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Background: Colistimethate sodium (colistin) has been used in the treatment of infections 

caused by extensively drug-resistant (XDR) Gram-negative bacteria in Thailand over the past 

decade, with a mortality rate of 50% and a nephrotoxicity rate of 40%. Polymyxin B has not 

been available in Thailand. We conducted a Phase II clinical study to determine the effectiveness 

and safety of polymyxin B, compared with colistin, for the treatment of XDR Gram-negative 

bacterial infections in Thai patients.

Methods: A total of 73 adult patients hospitalized at four participating tertiary care hospitals 

from January 2015 to December 2015 who had infections caused by XDR Gram-negative 

bacteria and had to receive colistin were enrolled in the study. Polymyxin B (100 mg/day) was 

administered intravenously every 12 hours for 7–14 days.

Results: Most of the patients were older males with comorbidities who had received antibiotics, 

particularly carbapenems, prior to receiving polymyxin B. More than half of the patients had 

pneumonia, and 51.5% of the infections were caused by XDR Acinetobacter baumannii, which 

was susceptible to colistin. Good clinical responses at the end of treatment were observed in 

78.1% of cases, the overall 28-day mortality rate from all causes was 28.7%, the microbiological 

clearance of the targeted bacteria after therapy was 56.2% and nephrotoxicity occurred in 24.7% 

of cases. Neurotoxicity relating to reversible numbness was observed in two cases.

Conclusion: Polymyxin B seems to be effective and safe for the treatment of XDR Gram-

negative bacterial infections. Polymyxin B should be considered as an alternative to colistin for 

treatment of infections caused by XDR Gram-negative bacteria in Thai adult patients, especially 

those at risk of nephrotoxicity.
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Background
Hospital-acquired infections (HAIs) are prevalent in Thailand, and Gram-negative 

bacteria are the predominant etiologic agents.1 In Thailand, HAIs are responsible for 

at least 38,000 deaths and an additional 3.2 million hospitalization days annually, with 

an economic burden of ~1% of gross domestic products.2 Acinetobacter baumannii 

is the leading cause of drug-resistant HAIs.2 Along with A. baumannii, many other 

Gram-negative bacterial isolates causing HAIs, such as Pseudomonas aeruginosa, 

have been found to be extensively drug resistant (XDR) (i.e., are susceptible to only 

one or two categories of antimicrobial agents).3 However, most XDR Gram-negative 

bacteria remain susceptible to the traditional antibiotics polymyxins.

Polymyxins have been reintroduced as the last line of defense against XDR Gram-

negative bacterial infections over the past decade.4 Parenteral polymyxin E or colistin 
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has been used in the form of colistimethate sodium (CMS), 

an inactive prodrug of colistin that requires conversion to its 

active form after administration.4 The effectiveness of CMS 

for XDR Gram-negative infections was modest with a cure 

rate of 30%–75%, an overall mortality rate of 15%–60% and 

nephrotoxicity occurring in 10%–60% of cases.5–7

Parenteral polymyxin B has several advantages over colis-

tin.4 It is an active drug, and a loading dose may therefore not 

be necessary. It is excreted by non-renal clearance, meaning 

that dose adjustment in patients with impaired renal function 

is not generally needed. Polymyxin B showed good in vitro 

activity against A. baumannii isolated from Thai patients and 

displayed greater activity than colistin.8 Several studies on 

the effectiveness and safety of parenteral polymyxin B for the 

treatment of resistant Gram-negative bacterial infections have 

reported that polymyxin B is effective and safe.9–12 However, 

parenteral polymyxin B is not available in Thailand, and its 

effectiveness and safety for treatment of Gram-negative 

infections in Thai patients are unknown. Therefore, the aim 

of this study was to determine the effectiveness and safety 

of parenteral polymyxin B for the treatment of XDR Gram-

negative bacterial infections in Thai patients.

Methods
This Phase II clinical study was conducted in four tertiary 

care hospitals, namely, Siriraj Hospital, Chaophraya Yom-

marat Hospital, Nakhornpathom Hospital and Ratchaburi 

Hospital, from January 2015 to December 2015. The study 

protocol was approved by the Siriraj Institutional Review 

Board no. 568/2557 and the ethics committee on human 

research of the other respective hospitals. All enrolled patients 

or their legal representatives signed informed consent forms 

before participating in the study.

We performed Gram-negative bacteria antimicrobial 

susceptibility test consisting of aminoglycosides, cepha-

losporins, fluoroquinolones, carbapenems, tetracycline, 

beta-lactam/beta-lactamase inhibitors, trimethoprim/sulfa-

methoxazole and polymyxins. XDR Gram-negative bacteria 

refer to bacteria that are susceptible to only one or two catego-

ries of antimicrobial agents, which usually are polymyxins.

Eligible patients were adults aged from 18 to 80 years who 

had infections caused by XDR Gram-negative bacteria requir-

ing polymyxin treatment for ≤14 days, who also displayed 

serum creatinine levels <3 mg/dL or a glomerular filtration 

rate (GFR) ≥15  mL/min/1.73  m2, had a life expectancy 

>48 hours and had or had not received colistin <48 hours prior 

to the study. The exclusion criteria encompassed pregnant 

or lactating women, patients with a body mass index (BMI) 

of >30 kg/m2, patients who had concurrent neuromuscular 

disease, those who had received renal replacement therapy 

and those with a known allergy to polymyxins.

Each subject received intravenous polymyxin B (Poly-

myxin B for Injection USP; X-Gen Pharmaceuticals, Inc., 

Horseheads, NY, USA) at 2  mg/kg/day for 7–14  days. 

Concomitant antibiotic(s) were given at the discretion of the 

attending physician. The enrolled subjects were assessed for 

clinical outcomes 28 days after initiating polymyxin B therapy 

and at the end of treatment. Microbiological outcomes were 

assessed on Day 3 and at the end of polymyxin B therapy. 

Acute kidney injury was assessed according to the RIFLE 

criteria as risk (serum creatinine increased 1.5 times above 

baseline or GFR decreased >25%), injury (serum creatinine 

increased two times above baseline or GFR decreased >50%), 

failure (serum creatinine increased three times above baseline 

or GFR decreased 75%), loss of kidney function (complete 

loss of renal function for >4  weeks) or end-stage kidney 

disease (complete loss of renal function for >3 months).13 

Neurological toxicity was determined by clinical examination.

Clinical outcomes were categorized as a good response, 

failure, relapse or death. A good clinical response was defined 

as the absence of, or improvement in, the attributable signs 

and symptoms of the target infection; failure was defined as 

clinical deterioration of the target infection after 3 days of 

polymyxin B therapy; relapse was defined as an infection 

with the same target bacteria after displaying a good clinical 

response to polymyxin B. Microbiological outcomes were 

categorized as eradication of the target bacteria, persistence 

of the target bacteria or super-infection with other bacteria.

It was estimated that the effectiveness of polymyxin B for 

the treatment of XDR Gram-negative bacterial infections in 

terms of overall 28-day mortality after receiving polymyxin 

B was 25% ± 10% with 5% type I error (two sided). There-

fore, 73 eligible patients were needed. Categorical data were 

summarized by frequency, whereas continuous data were 

summarized by the mean, median, standard deviation (SD) 

and range as appropriate.

Results
A total of 73 patients who received polymyxin B for 

>48 hours for the treatment of XDR Gram-negative bacterial 

infections were included in this study. The baseline charac-

teristics of the patients are given in Table 1. The mean age 

(SD) of the patients was 59.8 years (15.6 years), and 54.8% 

were males. Half of the patients had a history of hospitaliza-

tion in the preceding 90 days. The mean BMI of the patients 

was 21.3 kg/m2. Most of the patients were hospitalized at 
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Siriraj Hospital and had underlying diseases, with diabetes 

mellitus being the most common. Nearly all of the patients 

had received antibacterial agents, including carbapenems, in 

the 14 days preceding the study.

The clinical characteristics of the patients are given in 

Table 2. The mean Acute Physiology and Chronic Health 

Evaluation II (APACHE II) value and the mean length of 

hospital stay were 19.5 and 42.3 days, respectively. A high 

number of patients (80.8%) received mechanical ventilation. 

The patients received intravenous polymyxin B at a mean 

dosage of 1.9 mg/kg/day with a mean (range) duration of 

treatment of 11.7  days (4–14  days). Pneumonia was the 

most common type of infection (60.3%), followed by tra-

cheobronchitis (20.5%) and bloodstream infections (15.1%). 

A. baumannii was the most common causative bacteria 

(51.5%), and all strains were susceptible to colistin. Other 

causative bacteria were P. aeruginosa (24.6%), Klebsiella 

pneumoniae (8.2%), methicillin-resistant Staphylococcus 

aureus (4.5%) and Stenotrophomonas maltophilia (3%). 

Additional antibiotics were administered to 72.6% of the 

patients including carbapenems (22.5%), levofloxacin 

(14.1%) and vancomycin (12.7%).

The treatment outcomes are given in Table 3. A good 

clinical response at the end of treatment was observed in 

78.1% of the patients. The overall 28-day mortality rate 

from all causes was 28.7%. Microbiological eradication of 

the target bacteria at the end of therapy occurred in 56.2% of 

patients. Nephrotoxicity was observed in 18 (24.7%) patients, 

four (5.5%) of whom required renal replacement. Only two 

(2.8%) patients reported reversible numbness of extremities.

Discussion
Colistin is available in some countries, whereas polymyxin 

B is not available in many of these countries, including 

Thailand. Colistin has been used for therapy of infections 

due to XDR Gram-negative bacteria in Thailand over the past 

12 years with modest effectiveness and frequent nephrotoxic-

ity. Therefore, we would like to determine if polymyxin B, 

which is not available in Thailand, could be an alternative 

to colistin in terms of non-inferior effectiveness and less 

Table 1 Baseline characteristics of the 73 patients

Characteristics Findings

Male, n (%) 40 (54.8)
Mean age (years), mean ± SD (range) 59.8 ± 15.6 (20–80)
Mean BMI (kg/m2), mean ± SD (range) 21.3 ± 4 (13–30)
Previous hospitalization within the past 3 months, n (%) 37 (50.7)
Study sites, n (%)
Siriraj Hospital 42 (57.5)
Chaophraya Yommarat Hospital 18 (24.7)
Nakhornpathom Hospital 11 (15)
Ratchaburi Hospital 2 (2.7)
Underlying conditions, n (%) 69 (94.5)
Diabetes mellitus with or without other medical conditions 21 (28.8)
Cerebrovascular diseases 17 (23.6)
Cardiovascular diseases 10 (13.9)
Solid malignancy 10 (13.9)
Hematologic malignancy 9 (12.5)
Chronic liver diseases 8 (11.6)
Chronic kidney diseases 6 (8.3)
Previous exposure to antibacterial agents in the preceding 14 days, n (%) 70 (95.9)
Carbapenems 53 (40.2)
Beta-lactam/beta-lactamase inhibitor 26 (19.7)
Vancomycin 16 (12.1)
Ceftriaxone 16 (12.1)
Locations of hospitalization, n (%)
Medicine ICU 29 (39.7)
Surgery ICU 12 (16.4)
Medicine 24 (32.9)
Surgery 8 (11)

Abbreviations: SD, standard deviation; BMI, body mass index; ICU, intensive care unit.
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nephrotoxicity. The present study is a Phase II study of a 

new drug name polymyxin B that determines if polymyxin B 

could be a potential effective and safe antibiotic for therapy 

of infections due to XDR Gram-negative bacteria in Thai 

patients. Therefore, only one group of the study patients 

was included. It will be unethical to have a control group of 

the patients infected with XDR Gram-negative bacteria who 

received carbapenems or other antibiotics that the isolated 

organisms were resistant to. Having the control group with 

colistin is not feasible since its efficacy would be similar to 

that of polymyxin B and a very large sample size will be 

needed. The effectiveness and safety of polymyxin B for the 

treatment of XDR Gram-negative infections observed in this 

study were comparable to the results of previous studies.9–12 

The dosing regimen for polymyxin B used in this study was 

based on the manufacturer’s recommendations. It is possible 

that the effectiveness of polymyxin B could be improved 

by optimizing the dosing regimen for the target patients. A 

population pharmacokinetic study of polymyxin B in Thai 

patients is currently being conducted to determine the most 

appropriate dosing regimen for Thai patients. The rate of good 

response to polymyxin B observed in this study should not 

related to the prior use of carbapenems or a combination of 

polymyxin B and carbapenems because all isolated bacteria 

from the patients were resistant to carbapenems and the 

results from the recent randomized controlled trial (RCT) 

revealed that the outcomes of the patients infected with XDR 

Gram-negative bacteria who received a combination of colis-

tin and meropenem was not significantly better than those 

who received colistin alone.14 Regarding the nephrotoxicity 

of polymyxin B, the findings from our study were in accor-

Table 2 Clinical characteristics of the 73 patients

Characteristics Findings

APACHE II, mean ± SD (range) 19.5 ± 6.9 (2–42)
Length of hospital stay (days), mean ± SD (range) 42.3 ± 27 (8–144)
Mechanical ventilation, n (%) 59 (80.8)
Polymyxin B dosage (mg/kg/day), mean ± SD (range) 1.9 ± 0.3 (1.27–2.63)
Treatment duration (days), mean ± SD (range) 11.7 ± 3.2 (4–14)
Type of infection, n (%)
Pneumonia 44 (60.3)
Tracheobronchitis 15 (20.5)
Bloodstream infection 11 (15.1)
Intra-abdominal infection 3 (4.1)
Urinary tract infection 2 (2.7)
Skin and soft tissue infection 2 (2.7)
Causative bacteria, n (%)
Acinetobacter baumannii 69 (51.5)
Pseudomonas aeruginosa 33 (24.6)
Klebsiella pneumoniae 11 (8.2)
MRSA 6 (4.5)
Stenotrophomonas maltophilia 4 (3)
Concomitant antimicrobial agentsa, n (%) 53 (72.6)
Carbapenems 16 (22.5)
Levofloxacin 10 (14.1)
Vancomycin 9 (12.7)
Antifungal agents 7 (9.9)
Tigecycline 5 (7)
Cefoperazone-sulbactam 5 (7)
Metronidazole 5 (7)

Note: aPatients who received more than one agent.
Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; SD, standard deviation; MRSA, methicillin-resistant Staphylococcus aureus.

Table 3 Treatment outcomes of the 73 patients

Outcomes n (%)

Good clinical response at the end of polymyxin B treatment 57 (78.1)
28-day mortality rate from all causes 21 (28.7)
Microbiological clearance at the end of therapy 41 (56.2)
Nephrotoxicity 18 (24.7)

Risk 8 (11)
Injury 6 (8.2)
Failure 4 (5.5)

Neurotoxicity 2 (2.8)
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dance with the recent reviews reporting that polymyxin B was 

associated with less risk of nephrotoxicity than colistin.15,16

To our knowledge, no previous studies have reported 

a direct comparison of the effectiveness and safety of 

polymyxin B with colistin for the treatment of XDR Gram-

negative infections. A recent report that analyzed 138 hos-

pitalized adult patients at Siriraj Hospital with documented 

Gram-negative bacterial infections from October 2014 to 

June 2015, who had received colistin for >48 hours, revealed 

favorable clinical outcomes in 71.7% of the patients at the end 

of colistin therapy compared with mortality rates of 23.2% 

after 30 days and 39.9% at the end of therapy.17 The rate of 

microbiological eradication of the target bacteria at the end 

of colistin therapy was found to be 50.0%, and the overall 

incidence of acute kidney injury was 39.9%.17 Based on the 

findings of the present study, the effectiveness and safety 

of polymyxin B for the treatment of XDR Gram-negative 

infections appear higher than those of colistin. Polymyxin B 

is associated with an improved clinical response at the end 

of treatment, increased microbiological eradication, lower 

overall mortality and a lower incidence of nephrotoxicity 

compared with colistin.17,18 Mild reversible neurotoxicity was 

rare in the present study and was not observed in the previous 

report.17 However, a randomized controlled trial of polymyxin 

B versus colistin is now needed to confirm whether poly-

myxin B is more effective and safer than colistin. It should 

be noted that the polymyxin B concentration in urine is less 

than that of colistin,4 so colistin should be used in favor of 

polymyxin B to treat urinary tract infections. However, some 

patients in the present study had urinary tract infections with 

bacteremia, and all showed a good clinical response after 

treatment with polymyxin B.

This study was the first clinical study in Thai patients to 

determine the effectiveness and safety of parenteral poly-

myxin B for the treatment of XDR Gram-negative infections. 

The study sites included university hospitals and other tertiary 

care hospitals, and the enrolled patients had infections at 

various sites. All of these factors helped to ensure that the 

findings were generally applicable to Thai patients with XDR 

Gram-negative infections.

This study had several limitations. First, it was a clinical 

trial that lacked an appropriate control group for compari-

son. Second, we excluded some patients who had received 

renal replacement therapy or suffered from obesity (BMI 

of >30 kg/m2). Third, since the microbiology laboratory did 

not routinely perform polymyxin B susceptibility testing, 

the colistin susceptibility test results had to be used instead. 

However, a previous report revealed that polymyxin B was 

more active than colistin,8 and for this reason, the bacteria 

isolated from the patients in the present study were kept for 

future studies on polymyxin B susceptibility. Although this 

study is Phase II clinical study without the concurrent control 

group, the results from this study confirm the effectiveness 

and safety of polymyxin B. Such information will be valu-

able for the responsible institute and Thailand Food and 

Drug Administration to consider importing and/or producing 

polymyxin B for therapy of XDR Gram-negative bacterial 

infections in Thai patients. Moreover, such information may 

be useful for the countries with availability of only colistin 

to consider if polymyxin B should also be available in addi-

tion to colistin.

Conclusion
Polymyxin B appears to be effective and safe for the treat-

ment of infections caused by XDR Gram-negative bacteria 

in Thai adult patients. Nephrotoxicity related to polymyxin 

B exposure seems to be less common than with colistin 

based on the present study and previous studies of Thai 

patients. Polymyxin B should therefore be considered as 

an effective alternative therapy for infections caused by 

XDR Gram-negative bacteria, especially in patients at risk 

of nephrotoxicity.
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