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Abstract

Background Despite the widespread use of colistin sulfate (CS) in clinical settings in China over recent years,
supported by several studies demonstrating its clinical efficacy, there remains a lack of comparative data on the
efficacy and safety of polymyxin B sulfate (PMB) versus CS, specifically for carbapenem-resistant Acinetobacter
baumannii (CRAB)-caused nosocomial pneumonia.

Objective To compare the efficacy and safety of PMB and CS in intensive care unit (ICU) patients with nosocomial
pneumonia caused by CRAB.

Methods We conducted a multicenter retrospective cohort study, including patients diagnosed with CRAB-caused
nosocomial pneumonia and treated with intravenous PMB or CS in the ICU of the study hospitals between January 1,
2020, and June 30, 2024. Propensity score matching (PSM) was employed to adjust for potential baseline confounders
between cohorts. Multivariate logistic regression analysis and Cox logistic regression analyses were performed to
identify for factors potentially influencing the clinical outcomes and adverse events.

Results Following matching, a total of 190 patients were analyzed. There was no statistical significance in the rates
of clinical success, microbiological eradication and 28-day mortality between the PMB and CS cohorts. While the
incidence of acute kidney injury (AKI) and hepatotoxicity were comparable in both cohorts, but dermal toxicity was
significantly higher in patients receiving PMB compared to those receiving CS (18.9% vs. 0%, P < 0.05). Among all
the patients, hypertension, baseline renal insufficiency, usage of vasoactive drugs and in combination with three or
more antibiotics were independent risk factors associated with AKI; while age, duration of polymyxins <7 days and
Sequential Organ Failure Assessment (SOFA) score were risk factors associated with 28-day all-cause mortality.
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regardless of the type of polymyxins.

score matching

Conclusion This study establishes that PMB and CS have similar efficacy in treating CRAB induced nosocomial
pneumonia in the ICU settings. The incidence of AKI and hepatotoxicity of both polymyxins are comparable for both
polymyxins, although PMB is associated with a significantly higher incidence of skin toxicity. Ensuring adequate
therapy duration is key to better outcomes in the treatment of CRAB-induced nosocomial pneumonia in ICU patients,

Keywords Carbapenem-resistant Acinetobacter baumannii (CRAB), Nosocomial pneumonia, Polymyxin, Propensity

Introduction

Antimicrobial resistance has become a global public
health threat. In particular, the management of infections
caused by carbapenem-resistant Gram-negative bacilli
(CR-GNBs) poses a significant challenge for healthcare
professionals due to the limited availability of drugs that
remain effective against CR-GNBs. Among these CR-
GNBs, CRAB has been identified as one of the critical
threats by the WHO (World Health Organization) [1].

CRAB is one of the most predominant causative agents
of nosocomial infections, especially in the ICU patients
[2]. Limited antimicrobials are effective against CRAB.
Data from the China Antimicrobial Surveillance Network
(CHINET) in 2023 indicated that only tigecycline and
polymyxins exhibited low resistance rates to CRAB (2.3%
and 1.1%, respectively) [3]. The Infectious Diseases Soci-
ety of America (IDSA) guidelines recommend the com-
bination use of susceptible antibacterial agents, including
polymyxins or tetracycline derivatives, for the treatment
of CRAB caused infections [4].

Polymyxins, derived from Paenibacillus polymyxa, are
a class of bactericidal antibiotics with diverse chemical
structures [5]. In recent years, the increasing prevalence
of CR-GNBs, has necessitated a reconsideration of poly-
myxins. Currently, three distinct polymyxins are available
in China: PMB, CS and colistimethate sodium (CMS) [6].
CMS acts as a pro-drug metabolized to colistin in the
kidney, while PMB and CS serve as active forms and are
primarily excreted through non-renal pathways. PMB
predominantly consists of polymyxin B1 and B2, whereas
CS, the active component of CMS, consists mainly of
polymyxin E1 and E2.

IDSA guidelines suggest the use of PMB in polymyxin-
based treatment regimens for CRAB infections, owing
to its superior PK profile compared to CMS. Despite the
widespread use of CS in clinical settings in China over
recent years, supported by several studies demonstrating
its clinical efficacy [6—10], there remains a lack of com-
parative data on the efficacy and safety of PMB versus CS,
specifically for CRAB-caused nosocomial pneumonia.
This multicenter, retrospective cohort study, employ-
ing PSM, aims to compare the clinical effectiveness and
safety of PMB and CS in treating nosocomial pneumonia
caused by CRAB and to identify risk factors associated
with clinical failure and adverse events.

Materials and methods

Study design

This multicenter retrospective study included ICU
patients receiving PMB or CS due to CRAB-caused noso-
comial pneumonia admitted to 5 hospitals in 2 different
provinces in China (Shanxi and Guizhou). We obtained
healthcare data retrospectively from five hospitals,
namely the Second Affiliated Hospital of Xi'an Jiaotong
University (Xi’an, Shaanxi), Affiliated Hospital of Zunyi
Medical University (Zunyi, Guizhou), Xi'an TCM Hospi-
tal of Encephalopathy Affiliated to Shaanxi University of
Chinese Medicine (Xi’an, Shaanxi), International Medi-
cal Xi'an Gaoxin Hospital (Xi’an, Shaanxi) and Chang’an
Hospital (Xi'an, Shaanxi). The study was approved by
the Ethics Committee of the Second Affiliated Hospital
of Xi’an Jiaotong University (No. 2024 —185) and by the
ethics committees at each participating site. Patients
were screened if they received regular PMB (Shanghai
No.1 Biochemical & Pharmaceutical Co., Ltd, China) or
CS (Shanghai SPH New Asia Pharmaceutical Co. Ltd.,
Shanghai, China) treatment as recommended in current
guidelines. Informed consent was waived by the Eth-
ics Committee of the Second Affiliated Hospital of Xi'an
Jiaotong University due to the retrospective nature of the
study.

Population and data collection

Patients diagnosed with nosocomial pneumonia caused
by CRAB and treated with intravenous PMB or CS in the
ICU of the study hospitals between January 1,2020, and
June 30, 2024 were included. Patients were excluded if
they: (i) were age <18 years; (ii) had continuous intrave-
nous use of PMB or CS <3 days; (iii) received intravenous
PMB and CS sequentially within the same hospitaliza-
tion; (iv) used a different type of polymyxin for aerosol
than for intravenous use; (v) died within 48 h of ICU
admission; (vi) key data were missing. If a patient expe-
rienced multiple hospitalizations, only the initial one was
considered.

Patient information was extracted from electrical
records, which included (i) demographic details: gender,
age, admission and discharge dates, admission and dis-
charge diagnoses, severity of disease, and comorbidities;
(ii) infection status: infection site, pathogenic bacteria,
and susceptibility results, in particular the minimum
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inhibitory concentration (MIC) of polymyxins; (iii) thera-
peutic regimens: dosage, frequency, route, and duration
of polymyxins and other antimicrobials; (iv) clinical out-
come, mainly clinical and microbiological responses and
adverse events of polymyxins. All the data collected were
anonymized.

CRAB was identified using the VITEK-II-COMPACT
(BioMérieux, France) and MALDI-TOF MS system
(BioMerieux, France), and susceptibility to various anti-
microbials was assessed through Broth microdilution,
with results interpreted in accordance with the Clinical
and Laboratory Standards Institute 2023 criteria (CLSI
2023) and the European Committee for Antimicrobial
Susceptibility Testing (EUCAST) criteria, which classi-
fied a MIC of less than 2 mg/L as susceptible to polymyx-
ins. Pulmonary CRAB infection was assessed rigorously,
defined by the presence of new pulmonary imaging
changes, increased sputum production, or other infec-
tion-related abnormalities in patients with confirmed
detection of pulmonary CRAB [11]. Disease severity was
quantified using Acute Physiology and Chronic Health
Evaluation II (APACHE II) score and SOFA score, while
comorbidities were evaluated using the age-adjusted
Charlson Co-morbidity Index (age-adjusted CCI).

The outcomes included both clinical and microbio-
logical responses to therapy. Clinical responses were
categorized as follows: (i) success: defined as either the
resolution or partial resolution of infection symptoms at
the end of therapy, (ii) failure, which was characterized
by the persistence of symptoms and signs for >3 days,
necessitating additional antibiotic treatment. Clinical
success was determined through a collaborative assess-
ment involving clinicians and pharmacists to ensure a
holistic assessment of the patient’s response to treatment.
Furthermore, 14-day (attributable) and 28-day (all-cause)
mortality were analyzed. Attributable or CRAB-related
mortality was defined as death during the treatment
period that could be directly associated with septic
shock due to CRAB infection. Microbiological responses
included eradication and suppression, with eradication
defined by no growth of CRAB isolates in subsequent
tests and suppression as a 2-log reduction or greater in
colony counts [12].

Adverse events were monitored throughout the hos-
pitalization period and were assessed by the specialist
physicians and clinical pharmacists using the Naranjo
adverse drug reaction probability scale [13]. AKI diag-
nosis and staging were assessed according to the Kidney
Disease Improving Global Outcomes (KDIGO) criteria,
while drug-induced liver injury (DILI) was evaluated
per the European Association for the Study of the Liver
(EASL) Clinical Practice Guidelines [14—15]. Dermal tox-
icity involves drug-induced skin reactions, such as skin
rashes and skin pigmentation.
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Statistical analysis

All statistical analyses were performed using SPSS (ver-
sion 22.0, Chicago, IL, USA). The distribution of con-
tinuous variables was assessed by the Shapiro test. Data
were presented as meant+standard deviation (SD) for
normally distributed variables or as median (interquartile
range, IQR) if skewed distribution. Categorical data was
expressed as frequencies and percentages. Comparisons
between the PMB and CS cohorts were performed using
the unpaired Student’s t-test or non-parametric Mann-
Whitney test for continuous and chi-square (or Fisher’s
exact) tests for categorical variables.

To mitigate baseline covariate bias between the PMB
and CS cohorts, we employed PSM analysis [16]. The pro-
pensity score was determined using a logistic regression
model that included covariates of great clinical impor-
tance or those showing differences relevant to PSM,
including SOFA scores, APACHE II scores, septic shock,
renal insufficiency and age-adjusted CCI. In this analysis,
PSM models were estimated using 1-to-1 nearest-neigh-
bor matching techniques without replacement, with a
caliper level set at 0.2. In addition, multivariate logistic
regression analysis and Cox logistic regression analyses
were performed to identify factors that potentially influ-
encing the clinical outcomes and adverse events. Survival
analysis was performed by the Kaplan-Meier method,
with pairwise comparisons assessed by the log-rank test.
All tests were two-tailed, and P<0.05 was considered sta-
tistically significant.

Results

Baseline characteristics

A total of 890 ICU patients were treated with either
PMB or CS for CRAB-caused nosocomial pneumonia.
After screening, only 232 individuals fulfilled the cri-
teria. Of these, 132 (56.9%) received PMB, while 100
(43.1%) received CS treatment (Fig. 1). Before matching,
no significant differences were noted between the two
cohorts, except for differences in baseline renal function.
To adjust for potential baseline confounders between
cohorts, the 1-to-1 PSM was used, resulting in 95 pairs
of patients with comparable characteristics (Table 1). In
both cohorts, the majority of the patients were elderly
males, with a median length of hospital stay of 31 days
in the PMB cohort and 26 days in the CS cohort. The
SOFA scores, APACHE II scores and age-adjusted CCI
were similar in both cohorts. The majority of patients
received mechanical ventilation (91.6% vs. 92.6%). Renal
insufficiency was present in 15.8% of patients in both
cohorts. Overall, the patients’ baseline characteristics
were well-balanced.
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ICU Patients receiving PMB or CS due to CRAB-caused nosocomial pneumonia(n=890)

658 excluded:
Age <18 years (n=63)
Continuous intravenous use of PMB or CS<C3d (n=139)
Received intravenous PMB and CS sequentially within the same
hospitalization (n=130)
Used a different type of polymyxin for aerosol than for intravenous use
(n=142)
Died within 48 hours of ICU admission (n=81)
Key data were missing (n=103)

included in analysis
(n=232)

{ |

PMB based regimens

CS based regimens

(n=132) (n=100)
l% PSM(1:1) —)\L
PMB cohort CS cohort
(n=95) (n=95)

Fig. 1 Patient selection. PMB: polymyxin B sulfate; CS: colistin sulfate. PSM: propensity score matching

The infection sites, pathogens, and antibacterial agents
usage

The infection sites and pathogens of all the patients are
shown in Table 2. The vast majority had single CRAB
lung infections while a small percentage of patients
had multi-site infections including bloodstream infec-
tions or co-infection with CRAB and other CR-GNBs.
Importantly, all CRAB were susceptible to polymyx-
ins according to the EUCAST criteria, with MIC values
ranging from 0.50 to 2 mg/L, and over half of the isolates
had an MIC of 0.5 mg/L or less. The concomitant anti-
bacterial drugs differed between cohorts. The combina-
tion of three antibacterial drugs (including polymyxins),
especially carbapenems, was more common in the PMB
cohort. Loading dose and inhaled polymyxins were infre-
quent across both cohorts. The antimicrobial regimens of
all the patients are shown in Table S1.

Clinical outcomes and adverse events

The clinical outcomes of patients treated with PMB or CS
are summarized in Table 3. After matching, the clinical
responses in both cohorts were comparable, revealing
a clinical success rate of 72.6% in the PMB cohort com-
pared to 73.7% in the CS cohort. The rates of microbial
eradication and inhibition were identical in both cohorts

at 21.1% (20/95) and 52.6% (50/95), respectively. No sta-
tistically significant differences were observed in 14-day
mortality (16.8% vs. 14.7%, P=0.691) and 28-day mortal-
ity (32.6% vs. 24.2%, P=0.198) between the two cohorts.
Furthermore, the Kaplan-Meier survival analysis indi-
cated no significant difference in mortality between the
cohorts (Fig. 2). Notably, the dermal toxicity, including
skin rashes and skin pigmentation, was significantly more
prevalent in the PMB cohort compared to the CS cohort
(18.9% vs. 0.0%, P<0.001). Although the incidence of AKI
appeared to be higher in patients treated with PMB com-
pared to those in CS, this difference was not statistically
significant (28.4% vs. 18.9%, P=0.125). Conversely, the
rate of hepatotoxicity in the PMB cohort was close to that
in the CS cohort (6.4% vs. 4.3%, P=0.516) (Table 3).

Risk factors associated with clinical failure and adverse
events

To identify factors associated with clinical outcomes and
adverse events, we performed univariate and multivari-
able analysis on patients before and after matching (Table
S2-S9 and Fig. 3). Patients were divided into clinical fail-
ure and success groups, and their demographic and clini-
cal characteristics were compared to find the potential
risk factors associated with clinical failure. The results
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Table 2 The infection sites, pathogens and antibacterial agents of ICU patients receiving PMB or CS for CRAB-caused nosocomial

pneumonia
Clinical characteristics Before PSM? After PSM
Total PMB cs Pvalue Total PMB cs Pvalue
(N=232) (n=132) (n=100) (N=190) (n=95) (n=95)
Infection sites
Lung only 172(74.1%) 92(69.7%) 80(80.0%) 0.076 143(75.3%) 66(69.5%) 77(81.1%) 0.064
lung +bloodstream 41(17.7%) 27(20.5%) 14(14.0%) 0.202 31(16.3%) 19(20.0%) 12(12.6%) 0.169
Lung + other sites® 19(8.2%) 13(9.8%) 6(6.0%) 0.290 16(8.4%) 10(10.5%) 6(6.3%) 0.296
Pathogens
CRAB only 183(78.9%) 108(81.8%) 75(75.0%) 0444 144(75.8%) 70(73.7%) 74(77.9%) 0.752
CRAB+ CRKP* 22(9.5%) 10(7.6%) 12(12.0%) 21(11.1%) 10(10.5%) 10(11.6%)
CRAB+ CRPAC 34(14.7%) 21(15.9%) 13(13.0%) 27(14.2%) 15(15.8%) 11(12.6%)
Polymyxins MIC distribution(pg/ml)
<05 145(62.5%) 87(65.9%) 58(58.0%) 0470 117(61.6%) 63(66.3%) 54(56.8%) 0.369
=1 55(23.7%) 28(21.2%) 27(27.0%) 45(23.7%) 19(20.0%) 26(27 4%)
=2 32(13.8%) 17(12.9%) 15(15.0%) 28(14.7%) 13(13.7%) 15(15.8%)
Polymyxin regimens
loading dose 29(12.5%) 21(15.9%) 8(8.0%) 0.008 22(11.6%) 15(15.8%) 7(7.4%) 0.070
Intravenous plus inhalation 53(22.8%) 25(18.9%) 28(28.0%) 0.625 48(25.3%) 20(21.1%) 28(29.5%) 0.182
Polymyxin > 7d 168(72.4%) 97(73.5%) 71(71.0%) 0.675 136(71.6%) 69(72.6%) 67(70.5%) 0.748
No. of antibacterial drugs in combination
1 14(6.0%) 1(0.8%) 13(13.0%) 0.000 13(6.8%) 1(1.1%) 12(12.6%) 0.001
2 154(66.4%) 86(65.2%) 68(68.0%) 128(67.4%) 63(66.3%) 65(68.4%)
3 64(27.6%) 45(34.1%) 19(19.0%) 49(25.8%) 31(32.6%) 18(18.9%)
Concomitant antibacterial drugs
Carbapenems® 121(52.2%) 82(62.1%) 39(39.0%) 0.000 94(49.5%) 57(60.0%) 37(38.9%) 0.004
Te‘[racyclinesf 76(32.8%) 45(34.1%) 31(31.0%) 0.619 64(33.7%) 35(36.8%) 29(30.5%) 0.357
Cefoperazone-sulbactam 47(20.3%) 29(23.0%) 18(18.0%) 0456 38(20 0%) 20(21.1%) 18(18.9%) 0.717
Quinolones? 6(6.9%) 11(8.3%) 5(5.0%) 0321 13(6.8%) 8(8.4%) 5(5.3%) 0.389
Ar‘ninog\ycosidesh 13(5.6%) 6(4.6%) 7(7.0%) 0421 11(5.8%) 4(4.2%) 7(7.4%) 0.351

(a) PSM: propensity score matching; (b) not including bloodstream; (c) CRKP: Carbapenem-resistant Klebsiella pneumonia; (d) CRPA: carbapenem-resistant
Pseudomonas aeruginosa, (e) Carbapenems including meropenem and imipenem-cilastatin; (f) Tetracyclines including minocycline and tigecycline; (g) Quinolones
including levofloxacin and ciprofloxacin; (h) Aminoglycosides including amikacin and tobramycin

showed that age[OR=1.025 (1.001-1.049), P=0.044],
the treatment duration of polymyxins<7d [OR=2.431
(1.150-5.136), P=0.020], SOFA score[OR=1.211 (1.042-
1.407), P=0.013] were independent risk factors for clini-
cal failure (Table S3 and Fig. 3). Likewise, risk factors
associated with microbiological failure or AKI were iden-
tified. The results showed that the treatment duration
of polymyxins<7d[OR=2.178 (1.023-4.635), P=0.043]
and SOFA score[OR=1.210 (1.040-1.409), P=0.014]
were independent risk factors for microbiological fail-
ure; whereas hypertension[OR=2.768 (1.254-6.109),
P=0.012], renal insufficiency[OR=6.839 (2.728-17.148),
P<0.001], the use of vasoactive drugs|[OR =6.621 (1.388—
31.590), P=0.018], and in combination with three or
more antibiotics [OR=2.440 (1.052-5.660), P=0.038],
were independent risk factors for AKI (Table S5, S7 and
Fig. 3).

Cox regression analysis was used to identify risk factors
associated with 28-day all-cause mortality. The results
showed that age[HR=1.020 (1.001-1.039), P=0.037],
polymyxins administered for <7 days[HR=2.530

(1.437-4.456), P=0.001] and SOFA score[HR=1.193
(1.066-1.334), P=0.002], were risk factors for 28-day all-
cause mortality (Table S9 and Fig. 3).

Discussion

CRAB infections pose significant challenges in health-
care settings, especially in ICU patients [2]. Nosoco-
mial pneumonia is one of the most common type of
healthcare-associated infection, and CRAB plays an
important role in hospital-acquired pneumonia or
ventilator-associated pneumonia [2, 17, 18]. Although
novel antibiotics emerged in recent years, notably new
B-lactam-B-lactamase inhibitors like ceftazidime-avibac-
tam, ceftolozane-tazobactam, meropenem-vaborbactam
and imipenem- cilastatin-relabactam, all these agents are
ineffective against CRAB [4]. Other novel alternatives,
including cefiderocol, sulbactam-durlobactam and tet-
racycline derivatives (tigecycline and eravacycline) pro-
vide additional options for managing CRAB infections.
The IDSA guidelines recommend a combination of sul-
bactam-durlobactam and carbapenems as the first-line
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Table 3 The clinical outcomes and adverse events of patients receiving PMB or CS for CRAB nosocomial pneumonia
Characteristics Before PSM ? After PSM
Total PMB cs Pvalue Total PMB cs Pvalue
(N=232) (n=132) (n=100) (N=190) (n=95) (n=95)
Clinical responses
Success 162(69.8%) 89(67.4%) 73(73.0%) 0.360 139(73.2%) 69(72.6%) 70(73.7%) 0.871
Failure 70(30.2%) 43(32.6%) 27(27.0%) 51(26.8%) 26 (27.4%) 25(26.3%)
Microbiological responses

Eradication 45(19.4%) 24(18.2%) 21(21.0%) 0.771 40(21.1%) 20 (21.1%) 20 (21.1%) 1.000

Suppression 119(51.3%) 67(50.8%) 52(52.0%) 100(52.6%) 50(52.6%) 50 (52.6%)

Failure 68(29.3%) 41(31.0%) 27(27.0%) 50(26.3%) 25(26.3%) 25 (26.3%)

Mortality
14-days 40(17.2%) 25(18.9%) 15(15.0%) 0431 30(15.8%) 16 (16.8%) 14 (14.7%) 0.691
28-days 71(30.6%) 47(35.6%) 24(24.0%) 0.057 54(28.4%) 31 (32.6%) 23(24.2%) 0.198
Adverse events

Overall AKI? 54(23.3%) 35(26.5%) 19(19.0%) 0.180 45(23.7%) 27(28.4%) 18(18.9%) 0.125
KDIGO 1 25(10.8%) 16(12.1%) 9(9.0%) 0.953 21(11.1%) 13(13.7%) 8(8.4%) 0.635
KDIGO 2 15(6.8%) 10(7.6%) 5(5.0%) 14(7.4%) 9(9.5%) 5(5.3%)

KDIGO 3 14(6.0%) 9(6.8%) 5(5.0%) 10(5.3%) 5(5.3%) 5(5.3%)

Hepatotoxicity® 12(5.2%) 8(6.0%) 4(4.0%) 0483 10(5.3%) 6 (6.4%) 4(4.3%) 0516
Mild 7(3.0%) 4(3.0%) 3(3.0%) 0428 6(3.2%) 3(3.2%) 3(3.2%) 0453
Moderate 5(2.2%) 4(3.0%) 1(1.0%) 4(2.1%) 3(3.2%) 1(1.1%)

Dermal toxicityd 21(9.1%) 21(15.9%) 0(0.0%) <0.001 18(9.5%) 18 (18.9%) 0(0.0%) <0.001

a. PSM, propensity score matching

b. According to the KDIGO criteria, staging of acute kidney injury(AKI) as follows: (i) stage 1, serum creatinine 1.5 to 1.9 times baseline or >0.3 mg/dl (=26.5umol/l)
increase; (i) stage 2, serum creatinine 2.0 to 2.9 times baseline; (iii) stage 3, serum creatinine serum creatinine 3.0 times baseline or >4.0 mg/dl (=353.6 umol/l)

increase or initiation of renal replacement therapy

c. DILI severity classifications: i) mild: alanine transaminase (ALT)>5 or alkaline phosphatase (ALP)>2 and Total bilirubin (TBL) <2 upper limit of normal (ULN); ii)
Moderate: ALT>5 or ALP>2 and TBL > 2 ULN, or symptomatic hepatitis; iii) Severe: ALT > 5 or ALP>2 and TBL>2 ULN, or symptomatic hepatitis and 1 of the following
criteria: international normalized ratio (INR) = 1.5; ascites and/or encephalopathy, disease duration <26 weeks, and absence of underlying cirrhosis; Other organ
failure due to DILI; iiii) Fetal/transplantation: death or liver transplantation due to DILI

d. 5 case of skin rashes and 13 with skin pigmentation in the PMB cohort

Definition of skin hyperpigmentation: A disorder characterized by darkening of the skin due to excessive melanin deposition.

a Comparision of Kaplan-Meier survival curves

before PSM
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b Comparision of Kaplan-Meier survival curves

after PSM
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Fig. 2 Survival curves of patients receiving PMB or CS for CRAB-caused nosocomial pneumonia. PMB: polymyxin B sulfate; CS: colistin sulfate. PSM: pro-

pensity score matching

treatment. Alternatively, high dose of ampicillin-sul-
bactam plus polymyxins or minocycline/tigecycline or
cefiderocol [4, 19]. However, in China, CRAB exhibited
significant resistance to ampicillin-sulbactam (90.6%) [3];
in addition, newer agents such as cefiderocol and sulbac-
tam-durlobactam are either not commonly available or

are restricted by the health insurance policies, leaving
antimicrobials against CRAB remain extremely limited in
China. Consequently, polymyxins, including CMS, PMB
and CS, have become important options for treating
CRAB infections due to their remarkable susceptibility to
this pathogen.
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Multivariate analysis of clinical failure before PSM

OR(95%Cl) P-value

Septic shock - 2.054 (1.097-3.845) 0.024
Po'ﬁm}/f”s 1 3.791 (1.957-7.343) <0.001
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Multivariate analysis of microbiological failure before PSM
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Septic shock >—°—' 2.049(1.030-4.076) 0.041
PolZm7yé<in8, . 2.296(1.215-4.338) 0.010
Cardiac insufficiency —_—— 3.672(1.882-7.165) <0.001
T T T T
2 4 6 8
Cc

Multivariate analysis of AKI before PSM
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Cox regressive analysis of 28-day all-cause mortality before PSM
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Multivariate analysis of clinical failure after PSM

OR(95%Cl) P-value
Age(years) ——i 1.025(1.001-1.049)  0.044
Polympdns ] — —e | 2431(1.150-5.136) 0.020
SOFA score-| - ——— 1.211(1.042-1.407)  0.013
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Multivariate analysis of microbiological failure after PSM
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Multivariate analysis of AKI after PSM
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Fig. 3 Forest plots of risk factors associated with clinical outcomes and adverse events. (a, b): Multivariate analysis of factors associated with clinical failure

in ICU patients with CRAB-caused nosocomial pneumonia before (a) and after (b) PSM; (¢, d): Multivariate analysis of factors associated with microbiologi-
cal failure in ICU patients with CRAB-caused nosocomial pneumonia before (c) and after (d) PSM; (e, f): Multivariate analysis of factors associated with AKI
in ICU patients with CRAB-caused nosocomial pneumonia before (e) and after (f) PSM; (g, h): COX multivariate analysis of factors associated with 28-day
all-cause mortality in ICU patients with CRAB-caused nosocomial pneumonia before (g) and after (h) PSM. PSM: propensity score matching; AKI, acute

kidney injury

To our knowledge, four studies have compared the effi-
cacy or safety of PMB and CS[®~7 21-22). Two of them
evaluated the effectiveness of PMB and CS in treating
CR-GNBs-caused infections while two others compared
the adverse events of the two polymyxins [6-7, 20-21].
Nevertheless, there are currently no data comparing dif-
ferent polymyxins in treating CRAB-induced nosocomial
pneumonia; furthermore, multicenter study about com-
paration of PMB and CS has not been found. Therefore,

we conducted this multicenter PSM-based study to eval-
uate the clinical effectiveness and safety of PMB and CS
in the treatment of CRAB-caused nosocomial pneumo-
nia in ICU patients.

In this study, after employing PSM to adjust for poten-
tial baseline confounders between groups, we found that
there was no significant difference in the rate of clinical
success, microbial eradication and mortality between
the PMB and CS cohorts when treating CRAB caused
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nosocomial pneumonia in ICU patients. Survival analy-
sis also showed that there was no significant difference
in the mortality between patients treated with these
two regimens. These results of clinical outcome were
in accordance with the previous findings in CR-GNBs
caused infections. Wang et al. found that although the
microbial efficacy was higher in the CS cohort (57.1%)
than in the PMB cohort (30.8%), no significant difference
was seen in clinical success, as well as mortality [6]. Liu
et al. also reported similar clinical response rates, bacte-
rial clearances and 28-day mortality between the CS and
PMB groups [7]. We further explored the risk factors
associated with clinical failure, microbiological failure
and mortality. The results showed that age, duration of
anti-infection therapy (polymyxins<7 days) and SOFA
scores were independent risk factors for both clinical
failure and 28-day all-cause mortality, with a duration
of polymyxins<7 days also being a potential risk factor
for microbiological failure. Consistent with our find-
ings, two other studies also found that longer antimicro-
bial therapy leads to better outcomes [22-23]. Another
study prompted that cancer patients who received a long
course (>14 days) of colistin therapy presented greater
clinical and microbiological responses and lower 30-day
mortality, compared to those receiving a short course
(<14 days) [24-25]. Therefore, a longer course of poly-
myxin therapy should be considered for management of
CRAB-caused infections. However, prolonged antibiotic
exposure may increase the likelihood of bacterial resis-
tance [22-23]. Therefore, the duration of antimicrobial
treatment needs to be carefully determined according to
the patient’s condition, immunity and bacterial clearance.
Furthermore, in our study, only a few patients received
aerosolized polymyxins, with 20 patients in the PMB
cohort and 26 patients in CS cohort. Multivariate logis-
tic regression analysis and Cox logistic regression analy-
ses showed that inhaled polymyxins were not associated
with the clinical responses, microbial results and mor-
tality. Inhaled polymyxins could improve the antibiotics
exposure in the lung theoretically, however, it still lacks
high-level clinical evidence. The Infectious Diseases Soci-
ety of America (IDSA) 2024 Guidance did not suggest the
use of nebulized antibiotics for the treatment of respira-
tory infections caused by CRAB [4].

The adverse events of polymyxins, particularly AKI, are
of the greatest concern. The incidence of polymyxin-asso-
ciated AKI has been reported in the literature to range
from 10-60% [22]. We found no significant difference
of AKI and hepatotoxicity between the two polymyxin
cohorts. However, the results of adverse events of poly-
myxins seemed controversial, especially the AKI. Two
real-world, PSM-based studies revealed that the inci-
dence of AKI was significantly higher in the PMB cohort
compared with the CS cohort (21.1% vs. 7.0%, P=0.004;
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50.6% vs. 18.3%; P<0.001) [20-21]; while findings from
two other separate teams indicated comparable AKI
between PMB and CS cohorts (14.6% vs. 15.0%, P>0.05;
20.5% vs. 5.9%; P>0.05) [6, 7]. In our study, despite the
well-balanced baseline renal function post-PSM, the inci-
dence of AKI appeared to be higher in the PMB cohort
than the CS cohort but no significant difference was
found (28.4% vs. 18.9%, P=0.125). Different population
of patients and sample size may contribute to this dis-
crepancy. Furthermore, our study showed that hyperten-
sion, baseline renal insufficiency, the use of vasoactive
drugs, and in combination with three or more antibiotics
were independent risk factors for AKI. These results were
in keeping with previous findings, which indicated that
pre-existing renal dysfunction before polymyxin treat-
ment (Papadimitriou-Olivgeris) and usage of vasoactive
drugs (Yang QJ) were probably risk factors for AKI [20,
26-28]. Given that many antibiotics can cause AKI, the
combined use of multiple antibiotics increases the risk
of polymyxin-induced AKI, suggesting that combina-
tion of antibiotics should be used with caution and that
renal function of patients should be carefully monitored
[29]. The skin toxicity, including rashes or skin pigmen-
tation seemed much higher in the PMB cohort than the
CS cohort. Two retrospective case-control studies also
reported polymyxin B induced skin pigmentation, with
the incidence of 15% and 8%, respectively [30-31]. Skin
pigmentation seems only occurred in patients receiving
PMB which has a side chain of phenylalanine. Phenyl-
alanine can be hydroxylated in vivo to produce tyrosine,
which is the main raw material for the synthesis of mela-
nin [32-33]. The possible mechanism is that polymyxin
B can cause the release of histamine, which can stimu-
late the activity of melanocytes and increase the synthe-
sis and secretion of melanin. In addition, histamine may
further promote the proliferation of melanocytes and the
production of melanin through synergistic action with
other inflammatory factors, leading to the formation of
post-inflammatory pigmentation [31].

Our study has several limitations. First, the defini-
tion of clinical success has an element of subjectivity
that may introduce information bias, which is prong to
produce information bias; therefore, objective mea-
sures, such as 28-day mortality, offer a more convincing
assessment. Second, our study was a retrospective obser-
vational cohort study, and there might have been imbal-
ances in baseline variables between cohorts. Although we
used PSM to adjust for potential baseline confounders,
unknown biases might inevitably exist. Third, although
multicenter data were collected, the overall sample size
was small which limits the generalizability of our find-
ings. Hence, large randomized prospective clinical trials
are required to better assess and understand the efficacy
and safety profiles of different polymyxins.
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Conclusion

In this study, both PMB and CS exhibited overall favor-
able clinical and bacterial responses. This suggests that
both polymyxins are effective for nosocomial pneumonia
caused by CRAB. The hepatotoxicity and AKI profiles of
the two polymyxins were found to be comparable. How-
ever, patients receiving PMB should be vigilant for poten-
tial skin toxicity. Treatment of polymyxins<7 days was a
risk factor associated with 28-day mortality, thus ensur-
ing adequate therapy duration is key to better outcomes
in ICU patients with CRAB-induced nosocomial pneu-
monia, regardless of the type of polymyxins.
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