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Abstract The polymyxins are important antimicrobial agents against antibiotic-resistant gram-negative
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(<2 mg/L) and resistant (=4 mg/L). However, the European Committee on Antimicrobial Susceptibility

Testing recommended the use of clinical breakpoints of <2 mg/L as susceptible and >2 mg/L as resistant.

The first-line laboratorians and clinicians in China have been perplexed by the inconsistence of international

polymyxin clinical breakpoints and discouraged by the difficulty of conducting polymyxin susceptibility testing,

Therefore, it is urgently needed to make it clear for the laboratorians in China to know how to accurately carry

out polymyxin susceptibility testing and standardize the interpretation of susceptibility testing results. To this end,

the experts from relevant fields were convened to formulate this consensus statement on the testing and clinical

interpretation of polymyxin susceptibility. Relevant recommendations are proposed accordingly for laboratorians

and clinicians to streamline their daily work.

HE polymyxin antibiotics were firstly extract-
ed from the secondary metabolites of Bacil-
lus polymyxa in 1947. They are polypeptides
with antibacterial activity. Polymyxin was
introduced into clinical practice in 1959 for treatment
of the infections caused by gram-negative bacteria (GNB).
However, the incidence of nephrotoxicity and ongoing de-
velopment of various novel antimicrobial agents make it
gradually exit from clinical use. However, the large scale
inappropriate use of antimicrobial agents since the be-
ginning of the 20th century has resulted in ever increas-
ing level of antimicrobial resistance, which has become
a social issue threatening the health of human beings.
Especially, for the infections caused by carbapenem-re-
sistant Enterobacterales (CRE), carbapenem-resistant
Acinetobacter baumannii (CRAB), and carbapenem-re-
sistant Pseudomonas aeruginosa (CRPA), very limited
antimicrobial agents are available to deliver effective
treatment due to high level multi-drug resistance. The
polymyxins are therefore re-introduced into clinical use
as first-line antimicrobial treatment. The guidelines at
home and abroad have recommended polymyxins as one
of the important treatments for the infections caused by
carbapenem-resistant organism (CRO).

Currently, a number of controversies exist about
the performance and interpretation of polymyxin sus-
ceptibility testing. Broth microdilution (BMD) method
is the gold standard for testing the susceptibility of
polymyxins. However, it is very difficult for clinical
laboratories to use BMD method in daily practice. In
2020, the Clinical and Laboratory Standards Institute
(CLSI) modified the clinical breakpoints of polymyxins
by eliminating the “susceptible” interpretive category™
and adding comments to suggest reporting interme-
diate (<2 mg/L) and resistant (=4 mg/L) only. The
European Committee on Antimicrobial Susceptibili-
ty Testing (EUCAST) recommends the use of clinical
breakpoints of <2 mg/L as susceptible and >2 mg/L

as resistant,”®! but the United States Committee on
Antimicrobial Susceptibility Testing (USCAST) recom-
mends <2 mg/L (susceptible) and =4 mg/L (resistant)
as clinical breakpoints.®*! The inconsistence of inter-
national susceptibilitty testing breakpoints has greatly
perplexed the first-line laboratorians and clinicians in
China. It is therefore urgently needed to address the
issues about how to accurately conduct polymyxin sus-
ceptibility testing and standardize clinical interpreta-
tion of the testing results. For this purpose, a number
of experts in clinical microbiology, clinical pharmacol-
ogy, and clinical infectious diseases were convened to
discuss and reach consensus on these topics. Relevant
recommendations are proposed accordingly for labora-
torians and clinicians to streamline their daily work.

TERMINOLOGY AND DEFINITIONS

I. Antimicrobial susceptibility testing

1. Polymyxin

The polymyxin is the collective name for polymyxin B
and colistin (polymyxin E). It belongs to polypeptide
antibiotic, including polymyxin B sulfate, colistin sul-
fate, and colistimethate sodium (CMS) in current clini-
cal practice. Both polymyxin B sulfate and colistin sul-
fate exert antibacterial effect after administration and
direct distribution to blood circulation in active form.
CMS is a pro-drug, which is transformed into active in-
gredient colistin after absorption into body.

2. Colistin agar test (CAT)

Preparing Mueller-Hinton (MH) agar plates with in-
creasing concentrations of colistin to determine the
susceptibility of bacterial strains to colistin.

3. Colistin broth disk elution (CBDE)
Different number of colistin susceptibility testing disks
are incubated in tubes containing 10 mL cation-adjusted
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MH broth to achieve varying concentrations of colistin for
testing the susceptibility of bacterial strains to colistin.

4. Essential agreement (EA)

The percentage (%) of isolates producing MICs by the
method under evaluation that are within £ 1 doubling
dilution of BMD method.

5. Categorical agreement (CA)

The percentage (%) of isolates producing the same
category result (susceptible, intermediate, resistant)
as compared to the reference method.

6. Minor error (mE)

Intermediate result by reference method, but suscepti-
ble or resistant result by the method under evaluation
based on the same interpretive breakpoints.

7. Major error (ME)

Resistant result (false resistant) by the method under
evaluation but susceptible result by reference method
based on the same interpretive breakpoints (denomi-
nator is the number of susceptible isolates determined
by reference method).

8. Very major error (VME)

Susceptible result (false susceptible) by the meth-
od under evaluation but resistant result by reference
method based on the same interpretive breakpoints
(denominator is the number of resistant isolates deter-
mined by reference method).

II. Pharmacokinetics/pharmacodynamics

1. Area under the concentration-time curve from 0 to
24 hours at steady state (AUCg, 241)

The area under the concentration-time curve from 0 to
24 hours when steady state is reached following ad-
ministration of multiple doses represents the total drug
amount in blood circulation and reflects in vivo drug
exposure.

2. Population pharmacokinetics (PPK)
It combines classical pharmacokinetic (PK) model with
population statistical model (PSM) to examine the vari-
ation in PK properties, analyze the pattern of drug dis-
position in a population, the statistical distribution and
influencing factors of PK parameters.

3. Pharmacokinetics/pharmacodynamics (PK/PD)

Both PK and PD characteristics are considered when
studying antimicrobial agent by linking the concentra-
tion-time profile at the site of action to the effect to
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elucidate the time course of bacteriostatic or bacteri-
cidal effect of an antimicrobial agent at specific dose/
concentration and specified dosing regimen.

4. Minimum inhibitory concentration (MIC)

An indicator for measuring the potency of an antimi-
crobial agent. It is defined as the lowest concentration
of an antimicrobial agent that completely inhibits the
growth of a pathogen in vitro after culturing for 18 -
24 hours.

5. PK/PD index

Antimicrobial agents are generally classified into two
categories based on the bacteria-killing mode: concen-
tration-dependent or time-dependent. The bactericidal
effect of concentration-dependent antimicrobial agents
is associated with drug concentration. The higher the
concentration, the stronger the bactericidal effect.
The key PK/PD indices for such antimicrobial agents
are fC./MIC and fAUC/MIC. The bactericidal effect
of time-dependent antimicrobial agents is related to
drug concentration when the concentration is with-
in 4-8 times the MIC of the pathogens. However, the
bacteria-killing rate attains saturation when drug con-
centration is even higher beyond this range. In such
cases, the bactericidal effect is dependent on the time
when drug concentration exceeding MIC. The key PK/
PD index of time-dependent antimicrobial agents is
ST>MIC%. No or short post-antibiotic effect (PAE) is
demonstrated for some antimicrobial agents in this
category. In case of long PAE, the primary PK/PD index
is fAUC/MIC. It is important to note that PK/PD cate-
gory is not absolute or fixed.

6. PK/PD target
The target value of a PK/PD index which is required for
achieving bacteriostatic or bactericidal effect.

7. Probability of attainment (PTA)

PTA is defined as the probability (> 90% is required
generally) that PK/PD index reaches predefined target
value at a certain MIC level.

8. PK/PD cutoff value

The highest MIC value in case of PTA = 90% is regard-
ed as the PK/PD cutoff value of an antimicrobial agent.
This value is compared to MICs;, and MIC,, to evaluate
antimicrobial susceptibility.

9. Cumulative fraction of response (CFR)
Discrete MIC distributions are used to generate ran-
dom number of isolates to calculate the percentage of
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isolates for which PK/PD target value is reached in the
population of bacteria, so as to obtain the CFR of an
antimicrobial agent at each PK/PD target value.

10. Monte Carlo simulation (MCS)

A statistical method to examine the distribution pattern
of PK/PD index in a large population. The distribution
characteristics of PK and PD parameters are randomly
sampled. The random values generated are put into
the equation to calculate PK/PD index in order to learn
the distribution pattern and the PTA of PK/PD index.
Monte Carlo simulation is used to calculate the CFR
from the distribution of MIC values.

POLYMYXIN SUSCEPTIBILITY
TESTING METHODS

Both CLSI and EUCAST recommend the use of
BMD to determine polymyxin susceptibility. In 2020,
CLSI also adds recommendations to use CAT and CBDE
to test the susceptibility of Enterobacterales and P.
aeruginosa to colistin. Other antimicrobial susceptibil-
ity testing methods, including disk diffusion method,
E-test, and automated antimicrobial susceptibility
testing systems, are not recommended for detecting
polymyxin susceptibility, primarily due to the fact that
the high molecular weight of polymyxin prevents its
diffusion. As a result, these methods usually produce
higher VME (falsely report the resistant result by ref-
erence method as susceptible and result in clinical
treatment failure) in testing polymyxin susceptibility.
Published studies have indicated that apart from BMD,
other antimicrobial susceptibility testing methods pro-
duce a VME of 0-36% in testing overall population of
Enterobacterales, and a VME of 0 - 41.4% in testing A.
baumannii(Table 1).1**%

[Recommendations]

Clinical microbiology laboratories should fol-
low the following principles in testing polymyxin
susceptibility:

(1) The BMD method recommended by CLSI
and EUCAST should be the first choice for testing
bacterial susceptibility to polymyxin B and colistin.
The CAT and CBDE methods recommended by CLSI
are also appropriate for testing colistin susceptibility.

(2) The clinical lab-validated commercial
BMD plates or strips are second choice. The sta-
tus of registration to the Food and Drug Adminis-
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tration (FDA) and the testing concentration range
of such products should be learned before use.

(3) Antimicrobial concentration gradient
methods (disk diffusion method, E-test, etc.) are
not recommended for use in clinical laboratories.

(4) Automated instruments are not recommend-
ed routinely unless clear permission is obtained from
the manufacturer of the instrument/antimicrobial sus-
ceptibility plate/card and the performance of the sys-
tem is validated by clinical laboratory and meets the
clinical testing and reporting requirements. In some
specific situations, the potential risks of using auto-
mated instrument should be reported to clinicians.

(5) The quality control strains for polymyxin
susceptibility testing should include one suscepti-
ble strain (e.g., Escherichia coli ATCC25922 or P.
aeruginosa ATCC27853) and one resistant strain
(e.g., mcr-1-producing E. coli NCTC13846).

(6) The results of susceptibility testing are in-
terchangeable between polymyxin B and colistin.

POLYMYXIN BREAKPOINTS
AND CLINICAL EFFICACY

The antimicrobial susceptibility breakpoints should
be set scientifically by comprehensively considering epi-
demiological cutoff (ECOFF), PK/PD breakpoints, and
clinical breakpoints, as well as the mechanism of resis-
tance and clinical dosage/route of administration. Sev-
eral international organizations have published their
recommended polymyxin breakpoints. Hereinafter,
these breakpoints will be presented. The correspond-
ing ECOFF, PK/PD breakpoints, and clinical breakpoints
recommended in this consensus statement will also be
described and justified.

I. Current polymyxin breakpoints released by
international organizations

At present, the organizations including CLSI, EUCAST,
USCAST, and US FDA have published their polymyxin
breakpoints (Table 2). CLSI considers that polymyx-
in only produces limited clinical efficacy even when
the susceptibility results is “intermediate” based on
interpretive breakpoint. For this reason, CLSI strong-
ly recommends the use of alternative antimicrobial
agents instead of polymyxin in such cases. Even when
polymyxin is actually used, it should be combined with
one or more antimicrobial agents.™™ EUCAST insists on
its viewpoints about colistin breakpoints, i.e., colistin
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Table 1. Performance of different methods for testing polymyxin susceptibility

Testing method and organisms

Drug tested

Strains in terms of the indicated
BMD-MIC values, n (%)

Performance evaluation (%)

MIC <2 mg/L  MIC >4 mg/L EA CA VME ME
E-test
Enterobacterales Polymyxin B 220 (95.7) 10 (4.4) 95.6 99.1 20.0 0
Enterobacterales Polymyxin B ! 53 (69.7) 23 (30.3) 48.7 89.5 26.1 1.9
Enterobacterales Colistin 51 (67.1) 25 (32.9) 75 92.1 12 5.9
Enterobacterales Colistin [ 219 (67.4) 106 (32.6) 80.6 96.3 9.4 0.9
E. coli Colistin 48 (90.6) 5 (9.4) 92.5 96.2 40.0 0
K. pneumoniae Colistin 126 (61.2) 80 (38.8) 79.8 99 1.6 2.5
E. cloacae Colistin [ 23 (59.0) 16 (41.0) 72.2 87.2 25.0 4.3
P. aeruginosa Colistin 78 (100) 0 (0) 79.5 93.6 - 6.4
A. baumannii Colistin "1 2 (10.0) 18 (90.0) 55.0 65.0 38.9 0
A. baumannii Colistin 42 (100) 0 (0) 11.9 100 - 0
A. baumannii Polymyxin B 42 (100) 0 (0) 85.7 100 - 0
Disk diffusion method
Enterobacterales 1IE IE 1IE NA IE 1IE IE
P. aeruginosa Colistin 78 (100) 0 (0) NA 100 - 0
A. baumannii IE IE IE NA IE IE IE
BD Phoenix
Enterobacterales Colistin 219 (67.4) 106 (32.6) 76.1 92.0 24.5 0
E. coli Colistin ! 48 (90.6) 5 (9.4) - 98.1 20.0 0
K. pneumoniae Colistin 126 (61.2) 80 (38.8) - 96.1 10.0 0
E. cloacae Colistin ™ 23 (59.0) 16 (41.0) - 64.1 87.5 0
P. aeruginosa IE IE IE IE IE IE IE
A. baumannii Colistin 1 88 (75.2) 29 (24.8) 91.5 88.9 41.4 1.1
MicroScan
Gram-negative bacteria Colistin ™1 52 (28.1) 133 (71.9) 1E 91.9 0.8 26.9
Enterobacterales Colistin 44 (57.9) 32 (42.1) IE 88.2 4.0 15.8
Enterobacterales Colistin ™4 32 (21.9) 114 (78.1) IE 99.3 0 3.1
Non-fermentative organism Colistin ™ 20 (51.3) 19 (48.7) IE 64.1 5.3 65.0
Vitek 2
Enterobacterales Colistin 60 (75.9) 16 (24.1) 93.4 88.2 36.0 0
Enterobacterales Polymyxin B ! 47 (61.8) 29 (38.2) 96.1 94.7 3.7 6.1
Enterobacterales Colistin 219 (67.4) 106 (32.6) 75.9 90.5 29.2 0
E. coli Colistin [ 48 (90.6) 5 (9.4) - 94.3 60.0 0
K. pneumoniae Colistin [ 126 (61.2) 80 (38.8) 81.7 94.2 15.0 0
K. pneumoniae Colistin " 1(2.4) 40 (97.6) 75.6 100 0 0
E. cloacae Colistin 23 (59.0) 16 (41.0) - 66.7 81.3 0
P. aeruginosa IE IE 1IE IE IE IE 1IE
A. baumannii Colistin ™ 88 (75.2) 29 (24.8) 88.9 89.7 37.9 1.1
A. baumannii Colistin 42 (100) 0 (0) 26.2 100 - 0
A. baumannii Polymyxin B ! 42 (100) 0 (0) 57.1 100 - 0
Agar dilution method
A. baumannii Colistin 88 (75.2) 29 (24.8) 93.2 87.2 3.4 15.9
A. baumannii Colistin ™ 42 (100) 0 (0) 92.8 85.7 - 16.7
A. baumannii Polymyxin B ! 42 (100) 0 (0) 76.2 100 - 0
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Continued Table 1. Performance of different methods for testing polymyxin susceptibility

Colistin agar test

Enterobacterales Colistin 2 152 (43.7) 196 (56.3) 99.7 99.7 0.5
P. aeruginosa Colistin 2! 135 (91.2) 13 (8.8) 99.3 100 0
A. baumannii Colistin 2 60 (45.8) 71 (54.2) 88.5 92.3 14.3

Colistin broth disk elution
Enterobacterales Colistin 2 152 (43.7) 196 (56.3) 94.3 98.6 2.5 0
P. aeruginosa Colistin 2! 135 (91.2) 13 (8.8) 96.6 99.3 0 0.7
A. baumannii Colistin 2 60 (45.8) 71 (54.2) 93.1 95.4 5.6 3.3

BMD, broth microdilution method; MIC, minimum inhibitory concentration; EA, essential agreement; CA, categorical

agreement; VME, very major error; ME, major error; -, not available; NA, not applicable; IE, insufficient evidence.

breakpoint is <2 mg/L as susceptible, >2 mg/L
as resistant against Enterobacterales, Pseudomonas
spp., and Acinetobacter spp.) USCAST is consistent
with EUCAST in this respect by defining <2 mg/L as
susceptible, and =4 mg/L as resistant, but USCAST
does not recommend these breakpoints for lower re-
spiratory tract infection. In addition, as polymyxin B is
not eliminated in urine, the polymyxin B susceptibility
breakpoints are also not recommended by USCAST for
lower urinary tract infection.™

II . Epidemiological cutoff values

ECOFF is defined as the MIC value or inhibition zone
diameter for distinguishing the “wild-type” isolates
without either acquired resistance or resistant muta-
tion from the “non-wild-type” isolates with acquired
resistance or resistant mutation. ECOFF is the upper

limit of susceptibility for the population of “wild-type”
isolates, an important reference parameter when set-
ting clinical breakpoints. ECOFF is based on in vitro
susceptibility data. “Wild-type” is indicated when MIC
value <ECOFF, suggesting no acquired resistance and/
or resistant mutation, while “non-wild-type” is sug-
gested when MIC value > ECOFF, indicating presence
of acquired resistance and/or resistant mutation.
EUCAST has published the ECOFF values of poly-
myxins against various bacterial species based on the
antimicrobial surveillance data in multiple regions by
multiple organizations (Table 3). These ECOFF values
have contributed to the polymyxin breakpoints of CLSI
for Enterobacterales and EUCAST breakpoints for En-
terobacterales, Acinetobacter spp., and Pseudomonas
spp. It is not recommended to use ECOFF value direct-
ly in clinical practice to interpret the results of isolates

Table 2. Breakpoints of polymyxin susceptibility testing recommended by international organizations ™ 4

Enterobac-

- - - - - - <2 =>4 <2 >2 - <2 =4 - -
terales
P. aeruginosa <2 - >4 <2 4 >8 <2 >4 <2 >2 4 <2 >4 Re®  Re°
A. baumannii <2 - =>4 <2 - >4 <2 >4 <2 >2 - <2 =>4 N° N°

CLSI, Clinical and Laboratory Standards Institute; EUCAST, European Committee on Antimicrobial Susceptibility Testing;
USCAST, United States Committee on Antimicrobial Susceptibility Testing; USFDA, United States Food and Drug
Administration; S, susceptible; I, intermediate; R, resistant; ATU, area of technical uncertainty; -, not available. ®
recommended for colistin in case of lower respiratory tract infections; not recommended for polymyxin B in case of lower
respiratory tract infections and lower urinary tract infections; ® adopted the breakpoints of CLSI M100; © has not adopted
the breakpoints of CLSI M100 yet.

not
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as susceptible/resistant when corresponding break-
points are not available. However, ECOFF values can be
used to identify an isolate as polymyxin “wild-type” or
“non-wild-type”. This is important for proposing clinical
breakpoints and choosing effective antimicrobial agent.

M. PK/PD breakpoints and dosing regimen
optimization

1. PK/PD breakpoints

The polymyxins in clinical use include polymyxin B sul-
phate, colistin sulphate, and CMS. CMS is a prodrug,
the active ingredient of which is colistin, while colistin
sulphate and polymyxin B sulphate are administered
directly in its active form. Colistin and polymyxin B
show similar in vitro antibacterial activity, especially
against GNB. ' Polymyxins are concentration-de-
pendent antimicrobial agents without post-antibiotic
effect (PAE). The optimal PK/PD index of polymyxins is
SAUC/MIC.'*] The PK/PD target values of polymyxins
are derived from murine infection models. Polymyxin
treatment reduced CFU by 2-log,, for P. aeruginosa, A.

Table 3. The epidemiological cutoff values of polymyxin
for various bacterial species released by the European
Committee on Antimicrobial Susceptibility Testing (as of
July 2020)

Epidemiological cutoff

Species Cases
(ECOFF) value (mg/L)

E. coli 2.0 6014
Klebsiella aerogenes 2.0 266
Klebsiella oxytoca 2.0 405
K. pneumoniae 2.0 1805
E. cloacae 2.0 849
P. aeruginosa 4.0 19 482
A. baumannii 2.0 2879
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baumannii, and 1-log,, for K. pneumoniae in murine
hind limbs infection model. The PK/PD target values
required for both colistin and polymyxin B are < 20.
In case of K. pneumoniae infection, polymyxin B is un-
able to reduce the CFU by 2-log10. Significantly higher
PK/PD target values are required for colistin against
P. aeruginosa and A. baumannii in murine pneumonia
model than in murine thigh infection model (Table 4).
According to the above-stated PK/PD target
values of colistin and polymyxin B, Internation-
al Consensus Guidelines for the Optimal Use of the
Polymyxins in 2019 recommends the steady state
AUC of colistin (AUC,,4) should attain 50 (mg-h)/L,
corresponding to average plasma drug concentra-
tion at steady state (C,.) Of 2 mg/L;"™™ the steady
state AUC of polymyxin B (AUC,.1) should reach 50-
100 (mg-h)/L, corresponding to average plasma drug
concentration at steady state (Ce4n) Of 2-4 mg/L.[™®
CMS is primarily metabolized via kidneys. CMS
dosage should be adjusted when creatinine clearance
(CrCl) reduces. The results of PPK analysis of CMS in
critically ill patients have shown that in case of colis-
tin MIC <0.5 mg/L, CMS dosing regimen is 150 mg
or 180 mg [based on colistin base activity (CBA)]
g24h in the patients with normal renal function, which
is recommended by the European Medicines Agen-
cy (EMA),™ FDA,* and Nation et al., * or 150 mg
(based on CBA) g8h as recommended by Siriraj Hospi-
tal regimen. @ These dosing regimens can enable PTA
> 90% for the above-mentioned strains. In patients
with renal dysfunction, CMS dose should be reduced
according to CrCL.”*"! When colistin MIC against K.
pneumoniae is up to 2 mg/L, the dosing regimen (120
mg or 150 mg gq24h) recommended by EMA " and
Nation et al.?! can result in PTA > 90% only in the
patients with CrCl <10 mL/min. The PTA cannot reach

Table 4. The PK/PD (fAUC,,,/MIC) targets of polymyxins against various gram-negative bacteria

PK/PD target values required

Drug Animal model Species to achieve CFU reduction (medians)
1-logy 2-log,
Colistin™®! Murine thigh infection P. aeruginosa 6.6 - 10.9 7.4-13.7
Colistin*®! Murine thigh infection A. baumannii 3.5-13.9 7.4-17.6
Colistin™®! Murine pneumonia P. aeruginosa 43.3-57.9 51.8 - 105
Colistin(*®! Murine pneumonia A. baumannii 20.8 36.8
Polymyxin B™*” Murine hind limbs infection K. pneumoniae 3.7 - 28.0 /

CFU, colony-forming unit; PK/PD, pharmacokinetics/pharmacodynamics; MIC, minimum inhibitory concentration; f, the
free fraction of the drug in plasma; “/” indicates unable to achieve 2-log,, CFU reduction.
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90% in the patients with normal renal function or re-
nal impairment other than CrCl <10 mL/min (Table
5). The CFRs of different dosing regimens calculated
from the MIC distribution of colistin against the clinical
isolates of K. pneumoniae and E. coli in Thailand have
shown that in the patients with normal renal function,
only CMS regimen of 150 mg q8h as recommended
by Siriraj Hospital ¥ can result in CFR > 90% for
polymyxin-susceptible K. pneumoniae and E. coli. Any
dosing regimen is unable to make CFR > 90% for poly-
myxin-resistant K. pneumoniae and E. coli.'”® MIC,,
MIC,,, and CFR are associated with MIC distribution of
a bacterial population. Therefore, the local distribution
of polymyxin MIC against target organisms should be
considered when recommending dosing regimen for a
specific region.

PK/PD analysis indicates that dose adjustment
based on renal function is not required for polymyxin
B. However, PPK model study revealed that polymyxin
B elimination was associated with CrCl in patients with
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cystic fibrosis. MCS based on this model indicates that
the dose of polymyxin B should be increased in case of
augmented renal clearance (Table 6). ¥

2. PK/PD-based optimization of polymyxin dosing regi-
men

As for dosage of CMS injection, 1 million international
unit (IU) of CMS is equivalent to 80 mg CMS or 33 mg
CBA. Dose adjustment is required for CMS based on
renal function, so the recommended dose for intrave-
nous infusion is inconsistent among EMA,!" FDA,?"
product package insert for use in US, and the reported
studies.!*?**) The International Consensus Guide-
lines for the Optimal Use of the Polymyxins in 2019
recommend to use loading dose of 300 mg CBA (about
9 million IU) plus maintenance dose after 12-24 hours
when CMS is administered via intravenous infusion.
The maintenance dose is 300-360 mg CBA (9 - 10.9
million IU) per day given in two divided doses (q12h) in
patients with normal renal function. The renal function

Table 5. The PTA and CFR derived from recommended CMS dosing regimens in terms of varying renal function levels

Dosing regimen Sources

K. pneumoniae E. coli

PTA (%) PTA (%)

MIC5=0.5 MICyo=2

CFR CFR
MICs,=0.5 & MICy,=0.5

CrCl =80 mL/min

150 mg, q12h EMA,™! FDA 2
180 mg, g12h Nation 2!
150 mg, g8h Siriraj Hospital regimen *%
CrCl 51 to 79 mL/min
114 mg, q12h FDA 2%
150 mg, q12h Siriraj Hospital regimen,??) EMA,**!
! Nation 2!
CrCl 30 to 50 mL/min
150 mg, q12h FDA 2%
100 mg, q12h Siriraj Hospital regimen 22
110 mg, q12h Nation 2"
125 mg, q12h EMA [*9
CrCl 11 to 29 mL/min
60 mg, g24h FDA 2%
150 mg, g24h EMA, ™! Siriraj Hospital regimen®
180 mg, q24h Nation "
CrCl <10 mL/min
60 mg, g24h FDA 2%
120 mg, g24h EMA 9
150 mg, g24h Nation "

92.7 64.4 85.4 CR.7 90.4
97.9 69.2 87.9 97.9 92.3
98.7 79.7 92.0 98.7 95.1
96.0 72.0 €19, 96.0 94.1
97.3 78.3 92.7 97.3 95.8
97.6 71.1 91.3 97.6 95.6
98.9 85.7 95.7 98.9 97.9
99.0 87.4 96.4 99.0 98.2
99.2 89.8 97.2 99.2 98.5
96.3 56.2 86.3 96.3 97.9
99.7 89.4 97.4 99.7 99.6
99.6 89.3 97.4 99.6 ©e.e
99.5 77.1 94.5 99.5 100
99.9 94.9 98.9 99.9 100
100 97.4 99.5 100 100

CrCl, creatinine clearance; PTA, probability of target attainment; MIC, minimum inhibitory concentration; CFR, cumulative
fraction of response; CMS, colistimethate sodium; EMA, European Medicines Agency; FDA, Food and Drug Administration.

ql2h, every 12 hours; g24h, every 24 hours.



Vol. 36, No. 1

CHINESE MEDICAL SCIENCES JOURNAL 9

Table 6. The PTA derived from different polymyxin B dosing regimens in cystic fibrosis patients in terms of varying renal

function levels

PTA of different polymyxin B dosing regimens (%)

CrCl MIC
Gt (mg/L) 1.5 2.0 2.5 3.0 Loading dose
mg/(kg-d) mg/(kg-d) mg/(kg-d) mg/(kg-d) 2.5 mg/kg + 2.5 mg/(kg-d)

0.03125 100 100 100 100 100
0.0625 100 100 100 100 100
0.125 100 100 100 100 100

34 0.25 99.3 99.8 99.9 99.9 100
0.5 19.0 64.0 97.0 99.3 99.8
1 0.1 1.8 3.0 7.6 19.5
2 0 0 0 0.1 1.7

........................... 003125100100100100100

0.0625 100 100 100 100 100
0.125 96.0 99.0 100 100 100

105 0.25 69.0 84.0 92.0 96.0 99.0
0.5 15.0 38.0 57.9 70.0 81.0
1 0.1 0.2 7.0 15.0 35.0
2 0 0 0 0.1 1.7

........................... 003125100100100100100

0.0625 100 100 100 100 100
0.125 74.0 97.0 99.0 100 100

178 0.25 15.0 32.0 56.0 78.0 94.0
0.5 1.0 4.0 8.0 15.0 27.0
1 0 0 0.6 1 0
2 0 0 0 0 0

MIC, minimum inhibitory concentration; PTA, probability of target attainment; CrCl, creatinine clearance.

should be monitored every day. The dose of CMS
should be adjusted according to CrCl level.!*®

The dosage of polymyxin B sulphate injection is
slightly different in the package insert or consensus
guideline in different countries. The recommended
dosing regimens are as following:

«0.5-1 million IU per day, in two divided doses
(package insert of the manufacturer, Shanghai No. 1 Bio-
chemical and Pharmaceutical Co., Ltd, Shanghai, China).

+15000 - 25000 IU/ (kg-d), in two divided doses
(g12h), total dosage not higher than 25000 IU/ (kg-d)
in adults and children with normal renal function. The
highest dose is up to 40000 IU/ (kg-d) in infants with
normal renal function (package insert of manufacturer
X-GEN Pharmaceuticals, US).

« For critically ill patients, a loading dose of 2.0 -
2.5 mg/kg (20 000-25 000 IU/kg) by IV infusion over
1 hour should be used and followed by maintenance
dose of 1.25-1.5 mg/kg (12 500-15 000 IU/kg), q12h,
by IV infusion over 1 hour in case of normal renal

function (International Consensus Guidelines for the
Optimal Use of the Polymyxins in 2019).8

The PTA results at varying dose levels are pre-
sented in Table 7. Polymyxin B 100 mg gql2h can
result in PTA > 90% for the isolate in case of MIC <
0.5 mg/L whether loading dose is used or not. ! It is
important to note that the total daily dose of polymyx-
in B should not exceed 200 mg/d in order to reduce
adverse events and improve treatment compliance.

[Recommendations]

As for optimization of dosing regimen, therapeutic
drug monitoring is recommended for polymyxins
to obtain PK profile of the drug in the specific pa-
tient for designing a tailored treatment regimen
targeting the MIC of the pathogenic isolate.

IV. Clinical use and efficacy of polymyxins in
different types of infection
The clinical efficacy of polymyxin combined with other
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Table 7. The PTA derived from recommended polymyxin B dosing regimens at indicated MIC levels
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* [26]

Dosing Body weight PTA at indicated MIC level (%)
regimen (kg) 0.125 mg/L 0.25 mg/L 0.5 mg/L 1 mg/L 2 mg/L 4 mg/L 8 mg/L
100 mg g12h
50 100 100 100 39.1 2.0 0.2 0
75 100 100 99.9 24.7 1.1 0.1
110 100 100 94.3 16.5 0.8 0
1 mg/kg TBW g12h
50 100 100 39.1 2 0.2 0
75 100 100 82.1 7.7 0.3
110 100 100 97.6 24.4 0.2 0.1
1.5 mg/kg TBW g12h
50 100 100 93.5 10.7 0.3 0
75 100 100 99.7 40.2 2.1 0.1
110 100 100 100 74.7 7.6 0.3
Loading dose 2.5 mg/kg + 100 mg q12h
50 100 100 100 61.3 3.1 0.2
75 100 100 100 81.3 8.2 0.3
110 100 100 100 93.1 16.8 0.9
Loading dose 2.5 mg/kg + 1.5 mg/kg TBW q12h
50 100 100 100 45.0 2.0 0.2
75 100 100 100 85.5 9.0 0.3
110 100 100 100 98.2 26.8 1.5 0.1

MIC, minimum inhibitory concentration; PTA, probability of target attainment; q12h, every 12 hours; TBW, total body
weight. *The target value of AUC,.,,/MIC at exposure of 50 (mg-h)/L.

antimicrobial agents in CRO infections is associated
with the site of infection and responsible pathogens.®”
In patients with bloodstream infection caused by
KPC-producing K. pneumoniae, polymyxin B combined
with amikacin® or CMS combined with tigecycline
and meropenem™ was associated with lower mortal-
ity compared with monotherapy. A multicenter, retro-
spective study found that in patients with bloodstream
infection caused by pandrug-resistant A. baumannii,
CMS-based combination therapy showed significantly
higher bacterial eradication rate, lower hospitalization
rate, lower in-hospital mortality rate, and higher 14-
day survival rate and cure rate than CMS monothera-
py.2% CMS combined with a carbapenem or sulbactam
or tigecycline did not show significant difference in
treatment efficacy, but combination with sulbactam
was better.?% Polymyxin is recommended to combine
with one or more antimicrobial agents in treating CRO
bloodstream infection.”]

CMS combined with fosfomycin was favorable
for increasing bacterial eradication rate, reducing the
incidence of acute kidney injury (AKI), and mortality
rate in treating the pulmonary infections caused by
CRAB," while CMS combined with meropenem (MIC >

8 mg/L) was effective only in reducing the incidence of
AKI.*? For the ventilator-associated pneumonia (VAP)
caused by multidrug-resistant GNB (MDR-GNB), CMS
(MIC < 2 mg/L) via aerosol inhalation and intravenous
administration as add-on therapy to intravenous imi-
penem did not show significant difference in clinical
cure rate, but aerosol inhalation could reduce AKI in-
cidence rate, improve oxygenation index, shorten the
time to bacterial eradication, and earlier withdrawal of
ventilator.”*! A meta-analysis indicates that compared
to intravenous CMS, intravenous administration com-
bined with aerosol inhalation of CMS increased clinical
efficacy rate by 57%, increased bacterial eradication rate
by 61%, and reduced infection-attributable mortality
rate by 42% in treating the VAP caused by MDR-GNB.?"
Study also reported that aerosol inhalation of CMS alone
resulted in clinical success rate of 70.4% and bacterial
eradication rate of 71.3% in treating the respiratory tract
infections caused by MDR/extensively drug-resistant
(XDR)-GNB (mainly A. baumannii and P. aeruginosa)
strains.”® It is recommended to use intravenous antimi-
crobial agent in combination with aerosol inhalation of
polymyxins in treating pulmonary infections caused by
MDR-GNB, but intravenous administration combined with
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aerosol inhalation of polymyxins for treating the pulmo-
nary infections caused by XDR-GNB.!*”

Intravenous combined with intraventricular CMS
showed better efficacy than intravenous CMS alone in
treating the ventricular meningitis after neurosurgery
caused by XDR A. baumannii, and no chemical menin-
gitis was observed.®! Meta-analysis demonstrates that
intraventricular/ intrathecal use of polymyxins (CMS or
polymyxin B) alone or combined with intravenous infu-
sion of antimicrobial agents are effective in managing
the ventriculitis or meningitis caused by MDR-GNB, but
may induce dose-dependent chemical meningitis.”*”
Polymyxins are recommended for intraventricular or
intrathecal use to treat the ventriculitis or meningitis
caused by CRO.”

CMS is primarily eliminated in urine. The drug is
partly transformed to colistin in urine, so it is useful
for the treatment of urinary tract infections.”® In a
small sample study, CMS (0.25 mg/L < MIC <2 mg/L)
achieved clinical cure rate of 93.9% and microbio-
logical eradication rate of 82.6% in treatment of the
urinary tract infections caused by XDR P. aeruginosa
(XDR-PA).P%" CMS is recommended for treatment of
the urinary tract infections caused by XDR-GNB.*”

Polymyxins are primarily used to treat CRO in-
fections, and usually after failure to respond to other
treatments. Polymyxin B (MIC <2 mg/L) -based com-
bination therapy can significantly increase bacterial
eradication rate and reduce patient mortality rate
when given to treat bloodstream infections within 48
hours.”” In the patients undergoing renal replacement
therapy, polymyxin B =200 mg/d could reduce 30-day
mortality rate.'*"! Insufficient dose (15 000 IU/kg-d),
inadequate duration of treatment, and not combined
with sulbactam might lead to polymyxin B treatment
failure in severe bacteremia or pneumonia caused by
MDR A. baumannii (MDR-AB).*?! The correlation be-
tween polymyxin MIC values and clinical efficacy is not

Table 8. Polymyxin susceptibility testing report
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clear yet. Further clinical study is required to clarify
the correlation.'*?! It is recommended to use sufficient
dose at early stage, combination therapy, and ade-
quate treatment duration of polymyxins to target CRO
infections. Aerosol inhalation is appropriate for manag-
ing pulmonary infections. Intrathecal/ intraventricular
injection is a treatment option for central nervous sys-
tem infections.

The nephrotoxicity of polymyxin B is relatively
lower. Polymyxins are associated with an incidence of
nephrotoxicity of 7.1% to 40.5%.%**“*" The nephro-
toxicity can be recovered after treatment discontinua-
tion. Polymyxin combined with other nephrotoxic drugs
can increase AKI risk, " but combined with vitamin C
can reduce nephrotoxicity.”>**! Polymyxin B may have
other toxicities, such as neurotoxicity (5.6%),!**"]
skin pigmentation (8.1%),*>**! electrolytes distur-
bance,* diarrhea, epilepsy,””! respiratory depres-
sion,”! and bronchospasm induced by aerosol inhala-
tion.[*!

RECOMMENDATIONS FOR REPORTING
AND INTERPRETATION OF POLYMYXIN
SUSCEPTIBILITY TESTING

I. Clinical breakpoints of polymyxin susceptibility
testing

In addition to polymyxin ECOFF and PK/PD break-
points, the actual clinical efficacy of polymyxins should
be analyzed. This consensus statement recommends
adopting current breakpoints (< 2 mg/L as suscepti-
ble, = 4 mg/L as resistant) of EUCAST and USCAST
as our clinical breakpoints of polymyxins susceptibility
testing for Enterobacterales, P. aeruginosa, and A.
baumannii.

II.Reporting format of polymyxin susceptibility
testing (Table 8)

MIC breakpoint (mg/L)¢

Microorganism Antimicrobial agent = Comment
Enterobacterales ® Colistin or polymyxin B° =>4 Comments must be attached to
P. aeruginosa =>4 the results of polymyxin
A. baumannii >4 susceptibility testing

MIC, minimum inhibitory concentration. ® The Morganaceae (including Proteus spp., Morganella spp., Providencia spp.)

and Serratia marcescens strains in Enterobacterales are constitutively resistant to polymyxins. Polymyxin susceptibility

test is not necessary for such strains. ° The results of colistin and polymyxin B susceptibility testing are equivalent and
interchangeable.  Reliable methods must be used to determine the MIC of polymyxins.
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II. Principles and key points of comments on the
reporting of polymyxin susceptibility test

1. Avoid inappropriate polymyxin use

(1) Polymyxins are mainly used to treat the infec-
tions caused by XDR Enterobacterales, A. baumannii,
and P. aeruginosa;

(2) Polymyxins should be used cautiously due to
nephrotoxicity; renal function should be monitored dy-
namically during treatment; meanwhile, efforts should
be made to avoid combination with other nephrotoxic
drugs.

2. Improve clinical efficacy of polymyxins

(1) Maximal loading dose should be used when pre-
scribing polymyxins and to combine with one or two
other in vitro active antimicrobial agents;

(2) Therapeutic drug monitoring should be put in
place if appropriate; it is recommended to maintain
the average steady state plasma concentration within
the range of 2 - 4 mg/L for polymyxin B, at 2 mg/L for
colistin.

IV. Recommendations for treating infections of
special sites

1. Comments targeting VAP and hospital acquired
pneumonia (HAP)

Aerosol inhalation of polymyxins is recommended
to combine with intravenous polymyxins for treating
pneumonia caused by XDR strains.

2. Comments targeting central nervous system infec-
tions

Daily intraventricular or intrathecal injection of poly-
myxin B (5 mg or 50000 IU) or CMS (10 mg based on
CBA) is recommended as add-on therapy to intrave-
nous administration for managing CRO infections.

3. Comment targeting lower urinary tract infections
Polymyxin B is not recommended.
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