureus

1944: 
First description of 
a -lactamase in 

S. aureus

Lee, S. (2008). State of C2/C3 substituents of 
-lactam antibiotics in the -lactam ring 
cleavage by -lactamases. PHILICA.COM 
Article number 122. 

1950-70: 
almost all strains of 
S. aureus produce 

a -lactamase

Chambers HF. The Changing Epidemiology of 
Staphylococcus aureus? Emerging Infectious 
Diseases 2001;7:178:182



J. Silverman, 45thICAAC, 2005
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DAPTOMYCIN and eosinophilic 
pneumonia
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Tigecycline In vitro Activity

species phenotype tetracycline minocycline tigecycline

E. coli susceptible 1 1 0.25

Efflux (Tet) > 32 16 0.5

Ribosomal protection > 32 > 32 0.25

S. aureus susceptible 0.12 0.06 0.25

Efflux (Tet) > 32 0.25 0.5

Ribosomal protection > 32 4 0.25

Petersen et al., AAC (1999) 43:738-44



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

Telavancin and 
Oritavancin



Tigecycline and Breakpoints in 2013

EUCAST breakpoints: S ≤

 

0.5 - R > 0.5
FDA breakpoint: S ≤

 

0.5 
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