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Belgium
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Belgium 10 million inhabitants …

10 Nobel prizes (10/850)

• Peace
- Institute of International Law, Ghent (1904)
- Auguste Beernaert (1909)
- Henri Lafontaine (1913)
- Father Dominique Pire (1958)

• Literature
- Maurice Maeterlinck, Ghent (1911)

• Medicine
- Jules Bordet, Brussels (1919)
- Corneille Heymans, Ghent (1938)
- Christian de Duve, Louvain (1974)
- Albert Claude, Brussels (1974)

• Chemistry
- Ilya Prigogyne, Brussels (1977)

- Physics
- François Englert, Brussels (2013)
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The Catholic University of Louvain in brief (1 of 4)

• Originally founded in 1425 in the city of Louvain (in French and English; known as Leuven in Flemish)
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The Catholic University of Louvain in brief (2 of 4)

• It was one of the major University of the so-called "Low Countries" in the 
1500–1800 period, with famous scholars and discoverers (Vesalius for 
anatomy, Erasmus for philosophy…).  Teaching was in Latin, Greek and 
Hebrew (College of the 3 languages…)

The University in the 1500s Erasmus Vesalius
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The Catholic University of Louvain in brief (3 of 4)

• In the 19th century, teaching was in French but in the early 1900s, a Flemish-
speaking section was opened. Courses were given in both languages, 
attracting many students and celebrities…

• In 1968, the University was divided into:  
– a French-speaking Université catholique de Louvain
– a Flemish-speaking Katholieke Universiteit Leuven…

Prof. G. Lemaitre, Professor of Physics 
and Mathematics at the University who, 
in the 1930s, made the first suggestion 
of the continuous expansion of the 
Universe (“big bang”) 
(here in conversation with A. Einstein)

Professor C. de Duve, 
Professor of Biochemistry,  
obtained the Nobel Prize 
(Physiology and Medicine) in 
1974 for his work on 
intracellular organelles 
(lysosomes, peroxisomes…) 

(here in front of a centrifuge) 
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The Catholic University of Louvain in brief (4 of 4)

• The Flemish-speaking Katholieke Universiteit Leuven has remained in Louvain 
(Leuven) and is named officially in English “KU-Leuven".  

• The French-speaking Université catholique de Louvain has moved about 25 km South 
to a place called "Louvain-la-Neuve”, with the "Health Sciences Sector" located in 
Brussels (Woluwé)

• Together, the two Universities have about 55,000 students

Université
catholique
de Louvain

http://www.uclouvain.be

Katholieke
Universiteit 

Leuven
http://www.kuleuven.be10 km
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What do we do?

• Teaching of Pharmacology and 
Pharmacotherapy

• Post-graduate training on Drug Development
• Launching of Clinical Pharmacy in Europe 
• Web-based courses on anti-infective 

Pharmacology
• 30 graduate students, doctoral fellows and 

post-graduate fellows working on anti-
infective therapy (laboratory and clinical 
applications)  

• Toxicity, medicinal chemistry and 
improved schedules of aminoglycosides

• Novel antibiotics
• beta-lactams (ceftaroline…)
• fluoroquinolones (finafloxacine…)
• ketolides (solithromycin…)
• oxazolidinones (tedizolid …) 

www.facm.ucl.ac.be

• Editorial board of AAC and IJAA
• Member of the General Committee of EUCAST 

(for ISC) and of its Steering committee (2008–10)
• Member of the Belgian Antibiotic Policy 

Coordination Committee
• Founder and Past President of the International 

Society of Anti-infective Pharmacology (ISAP)

www.isap.org
A partial view of our University Clinic (900 beds) and the 
Education and Research buildings (5,000 students), in the 
outskirts of Brussels, Belgium
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Why should a Belgian travel to Dubai 
to speak to you ?
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To speak about MRSA in the Middle-East

and then about tedizolid…



What about MRSA in the Middle East?

Egypt:
• Staphylococcus aureus isolates are the major pathogens responsible for wound and surgical 

site infections at MUH and MRSA are a potential threat for wound patients in Egypt.
Ahmed et al. Surg Infect (Larchmt). 2014; 15:404-11. PMID: 24815332.
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high resistance to 
many antibiotics



But what about MRSA in the Middle East?

Egypt:
• Staphylococcus aureus isolates are the major pathogens responsible for wound and surgical 

site infections at MUH and MRSA are a potential threat for wound patients in Egypt.
Ahmed et al. Surg Infect (Larchmt). 2014; 15:404-11. PMID: 24815332.

• CA-MRSA skin infections are not common among Egyptian children….  Antibiogram
testing from suppurative skin lesions are, however, better to be recommended to guide 
individual therapy. 
Abdel Fattah & Darwish Int J Dermatol. 2012; 51:1441-7. PMID: 22928620.

Iran
• Emergence of MRSA with SCCmec type III and with spa types t12311, t10740, t1234, t1991, and 

t2651 with different phenotypic and genotypic antimicrobial resistance in the west of Iran. 
Mohammadi et al. Int J Infect Dis. 2014; 25:152-8. PMID: 24909489. 
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• High frequency of MRSA found not only in HA S. aureus but also in CA S. aureus isolates; 
therefore, the strategic goals is to optimize antimicrobial use … 
Sabouni et al. J Prev Med Hyg. 2013; 54:205-7. PMID: 24779281.

Iraq
• Burn patients with sepsis in Iraq were commonly found to have bloodstream pathogens 

resistant to most antibiotics available locally. 
Ronat et al. PLoS One. 2014; 9:e101017. PMID: 25111170 
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But what about MRSA in the Middle East?
Jordan:
• Methicillin-resistant Staphylococcus aureus (MRSA) is a major cause of infections that are 

becoming increasingly difficult to combat because of emerging resistance. 
Khalil et al. Diagn Microbiol Infect Dis. 2012; 73:228-30. Surg Infect (Larchmt). 2014; 15:404-11. PMID: 24815332.

Libya
• The results provide evidence that Libyan health care workers could serve as MRSA carriers and 

play a role in the dissemination of MRSA to the public and other workers.
Ahmed et al. East Mediterr Health J. 2012; 18:37-42. PMID: 22360009.

. 
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• MRSA prevalence in our hospital was high and this may be the case for other hospitals in Libya. 
Buzaid et al. J Infect Dev Ctries. 2011; 5:723-6. PMID: 21997941.

Qatar
• The high prevalence of CA-MRSA, especially including USA300, in this setting underscores 

the importance of global epidemiological monitoring to better understand and hopefully help prevent 
the emergence and spread of these problem pathogens in patient populations. 
El-Mahdy et al. Clin Microbiol Infect. 2014; 20:169-73. PMID: 24815332.
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Qatar
• The high prevalence of CA-MRSA, especially including USA300, in this setting underscores 

the importance of global epidemiological monitoring to better understand and hopefully help prevent 
the emergence and spread of these problem pathogens in patient populations. 

United Arab Emirates
• The emergence of CA-MRSA clones with subsequent entry to and spread within the hospital

has contributed to the increasing incidence of MRSA observed in Tawam Hospital and 
probably also in other hospitals in the UAE.
Sonnevend et al. J Clin Pathol. 2012; 65:178-82 PMID: 22039280.

5-11-2015 Anti-Infective Bayer Middle East Forum, Dubai, UAE 22



But what about MRSA in the Middle East?
Jordan:
• Methicillin-resistant Staphylococcus aureus (MRSA) is a major cause of infections that are 

becoming increasingly difficult to combat because of emerging resistance. 
Khalil et al. Diagn Microbiol Infect Dis. 2012; 73:228-30. Surg Infect (Larchmt). 2014; 15:404-11. PMID: 24815332..

Libya
• The results provide evidence that Libyan health care workers could serve as MRSA carriers and 

play a role in the dissemination of MRSA to the public and other workers.
Ahmed et al. East Mediterr Health J. 2012; 18:37-42. PMID: 22360009.

• MRSA prevalence in our hospital was high and this may be the case for other hospitals in Libya. 
Buzaid et al. J Infect Dev Ctries. 2011; 5:723-6. PMID: 21997941.

Qatar
• The high prevalence of CA-MRSA, especially including USA300, in this setting underscores 

the importance of global epidemiological monitoring to better understand and hopefully help prevent 
the emergence and spread of these problem pathogens in patient populations. 

United Arab Emirates
• The emergence of CA-MRSA clones with subsequent entry to and spread within the hospital

has contributed to the increasing incidence of MRSA observed in Tawam Hospital and 
probably also in other hospitals in the UAE.
Sonnevend et al. J Clin Pathol. 2012; 65:178-82 PMID: 22039280.

5-11-2015 Anti-Infective Bayer Middle East Forum, Dubai, UAE 23



But what about MRSA in the Middle East?
Saudi Arabia
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Journal of Chemotherapy 2014; 2:13-18 
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and now tedizolid…

but, again, why ?
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Because we have been working on tedizolid 
since 2007…

at that time, tedizolid 
was called “torezolid” …

and even TR-700 or 
DA-7157
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But where does tedizolid come from?
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Tedizolid discovery
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Dong-A pharmaceuticals and tedizolid
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Dong-A pharmaceuticals and tedizolid: step #1

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

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

tedizolid
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Tedizolid is 
systematically 

≥ 4-x more active 
than linezolid 

against LZDS strains
and the LZD cfr+  
resistant strain

potential 
role of the 

methyl-
tetrazolyl

moiety
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Lemaire et al. J Antimicrob Chemother 2009;64:1035–1043.
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And even for S. aureus of different 
epidemiological origin… 



As also with 
strains from 
clinical trials
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Goering et al. ECCMID 2015; Poster EP086. 
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Tedizolid and linezolid resistance
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Oxazolidinones: 1st mechanism of resistance

full to 16
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Activity against cfr+ resistant strains…

Locke et al. Antimicrob Agent Chemother 2010;54:5337-5343

Linezolid        Tedizolid
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Why is tedizolid 
active against cfr(+) 

LZDR strains?

LZD

TR-700
(tedizolid)
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Locke et al. Antimicrob Agent Chemother 2010;54:5337-5343
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Oxazolidinones: 2nd mechanism of resistance

But the MIC may exceed 
the EUCAST 
breakpoints
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Tedizolid (TR-700 / TZD) and ribosomal mutations

TZD MICs 
are 8x < 

than LZD 
but 2-4x > 
than for 

wild-type 
bacteria

Locke et al. Antimicrob Agent Chemother 2010;54:5337-5343



Emerging linezolid-resistant S. aureus: 
STAR Global Surveillance in 2011-2012*
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*The Surveillance of Tedizolid Activity and Resistance (STAR) Programme compares the in vitro activity of 
tedizolid and other antimicrobials against a variety of clinically relevant Gram-positive pathogens and monitors 
for the emergence of resistance. The Gram-positive pathogens chosen represent those relevant to ABSSSI, 

including those with significant resistance phenotypes such as MRSA and VRE.
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Sahm et al. Diagn Microbiol Infect Dis 2015;81:112-8.
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But could tedizolid induce resistance ?
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Tedizolid is less capable of inducing resistance…

Locke et al. Antimicrob Agent Chemother 2009;53:5265-5274.
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To sum up: what are the main differences between 
linezolid and tedizolid of interest at this point?

Linezolid (LZD)

Tedizolid (TR-700)

Substantial differences that DO impact on 
• intrinsic activity (more potent)
• full activity against cfr+ resistant strains
• MICs < LZD for ribosomal mutants

morpholinyl
vs

pyridinyl



5-11-2015 Anti-Infective Bayer Middle East Forum, Dubai, UAE 49

Tedizolid pharmacokinetics
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Tedizolid is presented as a prodrug to increase 
its solubility 

• Tedizolid phosphate (TR-701) is a water soluble phosphate prodrug
of TR-700 (compound 11)

• Phosphatases rapidly cleave TR-701 in vivo to the active moiety TR-700
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Tedizolid is quickly formed from tedizolid
phosphate

• Tedizolid phosphate (TR-701) is a water soluble phosphate prodrug
of TR-700 (compound 11)

• Phosphatases rapidly cleave TR-701 in vivo to active moiety TR-700
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Ong et al. Drug Metab Dispos 2014;42:1275-1284.
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Tedizolid formulations in the clinical setting 

• Active pharmaceutical ingredient: stable at room temp for >2 yrs

• 2 formulations:
– IV Lyophile: TR-701 FA Lyophilized Vial for Injection, 200 mg

– Oral Tablet: TR-701 FA Immediate Release Tablet, 200 mg
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Tedizolid phosphate



Tedizolid vs linezolid human pharmacokinetics
Oral therapeutic doses (200mg tedizolid q24h versus 600mg linezolid q12h for 21 days)

Tedizolid:
− Mean t1/2 >2 x greater than linezolid
− Longer initial presence at >0.5 µg/mL (vs 4 µg/mL for linezolid)

TedizolidLinezolid

Flanagan SD, et al. Pharmacotherapy 2014;34(3):240–250.
Munoz KA, et al. ECCMID 2010. Poster1594.

MIC90 MIC90

− Tedizolid concentrations were similar on Day 21 compared with Day 1
− No evidence of accumulation of tedizolid while linezolid showed a 47% increase in 

exposure from Day 1 (AUC=65.9 μg•hr/mL) to Day 21 (AUC=114.57 μg•hr/mL)
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Muñoz et al. ECCMID 2010; P1594

This allows 
for a once daily

dosing



Human bioavailability

− Tedizolid concentrations were generally similar on Day 7 compared with Day 1 after intravenous 200 
mg multiple dosing 

− A slight accumulation of ~28% was observed following multiple dosing

− Absolute bioavailability of tedizolid was 91.7% in US subjects (82.6% in Japanese subjects; 85.5% in 
Chinese subjects)
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Flanagan et al. Pharmacother 2014;34:891-900.



Tedizolid elimination… 

• When using 14C-labelled tedizolid phosphate in humans, most of the 
radioactivity is excreted in feces
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Ong et al. Drug Metab Dispos. 2014;42:1275-84. 

Mean cumulative percentage of
radioactive dose was recovered in 
urine and feces after single 204 mg 
(100-µCi) oral 14C-tedizolid 
phosphate to healthy male subjects
(+/- SD).



Tedizolid elimination… 

• When using 14C-labelled tedizolid phosphate in humans, most of the 
radioactivity is excreted in feces as tedizolid sulfate (inactive)
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Ong et al. Drug Metab Dispos. 2014;42:1275-84. 

Mean cumulative percentage of
radioactive dose was recovered in 
urine and feces after single 204 mg 
(100-µCi) oral 14C-tedizolid 
phosphate to healthy male subjects
(+/- SD).



No Need for Dose Adjustment in Special Populations
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Tedizolid pharmacokinetics for 
patients with severe renal impairment

(eGFR < 30 mL/min/1.73 m2)

Flanagan SD, et al. AAC 2014;58(11):6471‒6476. Data on file, Bayer.
Flanagan SD, et al. AAC 2014;58(11):6462‒6470. Flanagan SD, et al. Pharmacotherapy 2014;34(3):240‒50.

Tedizolid has been shown to have 
predictable PKs in the following patient 

groups:

• Severe renal impairment (eGFR
< 30 mL/min/1.73 m2)

• Moderate hepatic impairment (Child-
Pugh score 7-9)

• Severe hepatic impairment (Child-Pugh 
score 10-15)

• Elderly (age 66-78)

• Obese and morbidly obese

• Ethnic populations

• No exposure difference between fasted
and fed statuses

575-11-2015 Anti-Infective Bayer Middle East Forum, Dubai, UAE
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Pharmacokinetics/Pharmacodynamics
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Why pharmacokinetics/pharmacodynamics?

• It helps to understand why an antibiotic may (or may not) be 
effective

• It allows a faster and more efficient move from preclinical to phase II 
– phase III studies

• It is a key element in the setting of clinical breakpoints

• It is now required by regulatory authorities to better assess the real 
interest of a new drug (and to re-scrutinize old ones)

• It helps to guide the clinician for a better use of the drug

• Reimbursement committees use it to ensure that what they pay for 
is valid!
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How did it start and evolve…?

not too long ago …

G. Drusano W.A. Craig

and to clinical practice
EMA

1998

1999

since 1999
… and again this year
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PK parameters governing the activity of 
antibiotics

0 6 18 2412
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f T > MIC

f T > MIC
AUC24h / MIC

Cmax / MICCmax
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AUC24h and activity tedizolid

Louie et al. Antimicrob Agent Chemother 2011; 55:3453-3460.

TZD activity depends on 
actual  AUC/MIC value, 
and independent of the 
dosing schedule.
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Tedizolid vs linezolid: human pharmacokinetics

drug dosage Cmax (mg/L) apparent t1/2 
(h)

Clearance 
(ml/min)

Total AUC24h
(mg·h/L)

linezolid IV 1 600 mg 
Q12 h 15.1 ± 2.5 4.8 ± 1.7 123 ± 40 89.7 ± 31.0

tedizolid IV 2 200 mg
Q 24h 3.0 ± 0.7 12.4 ± 1.2 5.9 ± 1.4 29.2 ± 6.2

tedizolid oral 2 200 mg
Q 24h 2.2 ± 0.6 11.2 ± 2.6 3 8.4 ± 2.1 25.6 ± 8.4

3-fold difference
with linezolid

but MICs are 
3-4 fold lower

1. Zyvox US Prescription Information (multiple doses)
2. FDA briefing documents (steady state)
3. Flanagan et al. Pharmacother 2014;34:240-50 (single dose)
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Tedizolid and murine S. aureus pneumonia (Craig's model)

Relationship between linezolid and 
tedizolid (TR-700) plasma 24 h
fAUC/MIC ratios and in vivo efficacy 
against multiple strains of S. aureus (5 
and 11) in a 24 h treatment

mean AUC24h/MIC
24h static dose 24 h 1-log kill

LZD 19.0 ± 11.4 46.1 ± 11.9

TZD 20.0 ± 12.9 34.6 ± 24.8

Lepak et al. Antimicrob Agent Chemother 2012;56:5916-5922.

Tedizolid

similar values when 
taking MIC into account
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Towards a breakpoint (FDA / EUCAST)
• A tedizolid AUC0-24h/MIC ratio of 15 was determined as the PK/PD target 

associated with the activity of tedizolid against S. aureus in the non-
neutropenic mouse thigh model of infection…1

a possible breakpoint ?

Calculation of the 
probability of reaching 
the necessary 
AUC/MIC ratio for 
increasing MICs in 
humans…

1. FDA briefing document: anti-infective drug 
advisory committee meeting
March 31, 2014
http://www.fda.gov/downloads/advisorycom
mittees/committeesmeetingmaterials/drugs/a
nti-
infectivedrugsadvisorycommittee/ucm39078
9.pdf
Last accessed: May 17, 2015

http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/anti-infectivedrugsadvisorycommittee/ucm390789.pdf


Tedizolid breakpoints… a matter of dispute?
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1 mg/L for S. aureus is 
resistant

1 mg/L for S. aureus is 
intermediate
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Intracellular pharmacokinetics and activity
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Activity of tedizolid towards intracellular 
bacteria

Lemaire et al. J Antimcrob Chemother 2009;64:1035-1043.
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Accumulation and activity of tedizolid in 
macrophages

Lemaire et al. J Antimcrob Chemother 2009;64:1035-1043.
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Tedizolid accumulates more in macrophages 
than linezolid in vitro

Accumulation of linezolid (LZD) and of torezolid (TR-700) in THP-1 macrophages 
(a) Uptake kinetics 
(b) Influence of the temperature (2 h incubation; blocks with different letters are 
significantly different from each other with p < 0.05) )

Lemaire et al. J Antimcrob Chemother 2009;64:1035-1043.
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Tedizolid is more active (4x) than linezolid 
against intracellular S. aureus

Concentration-dependent effects of linezolid (LZD) and torezolid (TR-700) towards 
S. aureus ATCC 25923 after phagocytosis by THP-1 macrophages or HUVECs 

(endothelial cells)

Lemaire et al. J Antimicrob Chemother 2009;64:1035–1043.
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Tedizolid is active intracellularly against MRSA 
disregarding resistance phenotypes (cfr+ for LZD)

Concentration-dependent effects of torezolid (TR-700) towards S. aureus with 
different resistance phenotypes after phagocytosis by THP-1 macrophages

MSSA
CA-MRSA
HA-MRSA
HA-MRSA
HA-MRSA LZDR

Lemaire et al. J Antimicrob Chemother 2009;64:1035–1043.
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Distribution of tedizolid in tissues
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Tedizolid accumulates in lung macrophages and 
epithelial lining fluid of healthy adult volunteers 

(200 mg dose)

free serum concentration

alveolar macrophages
epithelial lining fluid

Housman et al. ICAAC 2011; Poster A1-1747.
Houseman et al. Antimicrob Agent Chemother 2012;56:2627-34.
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Is tedizolid intracellular accumulation useful?

• The simple answer: if you accumulate, you could be active
• The pharmacologist's answer:

– No penetration  no activity (e.g. aminoglycosides in short term 
experiments)

– Accumulation  may not be necessarily correlate with activity (e.g. 
macrolides) but may help (e.g. telavancin, oritavancin, …)

– Subcellular bioavailability: this may be the critical point − drugs must be 
able to reach all targets (e.g. fluoroquinolones)

Tedizolid may share the properties of fluoroquinolones in showing:

• a significant accumulation (about 10-fold)

• a subcellular distribution that suggests a full subcellular bioavailability

• an activity against both phagolysosomal (S. aureus), phagosomal
(L. pneumophila) and cytosolic (L. monocytogenes) organisms  
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Tedizolid safety
(preclinical and "experimental human")
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Linezolid adverse effects

Zyvox US Prescribing Information, 2014.

• 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 
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Linezolid adverse effects

Zyvox US Prescribing Information, 2014.

• 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 
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Monoamine oxidase (MAO) substrate specificity

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

Consequences of
MAO-A
Inhibition

Serotonin
Syndrome

Hypertensive
crisis 

Elmer & Bertoni. Expert Opin Pharmacother 2008;9:2759–2772.
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Is serotonergic syndrome an important problem?

Boyer & Shannonl New Eng J Med 2005;352:1112–1120.
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This is what we tell the pharmacists in 
Belgium….
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Linezolid contraindications

Monoamine oxidase inhibitors
Drugs that elevate blood pressure
Serotonergic drugs

Precaution

Tyramine-containing food
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Tedizolid and monoamine-oxidase…
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Flanagan et al. Antimicrob Agent Chemother 2013;57:3060–3066.

Tedizolid at exposure up to 30x human equivalent 
exposure did not cause serotonergic response in mice

Lack of MAO interactions at multiples ~30-fold above therapeutic 
tedizolid clinical peak exposure in the model, 

while 1X linezolid produced ~5-fold increases over vehicle control
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Human data for blood pressure elevation

Flanagan et al. Antimicrob Agent Chemother 2013;57:3060–3066.
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Linezolid adverse effects

Zyvox US Prescribing Information, 2014.

• 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 
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Thrombocytopenia caused by linezolid may be more 
frequent than previously thought

Minson et al. Pharmacother 2010;30:895–903.
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Linezolid-induced thombocytopenia is indeed 
frequent ...

Minson et al. Pharmacother 2010;30:895–903.

Patients with thrombocytopenia

no yes grade 1-2 grade 3-4
435

(87.2%)
64

(12.8%)
38

(7.6%)
26

(5.2%)
grade 1: 75–99.9 x 103/mm3; grade 2: 50–74.9 x 103/mm3; 
grade 3: 20–49.9 x 103/mm3; grade 4: < 20 x 103/mm3.
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...and related to initial low platelet levels

Patients with thrombocytopenia

no yes grade 1-2 grade 3-4
435

(87.2%)
64

(12.8%)
38

(7.6%)
26

(5.2%)
grade 1: 75–99.9 x 103/mm3; grade 2: 50–74.9 x 103/mm3; 
grade 3: 20–49.9 x 103/mm3; grade 4: < 20 x 103/mm3.

Minson et al. Pharmacotherapy 2010;30:895-903

Minson et al. Pharmacother 2010;30:895–903.
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...and aggravated by renal failure…

Wu et al. Clin Infect Dis 2006;42:66–72.



5-11-2015 Anti-Infective Bayer Middle East Forum, Dubai, UAE 92

TEDIZOLID Phase I: platelets at 21 days*

* data from phase I study; 
treatment duration in phase III was limited to 6 days

Prokocimer P, et al. ICAAC/IDSA 2008; Poster F1-2069a.

Tedizolid 200 mg QD 
effects on hematologic 

parameters over 21 days 
were comparable to 

placebo
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Linezolid adverse effects

Zyvox US Prescribing Information, 2014.

• 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 
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• Linezolid clinical use has been associated with obvious signs of mitochondrial dysfunction 
(hyperlactatemia, metabolic acidosis)1

• There is evidence of alterations of mitochondrial ultrastructure, mitochondrial respiratory 
chain enzyme activity and mitochondrial DNA2

• Could the larger accumulation of tedizolid (shown on previous slides) be due to or 
be associated with a preferential accumulation in mitochondria? 

Lactic acidosis and mitochondria…

Accumulation of linezolid (LZD) and of torezolid (TR-700) in THP-1 macrophages 
(a) Uptake kinetics 
(b) Influence of the temperature (2 h incubation; blocks with different letters are significantly 
different from each other with p < 0.05) )

1. Apodaca & Rakita. New Engl J Med 2003;348:86-87.
2. De Vriese et al. Clin Infect Dis 2006;42:1111–7.
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Subcellular localization of tedizolid…

Das et al. ICAAC 2012; Poster A-1291.
Das et al. Clin Infect Dis 2014;58 Suppl 1:S51-7.
Flanagan et al. Antimicrob Agents Chemother 2015;59:178-85.
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Subcellular localization of tedizolid after 
isopycnic centrifugation…

Tedizolid subcellular distribution
in extract from J774 macrophages
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Das et al. ICAAC 2012; Poster A-1291.
Das et al. Clin Infect Dis 2014;58 Suppl 1:S51-7.
Flanagan et al. Antimicrob Agents Chemother 2015;59:178-85.

no stable
association
of tedizolid

to mitochondria



Highlights – Preclinical and PK/PD
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 Microbiology: 
 Higher potency than for linezolid in wild-type and in mutant MRSA strains

 Retains activity against cfr+ strains

 Pharmacokinetics
 Linear PKs, minimal accumulation and high oral bioavailability giving comparable 

exposure between IV and oral formulations

 Half-life (~10-11 hours) allows once-daily dosing

 High tissue concentrations in lung, adipose tissue and muscle
(without evidence of stable association with mitochondria)

 No dose adjustment required for special populations

 Safety

 no drug-drug interactions and lack of serotonergic effect

 Minimal effect on platelet counts 
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From here to “real world” clinical data 

For further information and contact 
about this presentation:

mail: tulkens@facm.ucl.ac.be

web: http://www.facm.ucl.ac.be

mailto:tulkens@facm.ucl.ac.be
http://www.facm.ucl.ac.be/
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Back-up
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Tedizolid and cidal activity in vivo
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Tedizolid is cidal in vivo …

Louie et al. Antimicrob Agent Chemother 2011; 55:3453-3460.
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Tedizolid and granulocytes in vivo
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Tedizolid cooperates with granulocytes in vivo

Tedizolid becomes cidal at low doses 
(equivalent to human 200 mg dose) in the 

presence of PMN

Drusano et al. Antimicrob Agent Chemother 2011; 55-5300-5305 
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Tedizolid vs daptomycin in vivo

 
  

 

TR-701

Linezolid

 
  

  

TR-701

Linezolid

Dose-Ranging Studies

Daptomycin 24 hrLinezolid

 Tedizolid has daptomycin-like “in vivo bactericidal” activity

 Linezolid at 160 mg/kg/day  did not achieve stasis in this model

Louie et al. Antimicrob Agent Chemother 2011; 55:3453-3460.
Data on file
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Tedizolid and granulocytes cooperate in vivo 
upon each administration

Killing progresses over 
time at each 
administration of 
tedizolid…

AUC24h = 20.1
(equivalent to humans
for a dose of 200 mg)

MIC = 0.5 mg/L

Drusano et al. Antimicrob Agent Chemother 2011; 55-5300-5305 
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Human pharmacokinetics: 
linearity over increasing doses (single and multiple doses)

Pharmacotherapy. 2013 Aug 7. doi: 10.1002/phar.1337. PMID: 23926058. 
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Tedizolid and penicillin-resistant S. pneumoniae
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And even with recent Chinese isolates

Zhao et al. ECCMID 2015; Poster P1318



As also with strains from Europe
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592 non-duplicate, non-consecutive isolates of S. aureus collected between 2009 and 2013 from patients with skin infections from 19 European countries 
(Austria, Belgium, Czech Republic, Denmark, France, Germany, Greece, Hungary, Ireland, Italy, Netherlands, Poland, Portugal, Romania, Russia, Spain, 
Sweden, Turkey, and the United Kingdom)

Goering et al. ECCMID 2015; Poster EP086. 
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Tedizolid human pharmacokinetics: 
ascending doses



Tedizolid elimination… 

• The majority of tedizolid elimination occurs via the liver (>80% of 
dose) as a tedizolid sulphate conjugate1

• Tedizolid sulfonation can occur both in the liver and the intestinal 
tract through several SULT isoforms (SULT1A1, SULT1A2, and 
SULT2A1)2

• SULT1A1 and SULT2A1 is highly expressed in liver and to a lesser 
extent in the small intestine2

• Polymorphisms in SULT isoforms catalysing tedizolid metabolism in 
vitro are not known to date to significantly change the elimination of 
drugs2
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SULT = sulfotransferase

1. Ong et al. Drug Metab Dispos. 2014;42:1275-84. 
2. Niehues et al. ECCMID 2015; Poster P1321.



Tedizolid metabolism… 
• The majority of tedizolid elimination occurs via the liver (>80% of 

dose) as a tedizolid sulphate conjugate
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Ong et al. Drug Metab Dispos. 2014;42:1275-84. 



How to determine which PK parameter 
is critical?

• If you fractionate the daily dose, you change Cmax without changing AUC24h
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Cmax

AUC24h = Dose24h / Clearance
AUC24h is independent of the schedule

0 6 18 2412



• If you increase the dose without change of schedule, you increase BOTH 
Cmax and AUC24h
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Cmax

AUC24h = Dose24h / Clearance
AUC24h is proportional to the dose

0 6 18 2412

How to determine which PK parameter 
is critical?



How do you do 
this with 

tedizolid?
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Louie et al. Antimicrob Agent Chemother 2011; 55:3453-3460.



What do you see?
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The correlation with 
f Cmax is not excellent

The correlation with 
f T > MIC is worse !

Louie et al. Antimicrob Agent Chemother 2011; 55:3453-3460.
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Tyramine sensitivity in humans

Linezolid1 Tedizolid2

Mean (SD) Tyr30 dose (mg) 136 (42) 339 (69)

Mean; Max Tyramine 
Sensitivity Factor (TSF) 3.48; 5.0 1.28; 2.1

Subjects with ≥2-fold 
TSF/total subjects 8/10 1/7

TSF =Tyramine Sensitivity Factor = (Tyr30 following Placebo or pretreatment)/(Tyr30 following TZD or LZD). 
Note: 2-fold increase in TSF is threshold for clinically meaningful change in response to tyramine. 1
1. Antal, et al. J Clin Pharmacol 2001; 41:552-562.
2. Study TR701-105
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Vasopressor (pseudoephedrine) interaction in 
humans

Mean (SD) Maximum SBP and SBP Changes (mm Hg)

Linezolid3 Tedizolid4

Mean 
Maximum 

SBP Change

Max SBP 
Value

Mean 
Maximum 

SBP Change

Max SBP 
Value

Pseudoephedrine 
alone/+ placebo 18 (9) 133 (17) 12 (6) 118 (10)

Pseudoephedrine + 
drug 32 (10) 151 (15) 11 (5) 119 (9)

Difference 14 18 -1 1

3.     Hendershot, et al. J Clin Pharmacol 2001; 41:563-572.
4.     Study TR701-114
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Is cellular accumulation of tedizolid of 
toxicological concern? 

Das et al. ICAAC 2012; Poster A-1291.
Das et al. Clin Infect Dis 2014;58 Suppl 1:S51-7.
Flanagan et al. Antimicrob Agents Chemother
2015;59:178-85.
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Summary of tedizolid non-clinical safety 
attributes

No Drug-Drug Interactions

No Safety Pharmacology Issues Identified

 No effects in pivotal cardiovascular, neurobehavioral, 
respiratory, or gastrointestinal systems

 No IKr or QTc signal with TR-700 at highest soluble dose

 No non-clinical genetic toxicology signals: Ames, Chrom Ab, 
Micronucleus, UDS

 No genotoxicity or reprotoxicity issues

 No effect on spermatogenesis

 No inhibition or induction of human hepatic cytochrome 
P450 activities at high concentrations

 No tyramine or noradrenergic "Pressor potentiation Effect" 
(vs significant effect for linezolid)

 No serotonergic effect in head twitch model
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