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What is (exactly) colistin in its active form ?

• A cyclic amphipathic polycationic peptide with a short aliphatic side chain

• which interacts with the lipopolysaccharide (LPS) of the outer membrane 
of Gram-negative bacteria, triggering a "self-promoted uptake" process 

• and displaces Ca++ and Mg++, which further destabilizes microbial outer 
membranes and helps conferring more specificity towards procaryotic cells
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Colistin and its prodrug
active compound - polycationic

Prodrug – inactive – blocked aminogroups

must be hydrolyzed to act -- has a lesser toxicity and a faster elimination --
conversion is spontaneous in aqueous media … and complicates PK studies

Colistin methane sulfonate - colistimethate

Li et al. AAC 2003; 47:1364-1370 – Bergen et al. AAC 2006; 1953-1958
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Colistin : conversion from the prodrug

CMS Colistin

Occurs in vitro and in vivo in aqueous media

• critical for activity

• need for specific assay and careful sample handling 
(PK/PD studies)

• colistin sulfate should be used for in vitro susceptibility testing
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Colistin: mg and units …

International units
(IU)

Colistin base activity
(CBA)

1 Mio IU =80 mg CMS = 30 mg CBA
2 Mio IU = 160 mg CMS = 60 mg CBA
3 Mio IU = 240 mg CMS = 90 mg CBA

240 mg CBA = 400 mg CMS
2 Mio IU = 160 mg CMS = 60 mg CBA
3 Mio IU = 240 mg CMS = 90 mg CBA

Common daily dose: 9 Mio IU
(270 mg CBA)

Common daily dose: 5 mg/kg/day
(300 mg CBA = 10 Mio IU)~
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Colistin around the world

IU

IU

CBA

IU CBA

CBA

CBA
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Colistin: mg and units : what about Vietnam ?

International units
(IU)

Colistin base activity
(CBA)

1 Mio IU =80 mg CMS = 30 mg CBA
2 Mio IU = 160 mg CMS = 60 mg CBA
3 Mio IU = 240 mg CMS = 90 mg CBA

240 mg CBA = 400 mg CMS
2 Mio IU = 160 mg CMS = 60 mg CBA
3 Mio IU = 240 mg CMS = 90 mg CBA

Common daily dose: 9 Mio IU
(270 mg CBA)

Common daily dose: 5 mg/kg/day
(300 mg CBA = 10 Mio IU)
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The absence of new antibiotics has led to a growing reliance on older, more toxic drugs such as colistin, but 
resistance to these is already arising. ChiroACCESS Mini-review, 27 April 2011; http://www.chiroaccess.com

• colistin : a reminder
• antimicrobial activity
• pharmacokinetics/pharmacodynamics
• toxicodynamics
• current use and perspectives



25-10-2013 WBI - HUP cooperation - Bach Mai Hospital, Hanoi, Vietnam 11

Colistin Microbiology: lysis of bacteria

Koike et al. J. Bacteriol. 1969; 97:448-452
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Colistin microbiology 

• About 10 x more active against Gram-negative than Gram-positive 
bacteria 

– inactive against Burkholderia cepacia, Serratia, Proteus, Bacteroides 
fragilis … and most Gram-negative cocci 
[inherent resistance]; 

– synergism with most antibiotics (increase in their penetration

• Bactericidal 

• Marked inoculum effect 

• Loss of susceptibility of pre-exposed bacteria

• MIC values highly dependent upon technique used 
– poor diffusion through agar

– microdilution is preferred but influence by the inoculum, sticking on 
plastic)



25-10-2013 WBI - HUP cooperation - Bach Mai Hospital, Hanoi, Vietnam 13

Issues in testing susceptibility to colistin

• CMS is a prodrug  test colistin sulfate

• Colistin is a mixture of colistin A and B 
– USP standard: colistin B

– Sigma reagent colistin A

• Activity depends on calcium concentration

• Colistin sticks to plastic ..
– Do not add any detergent to avoid adsorption, this effect is taken 

into account since MIC have been determined in plastic plates fro 
PK/PD measures

• Colistin in agar: do not use, as calcium content not optimally 
controlled in MHagar; poor diffusion
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Do all the methods tell you the same thing ?
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Do all the methods tell you the same thing ?

Hindler et al, J Clin Microbiol, 2013 Jun;51(6):1678-84. 
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Current EUCAST and CLSI breakpoints

species EUCAST CLSI

S  R > S  
 

R

Enterobacteriaceae 2 2 2 8
Acinetobacter 2 2 2 4

Pseudomonas 4 4 2 8

PK/PD validation still in process…suggest to use epidemiological cut-off
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Two typical EUCAST MIC distributions for colistin

Resistance !
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Two typical EUCAST MIC distributions for colistin

Resistance !
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Two typical EUCAST MIC distributions for colistin

Resistance !
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Susceptibility to colistin in Asia

Mendes et al, AAC (2013) 57: 5721–5726
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• current use and perspectives
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Colistin disposition

Li et al. Lancet Infect. Dis. 2006; 6:589-601
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Colistin disposition

Li et al. Lancet Infect. Dis. 2006; 6:589-601

R. Nation,
ICAAC 
2011
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Colistin pharmacokinetics in CF patients after 
treatment with colistin methane sulfonate

Patients with
160 mg TID 


 

2 x 106 Units)
for > 2 days

Colistin methane sulfonate
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Colistin pharmacokinetics in CF patients after 
treatment with colistin methane sulfonate

Patients with
160 mg TID 


 

2 x 106 Units)
for > 2 days

Colistin methane sulfonate
Colistin (active form)
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Population pharmacokinetics of colistin 
in critically-ill patients

Dosage (colistine methane 
sulfonate [CMS]): 240 mg 
(3 x 106 U ) every 8h 

CMS 
• t1/2 ~ 2.3 h,

Colistin: 
• t1/2 ~ 14.4 h. 
• Cmax (pred.) 

•1st dose: 0.60 mg/L
• s.s.: 2.3 mg/L.

1st dose

4th dose

CMS colistin

CMS colistin

Plachouras et al. Antimicrob Agents Chemother. 2009; 53:3430-6

Conclusions: Colistin long 
half-life and insufficient 
plasma concentrations before 
steady state suggest the 
necessity of a loading dose …
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Colistin regeneration depends on the brand!

CMS colistin

Comparison of PK profile in rats for 4 brands

He et al, JAC (2013) 68: 2311-17
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Colistin pharmacokinetics : current clinical data

• open-label population PK study (2 centers in US; 1 in Thailand)
• 105 patients (February 2009 - July 2010)
• 12 with HD, 4 with CRRT (3 CVV hemodialysis; 1 CVV hemofiltration)
• physician-selected doses: 75 to 410 mg/day colistin base (2.2 to 12.5 x 106 U)/day
• dosage intervals: 8 to 24 h,
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Population pharmacokinetics of CMS and colistin 
in normal, HD, and CCRT patients

CMS formed 
colistin

normal patient

hemodialysis

CCRT
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Current dosing recommendations (*): 1 of 3

*   after Garonzik et al. Antimicrob. Agents Chemother. (2011) 55:3284-3294
**  33 mg colistin base = 80 mg colistimethate = 1 x 106 U 
*** 275 mg CBA for loading dose = 8.3 x 106 U

a Expressed as mg of colistin base (**) activity (CBA) for various categories of critically ill 
patients. The suggested maintenance daily dose would commence 24 h after administration of 
a CMS loading dose. 

Example: To target a colistin Css,avg of 2.5 mg/liter, a 55-kg patient with a CrCL of 40 
ml/min/1.73 m2 would receive a loading dose of 275 mg CBA (***) followed in 24 h by 
commencement of a maintenance regimen of 225 mg CBA/day in 2 to 3 equally divided doses.

b Colistin Css,avg target is expressed in mg/liter. This target should be based on MIC, site, and 
severity of infection.

c Use the lower of ideal or actual body weight, expressed in kg. At this time, we suggest caution 
in the use of a loading dose greater than 300 mg CBA
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Current dosing recommendations (*): 2 of 3

*   after Garonzik et al. Antimicrob. Agents Chemother. (2011) 55:3284-3294
**  33 mg colistin base = 80 mg colistimethate = 1 x 106 U 
*** 275 mg CBA for loading dose = 8.3 x 106 U

d Based upon the population PK analysis for 101 critically ill patients not on continuous renal 
replacement therapy. Colistin Css,avg target expressed in mg/L.

Creatinine clearance (CrCL) expressed in ml/min/1.73 m2. Although the Jelliffe equation was used 
to estimate CrCL in this study, other means (e.g., Cockcroft and Gault equation) may be used to 
estimate CrCL which would then be normalized to a body surface area of 1.73 m2. 

in patients with CrCL values  70 ml/min/1.73 m2 or when targeting a “high” colistin Css,avg, both 
being circumstances where the algorithm may predict daily doses of CBA substantially greater 
than the current upper limit in the product label.
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Current dosing recommendations (*): 3 of 3

*   after Garonzik et al. Antimicrob. Agents Chemother. (2011) 55:3284-3294
**  33 mg colistine base = 80 mg colistimethate = 1 x 106 U 
*** 275 mg CBA for loading dose = 8.3 x 106 U

e Based upon use of equation 10 and setting CrCL to zero.

f Supplemental dose of CMS to achieve a similar colistin Css,avg on a HD day as occurs on a non- 
HD day. It is assumed that the hemodialysis session occurs toward the end of a CMS dosage 
interval.

g Based on the population PK analysis for 4 critically ill patients receiving continuous renal 
replacement therapy.
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Colistin pharmacodynamics in vitro
Time kill curves against A. baumanii

• concentration-dependence
• must be 8 x the MIC to become 

optimal at 4h
• must be 64 x the MIC to avoid 

regrowth
• modest post-antibiotic effect (see data 

in paper)

Owen et al. JAC 2007; 59:473-477
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Colistin pharmacodynamics in vitro

Poudyal et al. JAC 2008; 62:1311-1318
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Colistin and inoculum effect

colistin concentration (mg/L)

low inoculum (

 

in vitro testing)

high inoculum (

 

in vivo

The extent and rate of killing of P. aeruginosa by colistin were markedly 
decreased at high CFUo compared to those at low CFUo. 
Bulita et al. Antimicrob. Agents Chemother. (2010) 54:2051-2062 
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Colistin pharmacodynamics and resistance

Bergen et al. JAC 2008; 61:636-642

Population analysis of P. aeruginosa after exposure to colistin modeling:

5 mg/kg divided in 3 admin. (TID) 5 mg/kg in one admin (qD)

less-susceptible organisms
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Colistin pharmacodynamics in vitro: 
conclusions

These recent elegant studies confirm what early investigators 
had already observed, namely that colistin

• Displays a high and fast bactericidal effect 
(named today: concentration-dependent antibiotic)

A loading dose to reach quickly max. bactericidal effect is 
essential 

• But that its activity vanishes after even transient exposure 
(named today: heteroresistance and/or persistence of less 
susceptible isolates, or adaptative resistance)

colistin needs to be administered several times a day to avoid 
regrowth
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Colistin pharmacodynamics in vivo

Bergen et al, Cur.Op. Pharmacol. (2011), 11:464–469

Tigh infection model - Pseudomonas

Activity is depending on the free AUC  optimize the daily dose

Emax at fAUC/MIC = 40



25-10-2013 WBI - HUP cooperation - Bach Mai Hospital, Hanoi, Vietnam 39

An application in humans: 
Asian study in Thailand

First International Conference on polymyxins, Prato, Italy, 2013
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An application in humans: 
Asian study in Thailand
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An application in humans: 
Asian study in Thailand
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An application in humans: 
Asian study in Thailand
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An application in humans: 
Asian study in Thailand
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An application in humans: 
Asian study in Thailand
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An application in humans: 
Asian study in Thailand
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Colistin synergy: the rationale (1 of 3)

• Gram-negative bacteria have two membanes (OM and IM)
• Antibiotic targets are most often located in the IM or intracellularly
• Most antibiotics must at least pass across the OM to reach their 

target, which may represent a limiting step

-lactam

PBP

DNA gyrase ribosome

aminoglycoside
fluoroquinolone
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Colistin synergy: the rationale (2 of 3)

• Gram-negative bacteria have also efflux systems defeating the 
passage of drugs across the OM and explaining the low activity of 
many antibiotics (intrinsic resistance) and the so-called "adaptative" 
resistance (aminglycosides)

-lactam
fluoroquinolone

PBP

DNA gyrase ribosome

aminoglycoside



25-10-2013 WBI - HUP cooperation - Bach Mai Hospital, Hanoi, Vietnam 48

Colistin synergy: the rationale (3 of 3)

• Disrupting the OM (as colistin does) will facilitate access of the other 
antibiotics to their targets

• This may apply EVEN to antibiotics for which the bateria are resistant 
(if due to OM impermeability/efflux phenomenon)

-lactam

PBP

DNA gyrase ribosome

aminoglycoside
fluoroquinolone



25-10-2013 WBI - HUP cooperation - Bach Mai Hospital, Hanoi, Vietnam 49

Colistin synergy in vitro and P. aeruginosa

Aoki et al. JAC 2009; 63:534-542 

colistin alone
at increas. conc.

colistin at fixed 
conc. (1 x MIC) plus 

0.5 MIC of 

none

amikacin

cipro

imipenem
rifampicin

Souli et al. AAC 2009; 2133-2135:
• Synergy / Improved activity if susceptible to both agents or to colistin only
• Antagonism frequent if colistin-insensitive
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Is it used in the clinics ?

Survey performed in 2011 (284 respondents from 56 different countries) 

Wertheim et al, Journal of Global Antimicrobial Resistance (Epub)
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Is it used in the clinics ?

Ongoing clinical trials are evaluating the interest of combinations in practice

Example: NIH-10065: 
colistin/placebo vs colistin/imipenem for MDR Gram-negative bacilli

• HAP/VAP, bloodstream infections
• primary outcome: mortality at day 28
• secondary outcomes: bacterial eradication & toxicity

 objectives
• efficacy of the combination ?
• risk of resistance ?
• relationship between plasma level, microbiological eradication and toxicity
• relationship between in vitro synergism and clinical outcomes ?
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Contents of the presentation
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Colistin gross toxicology

• Colistin methanesulfonate is about 50 to 100 X less toxic in LD50 
evaluations than colistine sulfate

• Renal toxicity (polymyxin B << other polymyxins)
– Up to 20 % of patients in early trials

– Occurs after 4 days of treatment

– Acute tubular necrosis (can progress after drug discontinuation)

– Related to overdosage (obese ! Oliguric renal failure if  if doses 
higher than recommended are used)

• Neurotoxicity:
– Giddiness, numbness, paresthesia, peripheral neuropathy

– Confusion, coma, psychosis at large doses

– Neuromuscular blockade (paralysis) related to doses but other 
contributing factors
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Colistin nephrotoxicokinetic is complex…

Li et al. Lancet Infect. Dis. 2006; 6:589-601 (modified)

intra-urinary hydrolysis into 
colistin
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Colistin nephrotoxicokinetic is complex…

Li et al. Lancet Infect. Dis. 2006; 6:589-601 (modified)

A) high kidney function toxicity may increase

intra-urinary hydrolysis into 
colistin
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Colistin nephrotoxicokinetic is complex…

Li et al. Lancet Infect. Dis. 2006; 6:589-601 (modified)

B) low kidney function

toxicity may 
also increase

intra-urinary hydrolysis into 
colistin
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Colistin nephrotoxicity

Kasiakou et al. AAC 2005; 49:3136-3146
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Meta-analysis of 13 published studies
[by Mical Paul; Tel Aviv University, Israël]

IV colistin vs comparators - mortality in sepsis

First International Conference on polymyxins, Prato, Italy, 2013

Adjusted OR 1.79 (95% CI 1.35-2.36)
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Meta-analysis of 13 published studies
[by Mical Paul; Tel Aviv University, Israël]

IV colistin vs comparators – mortality in  pneumonia

Adjusted OR 1.60 (95% CI 0.94-2.72)
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OR 0.47 (95% CI 0.23-0.96)

Meta-analysis of 13 published studies
[by Mical Paul; Tel Aviv University, Israël]

IV colistin vs inappropriate antibiotics - mortality
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Meta-analysis of 13 published studies
[by Mical Paul; Tel Aviv University, Israël]

Overall toxicity: 15 % (12 studies)
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Ongoing clinical trials

• Efficacy: vs carbapenems

• Combinations: with carbapenems 
rifampin 
fosfomycin

• Inhalation: IV vs IV+ inhalation for VAP/HAP

• Prevention of toxicity by ascorbic acid
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A few problems…

• Pharmaceutical aspects:
– uncertainties about the composition and strengths of the medicinal 

product offerings
• Microbiology:

– High risk of failures by loss of bacterial susceptibility 
(regrowth and development of resistance)

• Preclinical safety:
– Uncertain and incomplete animal safety testing

• Preclinical assessment of efficacy:
– Incomplete and often unconvincing pharmacokinetics/pharmacodynamic 

parameters
• Clinical safety:

– Uncertainties about the true human nephrotoxic potential and definite 
risk of emergence of resistance

• Clinical effectiveness:
– incomplete clinical development 

If colistin had to be submitted for registration today …
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if colistin is you last option …

• A repeated dosage of 3 Mio IU = 240 mg CMS = 90 mg CBA) every 
8h is probably the best option …

• A loading dose (6-9 Mio IU = 480-720 mg CMS = 160-240 mg CBA) 
is essential 

• Never use it in monotherapy … (meropenem, doripenem, … even if 
non-susceptible)

• Test for susceptibility on a repeated fashion …
• Monitor the renal function and adjust by decreasing the dose and 

prolonging the interval …
• Remember that this is a last resource drug which should be put back 

on the shelf as soon as possible… and should not have left in the 
first place !
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