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* This lecture will mainly esameine linezolid as it is the only approved oxazolidinone with large clinical use so far; see last  slides for some other oxazolidiinones 
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Why adjusting the posology of oxazolidinones ? 

• Is this proposed by the linezolid SmPC ?
• No ! 

Dosages are always fixed and unique …
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Source: “Résumé  des catactéristiques  du Produit” (Summary of Product Characteristics (SMpC)
BEL 19J23 – Last update: 12/2019 (the Belgian SmPC is similar to that of most EU countries)
available from http://bijsluiters.fagg-afmps.be/DownloadLeafletServlet?id=106619

http://bijsluiters.fagg-afmps.be/DownloadLeafletServlet?id=106619


Why adjusting the posology of oxazolidinones ? 

• What about special populations ? … 
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But is the situation satisfactory ? 

• Concerning efficacy
• Few problems because MIC’s remain very low …
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Pfaller et al. Antimicrob Agents Chemother 2016;60:5393–5399 – PMID  27353270.

https://www.ncbi.nlm.nih.gov/pubmed/?term=27353270


But is the situation satisfactory ? 

• Concerning efficacy
• Few problems because MIC’s remain very low …
• But what about emergence of cfr+ resistance and ribosomal mutations ?
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Locke et al. Antimicrob Agents Chemother 2010;54:5337-5343 – PMID: 20837751

http://www.ncbi.nlm.nih.gov/pubmed/?term=20837751


But is the situation satisfactory ? 

• Concerning efficacy
• Few problems because MIC’s remain very low …
• But what about emergence of cfr+ resistance and ribosomal mutations ?
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Locke et al. AAC 2010;54:5337-5343



But is the situation satisfactory ? 

• Concerning efficacy
• Few problems because MIC’s remain very low …
• But what about emergence of cfr+ resistance and ribosomal mutations ?
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Bender et al. Drug Resist Updat. 2018;40:25-39. doi:10.1016/j.drup.2018.10.002

In vitro, most VRE remain susceptible to last-resort 
antibiotics such as linezolid, tigecycline and 
daptomycin…. 

… reports on resistance to these last-resort drugs in VRE, 
and enterococci in general, have increased in recent 
years. 



But is the situation satisfactory ? 

• Concerning efficacy
• Few problems because MIC’s remain very low …
• But what about emergence of cfr+ resistance and ribosomal mutations ?
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Bender et al. Drug Resist Updat. 2018;40:25-39. doi:10.1016/j.drup.2018.10.002

In vitro, most VRE remain susceptible to last-resort 
antibiotics such as linezolid, tigecycline and 
daptomycin…. 

… reports on resistance to these last-resort drugs in VRE, 
and enterococci in general, have increased in recent 
years. 

But can we safely increase 
the dose of linezolid ? 



But is the situation satisfactory ? 

• Concerning toxicity, a main side effect is thrombocytopenia…
The SmpC seems favourable …
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What may be a reality 
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What may be a reality… 
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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 & Gentry. Pharmacotherapy 2010;30:895-903 - PMID: 20795845

https://www.ncbi.nlm.nih.gov/pubmed/?term=20795845
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What may be a reality … 
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Could linezolid blood levels be variable ? 
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Could linezolid blood levels be variable ? 
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Could linezolid blood
levels be variable ? 
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Could linezolid blood
levels be variable ? 
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Results: 

• A high variability of serum linezolid concentrations was 
observed…

• range of AUC24h:  50.1 to 453.9 mg/L, 

• range of Cmin < 0.13 to 14.49 mg/L

• potentially subtherapeutic linezolid concentrations
(AUC24h < 200 mg*h/L and Cmin < 2 mg/L) for 63% and 
50% of the patients, respectively. 

• potentially toxic levels (AUC24h > 400 mg*h/L and Cmin
> 10 mg/L) 7/30 the patients (23%).



What could be the response ? 

• Give more ?
• Give less ?
• Give something else ?
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What could be the response ? 

• Give more ?
• Give less ?
• Give something else ?
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Give what is needed   Do therapeutic monitoring



Why do we monitor an antibiotic ?

• For activity
• If different dosages are approved

• If activity is related to a specific pharmacokinetic parameter
• If activity is (frequently) insufficient in some (many ?) patients 

• For toxicity
• If toxicity is of real issue clinically … aka  “use limiting”
• If toxicity is dose-related

• If mitigating * measures can be taken 
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* To mitigate = to make something less harmful, unpleasant, or bad



Example:  1. aminoglycosides for efficacy and toxicity
• For activity

• different dosages approved ?
• activity is related to a specific 

pharmacokinetic parameter ?
• activity (frequently) insufficient in 

some (many) patients  ?

• For toxicity
• toxicity limits the use of the drug

• dose-related  toxicity ?

• prevention or mitigation possible ?

Not really

YES !!

YES !!

Dosage optimization!!
AUC24h/MIC (daily dose !)
Cmax/MIC (unit dose !)

YES !!

YES but…

YES  and …

Increase dosage / Revise bkpts
Once daily dosing
Avoid elevated through levels
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Cmax no toxicity 
if short...

Cmin  toxicity 
if protracted *

* lasting for a long time or longer than expected or usual.



Example:  2. vancomycin for efficacy
• For activity

• different dosages approved ?
• activity is related to a specific 

pharmacokinetic parameter ?
• activity (frequently) insufficient in 

some (many) patients  ?

Not really

YES !!

YES !!
AUC24h/MIC (daily dose !)

Should be ≥ 400Since “AUC24h is daily dose/clearance”
Vancomycin can be administered 

by continuous infusion
For an MIC of 1.5 mg/L
 AUC24h = 600
 Cs = 25 mg/L over 24h
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Vancomycin by continuous infusion: means and SD…
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Targetting 27 mg/L

Seems 
fine after 
4 days …

Underestimation 
of true 

vancomycin 
clearance



Vancomycin by continuous infusion: the reality ... for each patient
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Targetting 27 mg/L SD for al samples



Vancomycin by continuous infusion: 
Large inter- and intrapatients variations 

Causes and consequences

• Analytical errors  Unlikely because seen with different 
techniques and different laboratories
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Vancomycin was dosed based on calculated glomerular filtration rate (GFR)  

• Wrong equation to calculate GFR  Unlikely because no systematic error

• Wrong equation to calculate vancomycin 
true clearance from GFR

 Partial possible explanation but would 
mainly cause inter-patients variations

• Rapid changes in vancomycin PK 
parameters (Vd, clearance, …) due 
patient’s instability and not taken into 
account by a dailyGFR measurement

 Most likely explanation…



Linezolid: defining what governs efficacy
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Andes et al. Antimicrob Agents Chemother. 2002 Nov;46(11):3484-9. doi: 10.1128/aac.46.11.3484-3489.2002. 
PMID: 12384354; PMCID: PMC128755



Linezolid: defining what governs efficacy
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Andes et al. Antimicrob Agents Chemother. 2002 Nov;46(11):3484-9. doi: 10.1128/aac.46.11.3484-3489.2002. PMID: 12384354; PMCID: PMC128755



Linezolid: defining what governs efficacy
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Andes et al. Antimicrob Agents Chemother. 2002 Nov;46(11):3484-9. doi: 10.1128/aac.46.11.3484-3489.2002. PMID: 12384354; PMCID: PMC128755

• S. pneumoniae: 24-h AUC/MIC ratio of 48.3 ± 29)
is necessary for efficacy

• S. aureus: a mean 24-h AUC/MIC of 82.9 ± 57
ratios is required to produce a net static effect. 1

This microbiologic outcome in this infection model 
correlates with clinical and microbiologic efficacy in 
humans.2 (7).

Based upon a pharmacodynamic goal of achieving a 
24-h AUC/MIC ratio of 50 to 80, the linezolid 
regimen of 600 mg given twice daily in humans 
would be successful against organisms with MICs of 
up to 2 to 4 mg/L.

1 linezolid is bacteriostatic towards S. aureus but bactericidal for S. 
pneumoniae

2 Craig, & Andes. Pediatr. Infect. Dis. J. (1996) 15:255–259.



Linezolid: defining what governs emergence of resistance 
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Boak et al. Antimicrob Agents Chemother. 2007 Apr;51(4):1287-92. doi: 10.1128/AAC.01194-06. 
Epub 2007 Jan 22. PMID: 17242144; PMCID: PMC1855482.



Linezolid: defining what governs emergence of resistance 
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Boak et al. Antimicrob Agents Chemother. 2007 Apr;51(4):1287-92. doi: 10.1128/AAC.01194-06 Epub 2007 Jan 22. PMID: 17242144; PMCID: PMC1855482.

CFU after 72 h incubation (S. aureus)

600 mg BID

continuous infusion
120 mg/day

In vitro model 
Human exposures

• The simulation with 600 mg q12h provided a >3-
log10 reduction in the number of CFU/ml for all 
5 of S. aureus (not shown) and complete 
eradication (no survinig bacteria)

• The 120-mg-q12h regimen was effective but 
caused the emergence of strains with increased 
MICs (hVISA and VISA strains), perhaps due to 
low AUC/MIC (23)

 The potential for resistance development
appears to be higher when a constant 
concentration is maintained in the vicinity of the 
MIC of the bacteria ( peaks are important !)



Linezolid: a complex modelling for toxicity
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Boak et al. Antimicrob Agents Chemother. 2014;58(4):2334-43. doi: 10.1128/AAC.01885-13. Epub 2014 Feb 10. PMID: 24514086; PMCID: PMC4023770.



Linezolid: a complex modelling for toxicity ...
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Boak et al. Antimicrob Agents Chemother. 2014;58(4):2334-43. doi: 10.1128/AAC.01885-13. Epub 2014 Feb 10. PMID: 24514086; PMCID: PMC4023770.



... and thoughful analysis of doses-realated effects on platelets....
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Boak et al. Antimicrob Agents Chemother. 2014;58(4):2334-43. doi: 10.1128/AAC.01885-13. Epub 2014 Feb 10. PMID: 24514086; PMCID: PMC4023770.



... and interesting mechanistic aspects and of risk factors  ...
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Boak et al. Antimicrob Agents Chemother. 2014;58(4):2334-43. doi: 10.1128/AAC.01885-13. Epub 2014 Feb 10. PMID: 24514086; PMCID: PMC4023770.

Inhibition of synthesis of platelet precursor cells
was identified as the most likely mechanism of toxicity... 

Shorter therapy (5 to 7 days) was predicted to be 
substantially safer than longer treatment durations.

Front-loaded dosage regimens were predicted to be at least 
as safe as a standard regimen of 600 mg every 12h.

Baseline platelet counts and therapy durations > 10 days 
were the most important predictors of linezolid toxicity... 



... But eventually only vague recommendations for monitoring
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Boak et al. Antimicrob Agents Chemother. 2014;58(4):2334-43. doi: 10.1128/AAC.01885-13. Epub 2014 Feb 10. PMID: 24514086; PMCID: PMC4023770.

In view of 
• the demonstrated increased risk of 

toxicity for therapies ≥ 2 weeks, 
• the large variability in PK and TD,
close monitoring of patients for 
ddevelopment of toxicity remains
important ...

What do we 
do, now ?



What do you do then ? …
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Don’t do that  ….



Looking for dose-thresholds... 
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Srivastava et al. Antimicrob Agents Chemother. 2017 Jul 25;61(8):e00751-17. 
doi: 10.1128/AAC.00751-17. PMID: 28584143; PMCID: PMC5527615.
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Srivastava et al. Antimicrob Agents Chemother. 2017 
Jul 25;61(8):e00751-17. 
doi: 10.1128/AAC.00751-17. PMID: 28584143; 
PMCID: PMC5527615.

Looking for dose-thresholds in dosis ... 



Monitoring for safety: a well conducted study 
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Is there a relation between linezolid toxicity and drug exposure  ?
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Two cases …



Is there a relation between linezolid toxicity and Cmin ?
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Is there a relation between linezolid toxicity and AUC24h ?
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Is there a relation between linezolid toxicity and Cmin ?
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Linezolid monitoring for safety: a first proposal…
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Our study suggests that TDM could represent a 
valuable approach in optimizing linezolid exposure in 
the majority of patients. 

Proactive TDM of linezolid may be beneficial either 
in preventing or in recovering from dose-dependent 
thrombocytopenia, even when treatment lasts for 
more than 28 days. Larger prospective studies are 
warranted to confirm our findings. 



Linezolid monitoring: trying to optimise both efficacy and safety
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Dou et al. Int J Infect Dis. 2020 Jul;96:105-111. doi: 10.1016/j.ijid.2020.03.054. Epub 2020 Apr 3. PMID: 32251797

What could be the PK/PD targets ?

• For efficacy: Ssuccessfully predicted by the AUC24/MIC ratio (should be of 80–120) or %T >MIC > (should be 85%) in 
seriously ill patients1 (but AUC24/MIC  >120.5 in critically ill patients to achieve 80% staphylococcal eradication)2

• For safety: High linezolid exposure and elevated through levels are linked with a higher frequency of 
thrombocytopenia3,4

1 Rayner et al. Pharmacokinetics 2003;42(15):1411–23.
2 Dong et al. Int J Antimicrob Agents 2016;48(3):259–64.2
3 Matsumoto et al. Hnt J Antimicrob Agents 2014;44(3):242–7.
4 Boak et al. Antimicrob Agents Chemother 2014;58(4):2334–43.



Linezolid monitoring: efficacy
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Dou et al. Int J Infect Dis. 2020 Jul;96:105-111. doi: 10.1016/j.ijid.2020.03.054. Epub 2020 Apr 3. PMID: 32251797

1. Logistic model of the bacterial eradication rate

2. Covariates



Linezolid monitoring: efficacy
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Dou et al. Int J Infect Dis. 2020 Jul;96:105-111. doi: 10.1016/j.ijid.2020.03.054. Epub 2020 Apr 3. PMID: 32251797

3. PK/PD attainment rate



Linezolid monitoring: efficacy
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Dou et al. Int J Infect Dis. 2020 Jul;96:105-111. doi: 10.1016/j.ijid.2020.03.054. Epub 2020 Apr 3. PMID: 32251797

4. Population PK/PD attainment rates (Monte-Carlo simulation)



Linezolid monitoring: safety
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Dou et al. Int J Infect Dis. 2020 Jul;96:105-111. doi: 10.1016/j.ijid.2020.03.054. Epub 2020 Apr 3. PMID: 32251797

Logistic model for the main side-effect

* thrombo-cytopenia is the most common haemostatic
disorder during sepsis and it is associated with high 
mortality1-3

1 Semeraro et al. Crit Care Med 2018;46(3): e221–8.
2 Koyama et al. PLoS One 2018;13(1)e0192064.
3 Rhodes et al. Crit Care Med 2017;45(3):486–552.



Linezolid monitoring: safety
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Dou et al. Int J Infect Dis. 2020 Jul;96:105-111. doi: 10.1016/j.ijid.2020.03.054. Epub 2020 Apr 3. PMID: 32251797

Logistic model for the main side-effect

The current results showed that 
• a AUC24/MICof 100, puts the probability of thrombocytopenia at 23.5%
• For a AUC24 >243 mg h/L, the probability of thrombocytopenia was 

>50%. 
in accordance with previous data1-3

1 Pea et al. J Antimicrob Chemother 2012;67(8):2034–42.
2 Dong et al. Eur J Clin Microbiol Infect Dis 2014;33(6):1029–35. 
3 Zoller et al. Crit Care 2014;18(4):R148.



Linezolid monitoring: combining efficacy and safety ?
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Dou et al. Int J Infect Dis. 2020 Jul;96:105-111. doi: 10.1016/j.ijid.2020.03.054. Epub 2020 Apr 3. PMID: 32251797

Try to combine

An  AUC24h/MIC of 100 < 100  if wishing to bring the probability of
thrombocytopenia to < 23.5%

An AUC24h/MIC of at least 100 to eradicate and prevent the emergence of 
resistance

Le mariage de l’eau et du feu ... ?

https://www.jepense.org/eau-feu-alchimie/

https://www.jepense.org/eau-feu-alchimie/


Linezolid monitoring: another recent proposal ...
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Rao et al. Ther Drug Monit. 2020 Feb;42(1):83-92. doi: 10.1097/FTD.0000000000000710. PMID: 31652190.



Linezolid monitoring: a proposal
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Rao et al. Ther Drug Monit. 2020 Feb;42(1):83-92. doi: 10.1097/FTD.0000000000000710. PMID: 31652190.



A final message …
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I may feel 
better if 

monitored 
….

But two questions  ... 
What about othetr oxazolinones approved for systemic use ? 

Wxhat about about oxazolinones under development and intende d for systemuic use ?
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Tedizolid*

 Tedizolid: 200 mg / once a day / 6 days (ABSSSI only approved indication in EU in 2020)

The second oxazolidinone approved for systemic use ...

• For toxicity: unlikely because of the once a day schedule and short duration of approved treatment (6 days) 

 But this may change if prolonged treatements are used...  
(pneumonia, bone infections, endocarditis ...) 

• For activity: probably because the low dose proposed by the regsitarnt may not meet with a possible rise in MICs 
upon larger use of oxazolidinones (mainly linezolid) triggered by the avialbility of cheap generics
 Current MICs go up to 0.5 mg/L in wild type strains ...1

which corresponds to the currently approved tedizolid breakpoint in Europe2

1. See EUCAST tedizolid MIC distributions  and epidemiological Ecoff vallues (https://www.eucast.org ) 
2. See European Summary of Poroduc chatacteristics  

(available from https://www.ema.europa.eu/documents/product-information/sivextro-epar-product-information_en.pdf l; ast update: 27 Nov 2020) 
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(R)-3-(3-fluoro-4-(6-(2-methyl-2H-tetrazol-5-yl)pyridin-3-yl)phenyl)-5-(hydroxymethyl)oxazolidin-2-one

* Discovery: Dong A, (South Korea); Developement: Trius (USA); commercilization: Cubist (USA) and Bayer(Germany)  Merck (USA) 

https://www.eucast.org/
https://www.ema.europa.eu/documents/product-information/sivextro-epar-product-information_en.pdf
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Another oxazolidinone in late stage of development for systemic use...

MRX-I (Contezolid)  - MicuRx Pharmaceuticals Inc.
Développed sspecifically with the attenuation of myelotoxicity and monoamine oxidase inhibition in mind
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(S)-5-((isoxazol-3-ylamino)methyl)-3-(2,3,5-trifluoro-4-(4-oxo-3,4-dihydropyridin-
1(2H)-yl)phenyl)oxazolidin-2-one

• For efficay: likely 
• Schedule and doses or development: 800 mg BID (sligthly > than linezolid; important PK variations)1

• Potential EU breakpoint: tarrget attainment study suggests that eradication of offending organisms may fail 
if MICs are > 2 mg.L, wjile the current highest MICs’ are 1 to 2 mg/L)2

 same reasons as for linezolid

• For safety: probably essential to fully document the claimed better safery than linezolid in spite of PK variations (phase 
I study had too few subjects to yield significant results; a phase III trial is ongoing [preliminary results (n=405): 25.4 vs. 2.5 % of patients with 30% 
reduction in platelets counts for linezolid vs contezolid])3.

1 Li et al. Clin Ther. 2020 May;42(5):818-829. doi: 10.1016/j.clinthera.2020.03.020. Epub 2020 May 7. PMID: 32389326.
2 Carvalhaes et al. Antimicrob Agents Chemother. 2020 Oct 20;64(11):e01195-20. doi: 10.1128/AAC.01195-20. PMID: 32778552; PMCID: PMC7577137.
3 “MicuRx reports favorable results of phase 3 trial of contezolid in China” https://www.ns-healthcare.com/news/micurx-contezolid-china/; last visited: 1 Jan-2020

https://www.ns-healthcare.com/news/micurx-contezolid-china/
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Oxazolidinones in late stage of development for tuberculosis (*)

TI45: matches linezolid’s potency in vitro, but minimizes selection of drug-resistant mutants

AZD5847 (posizolid): improves on the in vitro anti-tuberculosis activity of linezolid, both intracellular and 
extracellularly. 
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* The excellent activity of owxazolidinones against M. tuberculosis (includ. its intracellular forms, has been known since the discovery of the very first compounds 
in this class  of antibiotics1 but has not been pursued by the registration holders of linezolid and tedizolid for drug positionning reasons. 

For tubercuosis, a lower dose (500 mg once a day) of linezlid is often used, which may explain why long-term toxicity is rather rare, making monitorin unecessary.  
However, a recent study documented that serum levels shoud be moniotored to maintain a peakk ar aeound 12–26 µg/mL for efficacy and at a through <2 µg/mL 
to reduce drug-induced toxicity.2

1 Ashtekar et al. Diagn Microbiol Infect Dis. 1991 Nov-Dec;14(6):465-71. doi: 10.1016/0732-8893(91)90002-w. PMID: 1802533.
2 see next slides
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Oxazolidinones in tuberculosis

Alghamdi et al. Antimicrob Agents Chemother. 2020 Sep 21;64(10):e01174-20. doi: 10.1128/AAC.01174-20. PMID: 32778547; PMCID: PMC7508612.
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Oxazolidinones in tuberculosis:pharmacokinetics

Study data sets and patients. 
• drug-susceptible TB (DS-TB) (n=19) given 

600 mg of linezolid once or twice daily 
(24). 

• patients with MDR-TB (n=69) enrolled in 
a prospective observational study given 
600 mg of linezolid daily 

• retrospective study (sparse clinical 
samples) (n=16) given from 300 to 600 
mg once daily.

 Actual values vs oredictibe check (base 
on model)

BLOQ values are simulated  values when data fro patient 
could not be recorded. 

Alghamdi et al. Antimicrob Agents Chemother. 2020 Sep 21;64(10):e01174-20. doi: 10.1128/AAC.01174-20. PMID: 32778547; PMCID: PMC7508612.
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Oxazolidinones in tuberculosis: MIC distribution and likely ECOFF (*)

A likey ECOFF for linezolid against 
M. tuberculosis is proposed by the 
authors to be 0.5 mg/L !

* Epidemiological cut-off values (ECOFF) and tentative epidemiological cut-off values (TECOFF)
ECOFFs (and TECOFFs) distinguish microorganisms without (wild type) and with phenotypically detectable acquired 
resistance mechanisms (non-wild type) to the agent in question. The epidemiological cut-off value is shown in the tables 
and the bottom left-hand corner of each MIC and zone diameter graph. TECOFFs (ECOFFs in parentheses) are based on 3 
or 4 distributions and ECOFFs on at least 5 and up to 100 or more distributions (source: https://www.eucast.org )

Alghamdi et al. Antimicrob Agents Chemother. 2020 Sep 
21;64(10):e01174-20. doi: 10.1128/AAC.01174-20. PMID: 32778547; 
PMCID: PMC7508612.

But the ECOFF has bot 
yet been set by 

EUCAST and could be 1 
mg/L ! 

ECOFF 

https://www.eucast.org/
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Oxazolidinones in tuberculosis: target attainment rates
Assuming 
• that linezolid must sucessfully cover oganisms with 

an MIC up to 0.5 mg/L (?) 
• that a reasonable PK/OD target for efficacy is the 

percentage of time beween sucessive 
administrations esnuring a linezolid concentration 
above  the MIC of 90% (%T>MIC = 90) 

 a dosing regimen of 300 mg daily will likely 
not be effective

 dosing regimens of 900 and 1,200 mg daily 
have comparable efficacies

900 mg may be a better option given its likely 
reduced toxicity compared to 1,200 mg. 
 The probability of achieving a Cmin of 2 mg/liter was

higher when the daily dose was given at once instead of 
splitting it into two doses (not shown here)

This suggests that once-daily dosing of 900 mg/day could be the best dosing strategy for 
linezolid. However, this dose should be increased if maximal MICs reach 1 mg/L !

Alghamdi et al. Antimicrob Agents Chemother. 2020 Sep 
21;64(10):e01174-20. doi: 10.1128/AAC.01174-20. PMID: 32778547; 
PMCID: PMC7508612.
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