Drug Design, Development and Therapy

Dove

ORIGINAL RESEARCH

Optimal Empiric Polymyxin B Treatment of
Patients Infected with Gram-Negative Organisms
Detected Using a Blood Antimicrobial
Surveillance Network in China

Xingbing Wu'
Chen Huang?
Hui Wang?
Jinru Ji 3
Chaoqun Ying
Yonghong Xiao?

3

'Department of Infectious Disease,
Ningbo Medical Center Lihuili Hospital,
Ningbo, People’s Republic of China;
2Department of Respiratory Medicine,
Ningbo Medical Center Lihuili Hospital,
Ningbo, People’s Republic of China;
3State Key Laboratory for Diagnosis and
Treatment of Infectious Disease,
Collaborative Innovation Center for
Diagnosis and Treatment of Infectious
Diseases, The First Affiliated Hospital,
College of Medicine, Zhejiang University,
Hangzhou, People’s Republic of China

Correspondence: Chen Huang
Department of Respiratory Medicine,
Ningbo Medical Center Lihuili Hospital,
Ningbo, 315000, People’s Republic of
China

Email drhchen@163.com

Yonghong Xiao

State Key Laboratory for Diagnosis and
Treatment of Infectious Diseases,
Collaborative Innovation Center for
Diagnosis and Treatment of Infectious
Diseases, The First Affiliated Hospital,
College of Medicine, Zhejiang University,
Hangzhou, 310003, People’s Republic of
China

Tel +865 718 723 6421

Email xiao-yonghong@|63.com

Background: Few pharmacodynamics studies to date have evaluated the efficacy and safety of
polymyxin B (PMB) in treating patients with bloodstream infections (BSIs) in China.
Methods: Patients with BSIs were identified using an antimicrobial surveillance network,
and their pathogens were isolated. Patients were treated with a loading dose of PMB
followed by either a weight-based or weight-independent maintenance dose. Monte Carlo
simulation was utilized to calculate the probability of target attainment (PTA) and cumulative
fraction of response (CFR) against Gram-negative organisms in patients with normal or
decreased renal function.

Results: A total of 10,066 Gram-negative organisms, including 5500 Escherichia coli
(Eco), 2519 Klebsiella pneumoniae (Kpn), 501 Acinetobacter baumannii (Aba), were
isolated from patients with BSIs. Although these strains were highly resistant to
carbapenem, they remained susceptible to PMB. Among patients with renal impairment
(mean CrCL, 42 mL/min), a PMB 2.5 mg/kg loading dose followed by a maintenance
dose of 60 mg ql12h reached >90% PTA against isolates with an MIC of 2 mg/L, with
a low risk of toxicity. Among patients with normal renal function (mean CrCL,
123 mL/min), all simulated regimens showed PTAs of 25-80%. A weight-based loading
dose followed by either a weight-based or weight-independent maintenance dose
showed a promising CFR, especially in patients with renal impairment, with CFRs
>90% against carbapenem-resistant Eco, Kpn, and Aba. Simulated regimens showed
a disappointing CFR (<80%) against carbapenem-resistant Pae in patients with normal
renal function. Based on the optimal balance of efficacy and toxicity, a fixed main-
tenance dose of 60 mg ql2h among patients with renal impairment yielded a CFR
similar to regimens based on total body weight and was associated with a probability of
toxicity (12.5%) significantly lower than that of simulations based on total body weight.
Among patients with normal renal function, a weight-based maintenance dose of
1.25 mg/kg ql2h achieved a higher CFR than a fixed maintenance dose, without
significantly increasing toxicity.

Conclusion: A 2.5 mg/kg loading dose of PMB is optimal, regardless of renal function.
A fixed maintenance dose of 60 mg q12h is recommended for empirical treatment of patients
with renal impairment infected with Eco, Kpn, and Aba, whereas a weight-based mainte-
nance dose of 1.25 mg/kg is recommended for patients with normal renal function.
Keywords: polymyxin B, carbapenem-resistant gram-negative organisms, bloodstream
infection, Monte Carlo, toxicity
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Introduction

The widespread dissemination of bacterial strains resistant to
antimicrobial treatment has posed a serious threat to public
health.! Disappointing clinical outcomes have been observed
in patients with bloodstream infections (BSIs) with multidrug-
resistant or carbapenem-resistant organisms.> Data from the
China Antimicrobial Surveillance Network (CHINET) have
revealed significant increases in the rates of resistance of
Klebsiella pneumoniae (Kpn) and Acinetobacter baumannii
(Aba) strains to most classes of antimicrobial drugs, resulting
in higher morbidity and mortality rates and higher medical
costs in patients infected with such strains.*> Because of the
limited effectiveness of antibiotics against life-threatening
carbapenem-resistant isolates, the use of ceftazidime-
avibactam, tigecycline, and polymyxins as last-resort options
has increased. Ceftazidime-avibactam, which recently became
clinical available in China, has exhibited excellent in vitro
activity against carbapenem-resistant Enterobacteriaceae
(mainly Kpn) isolated from CHINET 2018.° However, cefta-
zidime-avibactam demonstrated limited activity (MICsgy/g,
64/>64 mg/L) against Aba isolates, 79.2% of which were
carbapenem-resistant. Polymyxins were approved for treat-
ment in the 1950s, but they have a narrow therapeutic window
and a potential to cause severe nephrotoxicity.”* Although
polymyxins are regarded as alternative agents against carba-
penem-resistant organisms in the “bad bugs, no drugs” era,
their optimal dosing regimens remain poorly defined, espe-
cially that of polymyxin B (PMB). Because in vitro suscept-
ibility is insufficient to select rational antibiotic dosing
regimens, the integration of population pharmacokinetic
(PPK) parameters and MIC data is needed to optimize PMB
dosing regimens.

The pharmacokinetic/pharmacodynamic (PK/PD) rela-
tionships of the two clinically available polymyxins, colisti-
methate sodium (CMS) and PMB, are not fully understood.”'°
CMS is administrated parenterally as an inactive prodrug, with
the in vivo conversion of CMS to colistin exhibiting
a relatively large degree of interindividual variability. Thus,
plasma concentrations of colistin increase slowly, leading to
difficulties in optimal dose selection.'' Conversely, PMB
appears to have remarkably low interpatient variability, mak-
ing it easier to predict its PK.'* In addition, PMB has lower
nephrotoxicity rates than CMS,"*'* suggesting that PMB has
superior pharmacological characteristics in the treatment of
infections. Because CMS is more widely available worldwide,
clinical experience with PMB is lower than that with
CMS. 1415

To date, no studies focusing on optimal PMB dosing regi-
mens to treat patients in China with BSIs have been based on
PK parameters and nationwide surveillance of MIC data. The
present study was designed to (i) evaluate the distribution of
PMB MClIs against Gram-negative organisms in patients with
BSIs; (ii) re-evaluate the reasonable clinical breakpoints of
PMB using Monte Carlo simulation (MCS) in Chinese popu-
lations; and (iii) determine the regimen involved in the prompt
initiation of appropriate empirical antimicrobial therapy in
patients with BSIs.

Materials and Methods

Bacterial Isolates

Gram-negative bacterial isolates, including Escherichia
coli (Eco), Klebsiella pneumoniae (Kpn), Pseudomonas
aeruginosa (Pae), Acinetobacter baumannii (Aba) and
other strains, isolated from the Blood Bacterial Resistant
Investigation Collaborative System (BRICS), were col-
lected from patients in 60 tertiary and secondary hospitals
in China between January 2018 and December 2019.
Pathogens were isolated and identified by microbiological
methods using matrix-assisted laser desorption ionization-
time-of-flight (MALDI-TOF, Bruker) mass spectrometry
(MS).'®

Antimicrobial Susceptibility Testing

The MICs for imipenem and PMB were determined by the
agar dilution and broth microdilution methods, respectively, as
described by the Clinical and Laboratory Standards Institute
(CLSI). For imipenem, MICs of <2 mg/L and >4 mg/L were
defined as susceptible and resistant, respectively, whereas for
PMB, MICs of <2 mg/L and >4 mg/L were defined as inter-
mediate and resistant, respectively.17 E. coli strain 25,922 from
the American Type Culture Collection (ATCC) was used for
quality control.

Population PK Model and PK/PD Target

The PPK data for PMB were obtained from a recently pub-
lished study on critically ill patients in China, with a two-
compartment model used to describe the time-concentration
relationship for PMB.'® In that study, patients were grouped
into those with normal renal function (n=37) and renal
insufficiency (n=33). The mean creatinine clearance
(CrCL) in these two groups were 123.3 mL/min (range,
81.6-315.2 mL/min) and 42.0 mL/min (range, 15.6—
77.6 mL/min), respectively. The detailed PPK parameters
are listed in Table 1. Covariate modeling showed that PMB
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Table | Pharmacokinetic Parameters Used in the Monte Carlo

Simulation
Normal Renal Renal Impairment
Function
Age (year) 473£17.7 542£17.5
Weight (kg) 68.6x11.6 66.911.1
CrCL (ml/ 123(81.6-315.2) 42(15.6-77.6)
min)
Vi 6.87 .12
V2 11.97 1.8
CL 2.19 1.58
Q 13.83 10.28
Omega?v| 0.78 0.38
Omega®v2 0.32 0.74
Omega’cl 0.22 0.26
OmegaZq 0.68 NA

PK was not significantly associated with patient age, sex,
CrCL or total body weight (WT). Patients receiving any
form of renal replacement therapy were not enrolled in the
PPK model.

PMB displays
effects against bacterial isolates. AUC/MIC is the optimal

concentration-dependent  antibacterial
PK/PD index, closely associated with clinical efficacy. Based
on data from a murine thigh infection model, the PD target had
to be over 50 mg'h/L for promising outcomes.'® In addition,
consensus guidelines indicated that fAUC/MIC was the PK/
PD target that best correlated with bacterial killing.”* Because
the molecular characteristics and in vitro antibacterial activ-
ities of colistin and PMB against pathogens are similar,
a fAUC/MIC of approximately 20 for colistin was responsible
for 2-log killing of Pae and Aba.?' The unbound fraction of
PMB was defined as 0.42 derived from Sandri study,'* making
the PK/PD targets of AUC/MIC and fAUC/MIC approxi-
mately identical. AUC/MIC was defined as the PK/PD target
for further analysis. In addition, PMB has a narrow therapeutic
window, and its nephrotoxicity is a dose-limiting adverse
effect. Based on a pharmacometric meta-analysis of PMB
nephrotoxicity, an AUC 4, of 100 mg-h/L was regarded as
a predictor of nephrotoxicity,lg’22 and a target AUCgo4n
>100 mg-h/L was defined as a threshold associated with an
increased risk of nephrotoxicity. All the simulated dosing
regimens were tested to calculate the possibility of clinical
cure and toxic effects.

Monte Carlo Simulation
To date, widely used PMB dosing regimens have been based
on total body weight. International consensus guidelines

recommend that PMB dosage not be adjusted in patients
with renal impairment, a recommendation inconsistent with
the FDA approved package inserts.>** Furthermore, little PK
information is available for patients at the extremes of body
weight.'? Because PMB has a narrow therapeutic window,
optimal dosages that balance efficacy and toxicity have not
yet been determined. To optimize the balance between efficacy
and toxicity in different populations, fixed and weight-based
PMB maintenance dose were simulated. These included
a loading dose of 2.5 mg/kg followed by a maintenance dose
of 60, 80, or 100 mg ql2h; a loading dose of 2.2 mg/kg
followed by a maintenance dose of 1 or 1.25 mg/kg ql2h;
a loading dose of 2.5 mg/kg followed by a maintenance dose
of 1.25 or 1.5 mg/kg q12h; and a loading dose of 3 mg/kg
followed by a maintenance dose of 1.5 mg/kg q12h. A 5000
patient MCS was utilized to calculate the probability of target
attainment (PTA) and the cumulative fraction of response
(CFR) of each dosage regimen against a bacterial MIC popu-
lation using Crystal Ball software (version 11.1.2.4; Oracle).
During simulation, the PK parameters obeyed a log-normal
distribution, whereas MIC obeyed a discrete distribution.
Moreover, the steady state Cmin and Cmax were calculated.
Dosing regimens were considered optimal if they provided
>90% CFR and a low risk of drug-related nephrotoxicity.
Dosing regimens with a CFR between 80% and 90% were
regarded as providing moderate probabilities of treatment
success.”

Results

Microbiological Data

A total of 10,066 Gram-negative bacterial isolates (5500
Eco, 2519 Kpn, 546 Pae, and 501 Aba) were collected
from BRICS (Table 2). Of the total, Eco, Kpn, Pae, and
Aba Gram-negative isolates collected from patients with
BSIs, 1169 (11.6%), 82 (1.5%), 506 (20.1%), 210
(38.5%), and 315 (62.9%), respectively, were carbape-
nem-resistant. Compared with most antibiotics, which
show poor antibacterial activity against carbapenem-
resistant organisms, PMB exhibited favorable in vitro
activity against all the tested organisms, including the
PMB had MICs, and
MICy values of 0.5 and 1.0 mg/mL, respectively, against

carbapenem-resistant strains.

carbapenem-resistant organisms, with PMB having both
MICsy and MICyy values of 2 mg/mL against Gram-
negative organisms. PMB had mildly reduced antibacter-
ial activity against Pae than against the other Gram-
negative species.
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Table 2 The in vitro Activities of PMB Against Gram-Negative Organisms Isolated from BRICS
Isolates Number Carbapenem-Resistance MIC;, MIC,yo MIC Range

Rate

Eco 5500 - 0.5 2 0.03-32
Kpn 2519 - 0.5 2 0.03-32
Pae 546 - 2 2 0.03-32
Aba 501 - | 2 0.125-32
G- 10,066 - 0.5 2 0.03-32
CR-Eco 82 1.5 0.5 2 0.254
CR-Kpn 506 20.1 0.5 2 0.25-32
CR-Pae 210 385 2 2 0.54
CR-Aba 315 62.9 | 2 0.25-32
CR-G- 1169 1.6 | 2 0.25-32

Abbreviations: Eco, Escherichia coli; Kpn, Klebsiella pneumoniae; Pae, Pseudomonas aeruginosa; Aba, Acinetobacter baumannii; G-, Gram-negative; CR, carbapenem-resistant;
PMB, polymyxin B; BRICS, Blood Bacterial Resistant Investigation Collaborative System.

PD target of AUC/MIC >50, all the simulated regimens
reached >90% PTA against isolates with MICs of <1 mg/L

in patients weighing 65 kg, regardless of renal function.

Monte Carlo Simulation
A 5000 subject MCS based on PPK data for each dosing

regimen was performed to calculate PTA and CFR. The
However, none of the simulated regimens achieved >90%

PTA at the current CLSI breakpoint of 2 mg/L in patients

relationships between MIC and PTA for various dosing regi-
mens and CrCL are presented in Figure 1. Based on the PK/
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Figure | Probability of target attainment (PTA) of 50 AUC/MIC for the simulated polymyxin B dosing regimens in patients with normal and decreased renal function.

2596

Dove!

Drug Design, Development and Therapy 2021:15


https://www.dovepress.com
https://www.dovepress.com

Dove

Wu et al

with normal renal function, whereas most simulated regimens
achieved promising PTA in subjects with renal impairment.
The possibility of nephrotoxicity of each simulated PMB
dosing regimen was also determined (Figure 2). MICs of
1 mg/L for subjects with normal renal function and 2 mg/L
for subjects with reduced renal function were used to calculate
the PTA of different PMB dosing regimens reaching >50
AUC/MIC. Based on the combined efficacy for reaching the
PTA target and the probability of developing drug-related
toxicity, patients with normal renal function weighing 50, 65,
and 80 kg should receive PMB loading doses of 2.5, 2.5, and
2 mg/kg, respectively, followed by maintenance doses of 1.25,
1.25, and 1 mg/kg, respectively, to treat organisms with a MIC
of 1 mg/L. Total body weight-based dosing strategies, how-
ever, may not be optimal in balancing efficacy and toxicity

among patients with renal impairment. These patients should

receive a weight-based loading dose followed by a fixed main-
tenance dose. Compared with weight-independent dosing stra-
tegies, weight-based dosing resulted in increased toxicity in
higher-weight patients. For example, the probability of toxicity
was >50% in patients weighing 65 kg who received a PMB
loading dose of 2 mg/kg loading dose followed by
a maintenance dose of 1.25 mg/kg ql2h. A higher risk was
observed in patients weighing 80 kg, even in those receiving
a maintenance dose of 1 mg/kg ql2h. By contrast, fixed
maintenance dose strategies provided a better balance between
efficacy and toxicity in patients of different body weight strata
with reduced renal function.

Calculations of simulated C.,;, and C,,,, showed that
these values were highly heterogeneous in patients with
reduced renal function (Table 3). C;, and C,. ranges
were 0.94-3.01 mg/L and 4.55-14.56 mg/L, respectively,

50 kg 65 kg 80 kg
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I: 2 mg/kg loading dose followed by 1 mg/kg q12h

II: 2 mg/kg loading dose followed by 1.25 mg/kg q12h

IIl: 2.5 mg/kg loading dose followed by 1.25 mg/kg q12h

1IV: 2.5 mg/kg loading dose followed by 1.5 mg/kg gq12h

V: 3 mg/kg loading dose followed by 1.5 mg/kg q12h
VI: 2.5 mg/kg loading dose followed by 60 mg q12h
VII: 2.5 mg/kg loading dose followed by 80 mg q12h

VIII: 2.5 mg/kg loading dose followed by 100 mg q12h

Figure 2 Probability of target attainment (PTA) for a MIC of | mg/L in patients with normal renal function and for a MIC of 2 mg/L in patients with renal impairment when
efficacy is defined as 50 AUC/MIC, and toxicity is defined as an AUC >100 mg-h/L at steady state for polymyxin B doses administered to patients.
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in patients with normal renal function, but were 0.07—
0.23 mg/L and 12.94-41.41 mg/L, respectively, in patients
with renal impairment.

The simulated CFR results for weight-based and weight-
independent maintenance doses are shown in Figures 3 and

4, respectively. Among patients with normal renal function

weighing 65 kg, a PMB loading dose of 3 mg/kg followed
by a maintenance dose of 1.5 mg/kg ql2h displayed the
highest CFR, whereas a loading dose of 2.5 mg/kg followed
by a maintenance 1.25 mg/kg ql2h achieved similar CFR,
with >90% probabilities against carbapenem-resistant Eco
(CR-Eco), followed by 88.8% against CR-Kpn, 83.0%

Table 3 Simulated C,;, and C,,.x of PMB Dosing Regimens at Steady State

Renal Function WT (kg) Maintenance Chnin Crnax
Dose
Median Range (5-95%) Median Range (5-95%)
(mglL) (mglL) (mgl/L) (mglL)
Normal renal 50 PMB | mg/kg ql2h 0.94 0.12-3.04 4.55 2.39-8.45
function PMB 1.25 mg/kg 1.18 0.16-3.81 5.69 2.99-10.56
ql2h
PMB 1.5 mg/kg ql2h 1.41 0.19-4.57 6.83 3.59-12.67
PMB 2 mgl/kg ql2h 1.88 0.25-6.09 9.10 4.78-16.89
65 PMB | mg/kg ql2h 1.22 0.16-3.96 5.92 3.11-10.98
PMB 1.25 mg/kg 1.53 0.20-4.95 7.40 3.89-13.72
ql2h
PMB 1.5 mg/kg ql2h 1.83 0.24-5.94 8.87 4.66-10.47
PMB 2 mgl/kg ql2h 2.45 0.32-7.91 11.83 6.22-21.96
80 PMB | mg/kg ql2h 1.50 0.20-4.87 7.28 3.83-13.51
PMB 1.25 mg/kg 1.88 0.25-6.09 9.10 4.78-16.89
ql2h
PMB 1.5 mg/kg ql2h 2.26 0.30-7.31 10.92 5.74-20.27
PMB 2 mg/kg ql2h 3.0l 0.40-9.74 14.56 7.65-27.03
- PMB 60 mg ql2h 1.13 0.15-3.65 5.46 2.87-10.14
- PMB 80 mg ql2h 1.51 0.20-4.87 7.28 3.83-13.51
- PMB 100 mg ql2h 1.88 0.25-6.09 9.10 4.78-16.89
Renal impairment 50 PMB | mg/kg ql2h 0.07 0.00002-1.16 12.94 7.56-22.63
PMB 1.25 mg/kg 0.09 0.00003-1.45 16.18 9.45-28.29
ql2h
PMB 1.5 mg/kg ql2h 0.11 0.00003-1.74 19.41 11.35-33.95
PMB 2 mg/kg ql2h 0.15 0.00004-2.33 25.88 15.13-45.27
65 PMB | mg/kg ql2h 0.10 0.00003-1.51 16.82 9.83-29.43
PMB 1.25 mg/kg 0.12 0.00004-1.89 21.03 12.29-36.78
ql2h
PMB 1.5 mg/kg ql2h 0.14 0.00004-2.27 25.23 14.75-44.14
PMB 2 mg/kg ql2h 0.19 0.00006-3.02 33.64 19.67-58.85
80 PMB | mg/kg ql2h 0.12 0.00004-1.86 20.71 12.10-36.20
PMB 1.25 mg/kg 0.15 0.00004-2.33 25.88 15.13-45.27
ql2h
PMB 1.5 mg/kg ql2h 0.18 0.00005-2.79 31.06 18.15-54.32
PMB 2 mg/kg ql2h 0.23 0.00007-3.72 41.41 24.20-72.43
- PMB 60 mg ql2h 0.09 0.00002-1.40 15.53 9.08-27.16
- PMB 80 mg ql2h 0.12 0.00003-1.86 20.71 12.10-36.21
- PMB 100 mg ql2h 0.15 0.00004-2.33 25.88 15.13-45.27

Abbreviations: WT, total body weight; PMB, polymyxin B.
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I: 2 mg/kg loading dose followed by 1 mg/kg q12h
II: 2 mg/kg loading dose followed by 1.25 mg/kg q12h
III: 2.5 mg/kg loading dose followed by 1.25 mg/kg q12h

IV: 2.5 mg/kg loading dose followed by 1.5 mg/kg q12h

V: 3 mg/kg loading dose followed by 1.5 mg/kg q12h
VI: 2.5 mg/kg loading dose followed by 60 mg q12h
VII: 2.5 mg/kg loading dose followed by 80 mg q12h

VIII: 2.5 mg/kg loading dose followed by 100 mg q12h

Figure 3 Cumulative fraction of response (CFR) to polymyxin B against the tested Eco and Kpn isolated from BRICS.

Abbreviations: Eco, Escherichia coli; CR-Eco, carbapenem-resistant Escherichia coli;

against CR-Aba and 70.0% against CR-Pae. The relatively
low risk of toxicity and low medical cost of the latter regi-
men were beneficial to patients when compared with
a maintenance dose of 1.5 mg/kg q12h.

Among patients with renal impairment, the CFR of
a fixed maintenance dose was similar to that based on total
body weight and was associated with a significantly lower
probability of toxicity than that obtained in simulations
based on total body weight. These findings indicate that
a fixed maintenance dose was suitable for different body
weight strata of patients with decreased renal function, espe-
cially at the extremes of body weight. Among underweight
patients, a fixed maintenance dose of 60 mg ql12h achieved
higher CFRs than regimens based on total body weight.
Meanwhile, the risk of toxicity remained relatively low
(~12.5%). CFR could be further increased in overweight
patients with renal impairment, as a weight-based loading
dose was required, followed by a fixed maintenance dose.
A fixed maintenance dose therefore resulted in
a significantly lower risk of nephrotoxicity than a weight-

based maintenance dose in patients with renal impairment.

Kpn, Klebsiella pneumoniae; CR-Kpn, carbapenem-resistant Klebsiella pneumoniae.

Discussion

The development of antibiotic resistance in Gram-
negative bacterial isolates has emerged as a global pub-
lic health concern. Inappropriate antibiotic therapy for
patients with BSIs has been associated with poor

2627 Unfortunately, our results revealed

outcomes.
a high prevalence of CR-Kpn, Pae, and Aba in patients
with BSIs, similar to the CHINET and Chinese
Meropenem Surveillance Study (CMSS) results, indicat-
ing that highly resistant pathogens were widespread
throughout China.>**® Although PMB has shown promis-
ing in vitro antibacterial activity against carbapenem-
resistant Gram-negative strains, few studies to date
have compared the efficacy and safety of PMB and
CMS dosing regimens in the treatment of BSIs. Most
areas in China may have access only to CMS, not to
PMB. In addition, large scale surveillance data of the
MICs of bacterial strains toward PMB are urgently
needed. Because PMB has superior PK characteristics,
optimizing its clinical use is crucial in managing diffi-
cult-to-treat patients with BSIs.
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V: 3 mg/kg loading dose followed by 1.5 mg/kg q12h
VI: 2.5 mg/kg loading dose followed by 60 mg q12h

VII: 2.5 mg/kg loading dose followed by 80 mg q12h

VIII: 2.5 mg/kg loading dose followed by 100 mg q12h

Figure 4 Cumulative fraction of response (CFR) to polymyxin B against the tested Pae, Aba and Gram-negative organisms isolated from BRICS.
Abbreviations: Pae, Pseudomonas aeruginosa; CR-Pae, carbapenem-resistant Pseudomonas aeruginosa; Aba, Acinetobacter baumannii; CR-Aba, carbapenem-resistant
Acinetobacter baumannii; G-, Gram-negative organisms; CR-G-, carbapenem-resistant Gram-negative organisms.

In the present study, MCS was performed using differ-
ent PMB dosage regimens against Gram-negative organ-
isms isolated from BRICS. The number of pathogens
included in the present study was 10,066, significantly
larger than the numbers included in previous studies.”’
Unlike previous studies, the focus of the present study
was on the treatment of BSIs. Furthermore, the PPK data
were derived from the Chinese population. The integration
of domestic PPK parameters and population MIC data was
useful in optimizing PMB dosage regimens in China.*® To
our knowledge, the BRICS is the largest blood antimicro-
bial surveillance in China.

Although the efficacy of PMB may be enhanced by admin-
istration of higher loading doses, higher loading doses may
increase the risk of toxicity, as PMB has a narrow therapeutic
window. Our simulation results demonstrated that a loading
dose of 2.5 mg/kg followed by a maintenance dose of 1.25 mg/
kg could provide sufficient antimicrobial exposure with low
risks of drug-related toxicity in the treatment carbapenem-

resistant organisms (except for CR-Pae) among patients with
normal renal function. Higher doses increased the risk of
nephrotoxicity risk, with a maintenance dose of 1.5 mg/kg
ql12h resulting in a >50% possibility of toxicity in patients
weighing 80 kg. This situation was significantly amplified in
patients with renal impairment. Thus a fixed maintenance dose
may be optimal in overcoming toxicity in renally impaired
patients. Our findings suggest that a loading dose of 2.5 mg/kg
is optimal, regardless of renal function, followed by a fixed
maintenance dose in patients with impaired renal function.
Consistent with our findings, a weight-based loading dose
followed by a fixed maintenance dose of PMB has been
reported to maximize efficacy while balancing toxicity con-
cerns, whereas weight-based loading and maintenance doses
did not.** Furthermore, a PMB PPK study found that CL and
Q values differed significantly in patients with normal and
reduced renal function, whereas the variance and median
AUC 241 changes remained within a 2-fold range in patients
treated with a weight-based maintenance dose, a finding
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commonly accepted as the threshold justification for dosing
adjustment.'®>'  Although dosing adjustment may not be
necessary in patients with renal impairment, this strategy has
been associated with increased toxicity rates in patients with
decreased renal function, with over 50% of simulated
AUCg 24 being >100 mgh/L."® Moreover, weight-based
maintenance doses have been associated with increased toxi-
city in higher-weight patients.**** In the present study, a fixed
maintenance dose of 60 mg ql12h provided sufficient antimi-
crobial coverage against carbapenem-resistant Gram-negative
organisms in patients with renal impairment, along with
a relative low risk of toxicity. Thus, a strategy that includes
a weight independent maintenance dose may be optimal in
patients with renal insufficiency, providing the optimal balance
between CFR and the risk of toxicity. TDM was recommended
if applicable and patients should be clinically monitored for
adverse reactions to PMB, such as nephrotoxicity and neuro-
toxicity. An adaptive feedback control algorithm has been
reported to optimize the personalization of PMB dosing
regimens.>* This algorithm significantly increased the attain-
ment of AUCy 4 values within the target window (>95%
vs 71%).

A relatively disappointing CFR was observed in
patients infected with Pae, regardless of renal function.
Suboptimal PMB monotherapy dosing regimens have
yielded relatively low clinical cure rates (57-75%).>>~°
Moreover, PMB monotherapy often resulted to the ampli-
fication of colistin-resistant subpopulations in heteroresis-
tant strains, especially in Kpn.*” Acquisition of resistance
has been reported after PMB therapy.*®*° Although PMB
showed promising CFR against carbapenem-resistant Eco,
Kpn, and Aba, studies have reported that PMB combina-
tion therapy may be required. PMB monotherapy showed
excellent simulated results in treating carbapenem-
resistant organisms, the combination of PMB with other
agents could further prevent the emergence of pan-
resistant organisms and improve patient outcomes.
A previous meta-analysis indicated that mortality was sig-
nificantly higher in patients treated with PMB monother-
apy than in patients treated with combinations of PMB
with tigecycline, Fosfomycin, and aminoglycosides, espe-
cially those infected with Kpn BSIs. These findings may
be useful in empirically treating patients infected with
carbapenem-resistant Gram-negative organisms.

This study had several limitations. First, the PPK
model was developed from 462 plasma samples obtained
from 37 normal patients and 33 with reduced renal
function.'® The rich PK properties of PMB may be not

fully evaluated, resulting in a bias in simulating PMB
concentration. Second, the MIC of PMB against organisms
from China may not be representative of the MIC distribu-
tions in other regions of the world. Third, combination
regimens are often empirically prescribed for patients
infected with carbapenem-resistant or pandrug-resistant
organisms. Unfortunately, MCS was inapplicable in these
situations.

Conclusions
To our knowledge, this is the largest study to date evaluate
the efficacy and safety of PMB dosing regimens in
Chinese patients infected with carbapenem-resistant
should be

a loading dose of 2.5 mg/kg, regardless of renal function.

microorganisms.  Patients administered
This should be followed by a fixed maintenance dose of
60 mg ql2h in the empirical treatment of CR-Eco, Kpn,
and Aba infections in patients with impaired renal func-
tion. By contrast, patients with normal renal function
should be administered a weight-based maintenance dose
of 1.25 mg/kg PMB. Additional studies are needed to
formulate the exact treatment strategies for patients with

renal impairment.
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