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ABSTRACT

Introduction: Carbapenem-resistant organisms
(CRO) have emerged as a significant worldwide
issue. However, the availability of efficacious
antibiotics for treating CRO infections remains
limited. Polymyxins, including colistin sulfate,
represent the last-line therapeutic option
against CRO infections. This study aims to ret-
rospectively evaluate the clinical effectiveness
and safety of colistin sulfate in managing CRO
infections among patients with hematological
diseases.
Methods: Between April 2022 and January
2023, a total of 118 hematological patients
diagnosed with CRO infection were treated with
colistin sulfate at Suzhou Hongci Hospital of

Hematology. The assessment encompassed the
clinical efficacy, bacterial clearance rate, adverse
reactions, and 30-day all-cause mortality.
Results: The study found that the total effec-
tive rate of colistin sulfate in the treatment of
CRO infection was 74.6%, with a bacterial
clearance rate of 72.6%. Throughout the treat-
ment, nephrotoxicity occurred in 7.6% of cases,
neurotoxicity in 2.5% of cases, and the 30-day
all-cause mortality rate was 22.9%. Multivariate
logistic analysis revealed that the treatment
course and combination medication with other
antimicrobials were independent factors affect-
ing the clinical efficacy of colistin sulfate.
Conclusion: Our study demonstrates that the
treatment of colistin sulfate can achieve high
clinical efficacy and microbial responses, with a
low risk of nephrotoxicity. This study provides
evidence of the positive clinical efficacy and
safety of colistin sulfate treatment in these
patients. High-quality randomized controlled
trials are still needed to further confirm the
beneficial role of colistin sulfate.
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Key Summary Points

Why carry out this study?

Colistin sulfate has been only clinically
available in China, and there is an unmet
need to clarify the efficacy and safety of
colistin sulfate in hematological patients
with carbapenem-resistant organisms
(CRO) infections.

We retrospectively evaluated the efficacy,
microbial response, 30-day all-cause
mortality, and incidence of adverse events
at discontinuation.

What was learned from the study

Colistin sulfate can achieve high clinical
efficacy and microbial responses, with a
low risk of nephrotoxicity in CRO
infections. The treatment course and
combination medication with other
antimicrobials were independent factors
affecting the clinical efficacy of colistin
sulfate.

Prospective, multicenter, randomized
controlled, and well-designed trials are
needed to better evaluate the efficacy and
safety of colistin sulfate in the future.

INTRODUCTION

In recent years, with the widespread clinical use
of broad-spectrum antibiotics, drug-resistant
bacteria have increased remarkably, which may
delay targeted therapies and affect public
health. Among these, carbapenem-resistant
organisms (CRO), especially carbapenem-resis-
tant Enterobacteriaceae (CRE), carbapenem-resis-
tant Acinetobacter baumannii (CRAB), and
carbapenem-resistant Pseudomonas aeruginosa
(CRPA), are critical well-known contributors to
infection-associated morbidity and mortality
worldwide and have been identified by the
World Health Organization (WHO) as the

priority pathogens that critically threaten pub-
lic health [1, 2].

Patients with hematological malignancies
are at high risk for CRO infections [3, 4]. These
patients have a higher incidence of CRO infec-
tions and mortality than patients in other
clinical departments due to primary immun-
odeficiencies and therapeutic interventions
such as chemotherapy, radiotherapy, and
hematopoietic stem cell transplantation (HSCT)
resulting in neutropenia [1, 5, 6]. Studies
revealed that the mortality caused by CRE
infections in patients with hematological
malignancies ranges from 45.6% to 100% [7–9].
Unfortunately, the current availability of
antimicrobials for CRO infections is very lim-
ited. Polymyxins, the ‘‘old’’ antibiotics that are
effective against almost all CRO infections, have
returned to clinical practice as the last line of
defense [10, 11].

Currently, only three forms of polymyxins
are available clinically, i.e., polymyxin B sulfate
(PMB), colistin sulfate, and colistimethate
sodium (CMS) [12]. Numerous published stud-
ies have shown very positive evidence for CMS
and PMB in the treatment of CRO infections
[13–17]. However, the most common side
effects of polymyxins, especially nephrotoxic-
ity, must be considered regarding clinical use
[18]. Nephrotoxicity has been reported to occur
in up to 50% to 60% of patients treated with
CMS or PMB [19]. Moreover, PMB-induced skin
hyperpigmentation remains a major quality-of-
life concern for patients [20]. These adverse
events have somewhat limited the clinical use
of PMB and CMS.

As one of the polymyxins, colistin sulfate has
been shown in recent studies to have a high
clinical and microbiological response but a low
nephrotoxicity incidence during the treatment
of CRO infections [21–23]. However, limited
studies have been reported on its efficacy and
safety in infections in patients with hemato-
logical diseases. Therefore, we conducted this
real-world retrospective study of the efficacy
and safety of colistin sulfate in these patients,
with the aim of providing a reference for the
clinical use of this drug.
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METHODS

Study Design

This observational, retrospective, single-center
clinical study was performed at the Hospital of
Suzhou Hongci Hematology, Suzhou, Jiangsu
Province, China. Data concerning patients
treated with colistin sulfate in our hospital
between April 2022 and January 2023 were
reviewed. This study was approved by the Ethics
Committee of the Hospital of Suzhou Hongci
Hematology and was exempt from informed
consent because of its observational nature.
Furthermore, the study was implemented in
accordance with the Declaration of Helsinki (as
revised in 2013).

The primary outcomes of the study were
clinical efficacy, microbial response, 30-day all-
cause mortality, and the incidence of adverse
events at discontinuation. Secondary outcomes
were factors associated with the therapeutic
efficacy of colistin sulfate.

Patients

Adult patients were considered eligible if they:
(1) were diagnosed with a hematological disease
(including malignant hematology and aplastic
anemia); (2) had a positive culture for CRO or
high suspicion of CRO infection. The diagnosis
of CRO infection was made by two clinicians
based on culture of CRO from sterile or eligible
specimens and high suspicion of CRO infection
based on the patient’s clinical symptoms, signs,
and laboratory findings, such as fever pattern
and inflammatory indicators, despite the
absence of positive pathogenic bacterial culture
results; (3) had completed clinical data; (4) had
received colistin sulfate treatment for C 72 h,
either alone or in combination with other
antimicrobials. Patients were excluded if they
were: (1) under 18 years of age; (2) allergic to the
study drug; (3) co-infected with any gram-posi-
tive bacteria; (4) died within 48 h after treat-
ment; (5) had incomplete clinical data; (6) had
severe organ damage (renal and/or hepatic
dysfunction grade[2 according to the

Common Terminology Criteria for Adverse
Events [version 5.0]).

Data Collection and Definitions

Patient data collection was based on the elec-
tronic medical record system of our hospital. It
mainly includes basic demographic character-
istics: age, gender, type of hematological dis-
ease, hematopoietic stem cell transplantation
status, site of infection, distribution of patho-
gens, infection index, exposure to antimicrobial
therapy, clinical and microbiological responses,
adverse reactions, and survival status, etc.

All patients in this study were treated with
intravenous colistin sulfate (colistin sulfate for
injection, Shanghai SPH New Asia Pharmaceu-
tical Co. Ltd., Shanghai, China) for C 72 h at a
dose of 1.0–1.5 million IU per day, divided into
2–3 intravenous doses. Clinicians administered
colistin sulfate in accordance with the drug
package insert, the national consensus on the
optimal clinical use of the polymyxins in China
[24], as well as adverse reactions and in the
context of the patient’s disease progression.

The clinical effectiveness of colistin sulfate
treatment was evaluated by clinical and micro-
biological criteria at the time of drug discon-
tinuation. Patients received multiple courses of
colistin sulfate treatment, whereas only the first
course of therapy was evaluated. Clinical effi-
cacy was defined as the recovery from symp-
toms and signs at the end of colistin sulfate
treatment, while clinical failure was defined as
the aggravation or persistence of symptoms and
signs during treatment.

CRO strains were isolated from body fluid
specimens of enrolled patients, including spu-
tum, alveolar lavage fluid, and blood. The
pathogenic bacteria were extracted and identi-
fied through matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry. In
addition, when there was clinical suspicion of
infection in a critically or seriously ill patient, or
when empirical treatment had not been effec-
tive for 3 days, pathogen metagenomic next-
generation sequencing (mNGS) was used for
bacterial identification and detection of drug
resistance genes in pathogens [25]. In vitro
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antimicrobial susceptibility testing was per-
formed according to the Clinical and Labora-
tory Standards Institute (CLSI) guidelines
(M100), using the micro-broth dilution
method. The results for carbapenems, amino-
glycosides, quinolones, fosfomycin, tigecycline,
and aztreonam were interpreted according to
CLSI breakpoints. Clinical breakpoint reference
for colistin susceptibility testing was according
to the United States Committee on Antimicro-
bial Susceptibility Testing (USCAST) (S B 2 mg/
l, R C 4 mg/l) [26, 27]. Bacterial clearance was
considered a clinically favorable outcome.
However, the absence of the above microbio-
logical responses or persistent detection of the
same causative pathogens was defined as
invalid.

Adverse events associated with colistin sul-
fate were closely monitored, including nephro-
toxicity, hepatotoxicity, and neurotoxicity. The
renal and liver functions were evaluated on the
day before and after treatment with colistin
sulfate. Increased creatinine (Cr) was calculated
by subtracting the creatinine level prior to the
commencement of colistin sulfate treatment
from the post-treatment creatinine level. Renal
impairment was assessed according to the Kid-
ney Disease: Improving Global Outcomes
(KDIGO) criteria [28]. Neurotoxicity was evalu-
ated according to CTCAE (version 5.0).

Statistical Analysis

SPSS22.0 software was used for statistical anal-
yses (IBM Corp. in Armonk, NY, USA). Data are
presented as n (%), mean ± SD, or median
(range). Student’s t-tests were performed for
continuous variables between groups. The v2 or
Fisher’s exact tests were performed for categor-
ical variables. Variables with a p-value\ 0.05 in
the univariate analysis were enrolled in the
multivariate logistic regression model for fur-
ther analysis. The Kaplan-Meier curve was used
to demonstrate the survival probability. A two-
tailed p-value\ 0.05 indicates a significant
difference.

RESULTS

Patient Demographic and Clinical
Characteristics

Patients who received colistin sulfate treatment
between April 2022 and January 2023 were
enrolled. Of 193 patients screened for eligibility,
118 were included in the final analysis based on
the inclusion and exclusion criteria (Fig. 1). We
summarized the patient demographic and clin-
ical characteristics to describe the overall pop-
ulation. The mean age of these patients was
43.92 ± 15.82 years, including 52 (44.1%)
females and 66 (55.9%) males. The most com-
mon hematological disease was acute myeloid
leukemia (49.2%), followed by acute lym-
phoblastic leukemia (22.0%), myelodysplastic
syndrome (18.6%), and aplastic anemia
(10.2%). Among them, 81 (68.6%) patients
received allogeneic hematopoietic stem cell
transplantation, and 37 (31.4%) received
chemotherapy.

All patients were diagnosed with CRO
infections, and the most common site of infec-
tion was the lung (58.5%), followed by blood-
stream (39.8%) and intestinal tract (15.3%).
Among them, multiple sites of infection were
seen in 21 (17.8%) of the patients. CRKP (28%)
was the most commonly monitored CRO in
sterile specimens, followed by CRAB (25.4%)
and CRPA (20.3%). In addition, there were
other CRE (33.1%) infections such as Enter-
obacter cloacae and Escherichia coli. Of the 118
patients, 33.1% were infected with more than
one CRO pathogens.

Colistin Sulfate Administration

Overall, 118 patients received colistin sulfate at
doses of 1.0–1.5 million IU/day for a mean
treatment duration of 12.75 ± 5.91 (range 4–-
30) days. The total mean cumulative dose was
17.58 ± 8.70 million IU. Only nine (7.6%)
patients were treated with a loading dosage of
colistin sulfate at 1.5 million IU. Twenty-one
(17.8%) patients received colistin sulfate treat-
ment for no more than 7 days, 61 (51.7%) for
8–14 days, and 36 (30.5%) for[ 14 days. Only
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nine (7.6%) patients received colistin sulfate
monotherapy. Forty (33.9%) patients received
colistin sulfate combined with one other
antibacterial agent, 55 patients (46.6%) with 2,
and 14 patients (11.9%) with 3 or more other
antibacterial agents. Antibacterial agents used
in combination with colistin sulfate included
carbapenems, aminoglycosides, quinolones,
fosfomycin, tigecycline, aztreonam, etc.
(Table 1).

Clinical and Microbiological Outcomes

Based on the clinical response outcomes after
colistin sulfate treatment, all patients and rele-
vant variables were categorized into clinically
effective and ineffective groups. The key
demographic and clinical characteristics and
clinical outcomes of these patients are pre-
sented below in Table 1. Overall, clinical
response was achieved by 88 (74.6%) patients,
and 30 (25.4%) patients were considered treat-
ment failure. There were no significant differ-
ences between the clinically effective and
ineffective groups (all p[ 0.05) in terms of age,
weight, gender, hematopoietic disease type,
hematopoietic stem cell transplantation status,

infection sites, and CRO types. Compared to the
ineffective group, patients in the clinically
effective group had a significantly longer course
of treatment (13.73 vs. 9.90 days; p = 0.005) and
received a higher cumulative dose of colistin
sulfate (18.58 ± 7.89 vs. 14.67 ± 10.35 million
IU, p = 0.033). A daily dose of 1.5 million
IU/day was significantly more likely with
favorable efficacy than that of 1.0 million
IU/day (60.2% vs. 39.8%, p = 0.029). Compared
to those treated for B 7 days, a longer duration
of [ 7 days had a significantly higher efficacy
rate (88.4% vs. 11.4, p = 0.002). Multiple
comparisons of subgroups with different treat-
ment durations showed that a treatment dura-
tion of 8–14 days or [ 14 days was more
advantageous in efficacy than that of a treat-
ment duration of[ 7 days (all p\0.05). How-
ever, there was no significant difference in
efficacy between treatments with a duration of
8–14 days and [ 14 days (Fig. 2A). Compared
with the clinically ineffective group, patients in
the clinically effective group who were treated
with colistin sulfate in combination with other
antibiotics had a significantly higher clinical
response rate than that of monotherapy
(p = 0.016). Multiple comparisons of subgroups

Fig. 1 Flowchart of the patient selection process. CRO Carbapenem-resistant organisms
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Table 1 Demographic and clinical characteristics and clinical outcomes of 118 patients receiving colistin sulfate treatment

Characteristics Effective group
(n = 88)

Ineffective group
(n = 30)

Total
(N = 118)

t/v2

value
p-value

Age, years (mean ± SD) 42.81 ± 15.59 47.20 ± 16.29 43.92 ± 15.82 1.31 0.190

Weight, kg (mean ± SD) 59.30 ± 10.79 54.78 ± 11.27 57.90 ± 11.04 1.46 0.151

Gender, n (%)

Female 35 (39.8%) 17 (56.7%) 52 (44.1%) 2.59 0.107

Male 53 (60.2%) 13 (43.3%) 66 (55.9%)

Type of hematological diseases, n (%)

Acute myeloid leukemia 45 (51.1%) 13 (43.3%) 58 (49.2%) 2.95 0.400

Acute lymphoblastic leukemia 18 (20.5%) 8 (26.7%) 26 (22.0%)

Aplastic anemia 7 (8.0%) 5 (16.7%) 12 (10.2%)

Myelodysplastic syndrome 18 (20.5%) 4 (13.3%) 22 (18.6%)

Transplant status, n (%)

Pre-transplant 27 (30.7%) 10 (33.3%) 37 (31.4%) 0.07 0.822

Post-transplant 61 (69.3%) 20 (66.5%) 81 (68.6%)

Infection sites, n (%)

Pulmonary 51 (58.0%) 18 (60.0%) 69 (58.5%) 1.15 0.764

Bloodstream 33 (37.5%) 14 (46.7%) 47 (39.8%)

Intestinal 13 (14.8%) 5 (16.7%) 18 (15.3%)

C 2 Infection sites 13 (14.8%) 8 (33.3%) 21 (17.8%)

CROs, n (%)

CRKP 21 (23.9%) 12 (40.0%) 33 (28.0%) 2.96 0.085

CRAB 23 (26.1%) 7 (23.3%) 30 (25.4%)

CRPA 21 (23.9%) 3 (10.0%) 24 (20.3%)

Other CREs 31 (35.2%) 8 (26.7%) 39 (33.1%)

C 2 Types of CRO 34 (38.6%) 5 (16.7%) 39 (33.1%)

Highly suspected CRO 7 (8.0%) 5 (16.7%) 12 (10.2%)

Colistin sulfate administration

Loading dose, n (%) 5 (5.7%) 4 (13.3%) 9 (7.6%) 0.229

Daily dose, n (%)

1.0 million IU/day 30 (34.1%) 17 (56.7%) 47(39.8%) 4.76 0.029

1.5 million IU/day 58 (65.9%) 13 (43.3%) 71 (60.2%)

Cumulative dose, million IU

(mean ± SD)

18.58 ± 7.89 14.67 ± 10.35 17.58 ± 8.70 2.160 0.033
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with different medications showed that the
efficacy of colistin sulfate in combination with
one or two antibacterial agents was superior to
that of colistin sulfate monotherapy, but it was
not when combined with three antibacterial
agents (Fig. 2B).

Of the 106 patients with bacterial culture
results, 77 (72.6%) achieved eradication of the
causative microorganism, including 72 (88.9%)
in the effective group and 5 (20.0%) in the
ineffective group. Compared to the ineffective
group, patients in the clinically effective group

had a significantly higher microbial response
rate (p\0.001).

Analysis of Infection Indicators

The changes in clinical parameters were evalu-
ated before and after colistin sulfate treatment.
Overall, all monitored clinical infection-associ-
ated indicators were improved after colistin
sulfate treatment, with neutrophil counts and
platelet levels significantly increased (p\0.05),
and C-reaction protein (CRP) and procalcitonin
(PCT) levels significantly decreased (p\0.05).

Table 1 continued

Characteristics Effective group
(n = 88)

Ineffective group
(n = 30)

Total
(N = 118)

t/v2

value
p-value

Treatment duration, days

(mean ± SD)

13.73 ± 6.14 9.90 ± 4.05 12.75 ± 5.91 3.18 0.002

Treatment course, n (%)

B 7 days 10 (11.4%) 11 (36.7%) 21 (17.8%) 10.77 0.005

8–14 days 47 (53.4%) 14 (46.7%) 61 (51.7%)

[ 14 days 31 (35.2%) 5 (16.7%) 36 (30.5%)

Antibacterial combination therapy, n (%)*

Colistin sulfate monotherapy 3 (3.4%) 6 (20.0%) 9 (7.6%) 10.33 0.016

Combined one antibacterial agent 32 (36.4%) 8 (26.7%) 40 (33.9%)

Combined 2 antibacterial agents 44 (50%) 11 (36.7%) 55 (46.6%)

Combined C 3 antibacterial

agents

9 (10.2%) 5 (16.6%) 14 (11.9%)

Outcome

Bacteria eradication 72 (88.9%) 5 (20.0%) 77 (72.6%)� 41.89� \ 0.001

Nephrotoxicity 5 (5.7%) 4 (13.3%) 9 (7.6%) 0.221

Neurotoxicity 1 (1.1%) 2 (6.7%) 3 (2.5%) 0.159

SD Standard deviation; CRO carbapenem-resistant organisms; CRAB carbapenem-resistant Acinetobacter baumannii; CRKP
carbapenem-resistant Klebsiella pneumoniae; CRPA carbapenem-resistant Pseudomonas asaeruginosa; CRE carbapenem-
resistant Enterobacteriaceae; IU international units
*Antibacterial agents used in combination with colistin sulfate included carbapenems, aminoglycosides, quinolones, fos-
fomycin, tigecycline, aztreonam, etc.
�v2-value
�Twelve patients who received empirical treatment were excluded because of lack of bacterial culture results
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Compared to baseline, an increase in creatinine
(Cr) was observed after colistin sulfate admin-
istration, suggesting that colistin sulfate treat-
ment might impair renal function. However,
the level of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and total
bilirubin (TBIL) did not change significantly,
suggesting that colistin sulfate did not affect
liver function (p[ 0.1) (Fig. 3).

Factors Associated with Clinical Efficacy

Multivariate logistic regression was used to
analyze all above variables that showed signifi-
cant differences and potentially affected the
colistin treatment efficacy. The treatment
course (p = 0.031; OR = 2.980; 95% CI
1.107–8.019) and combination with other
antibacterial agents (p = 0.012; OR = 3.009;
95% CI 1.276–7.095) were identified factors that
were significantly associated with the treatment
effectiveness of colistin sulfate. These suggest
that the treatment duration of colistin sulfate
and co-medication with other antibacterial
agents, rather than the daily dose of colistin

sulfate and transplant status, might affect the
curative effect (Fig. 4).

Mortality Analysis

Twenty-seven patients died within 30 days,
with an overall 30-day all-cause mortality of
22.9%. Compared to the ineffective group,
patients in the clinically effective group had
significantly lower 30-day mortality (8.0% vs.
66.7%, v2 = 43.71, p\ 0.001) (Fig. 5).

Safety Evaluation

Overall, nephrotoxicity was observed in nine
(7.6%) cases and neurotoxicity in three cases
(2.5%). The incidence of these adverse events
was comparable between the clinically effective
and ineffective groups, with incidences of
nephrotoxicity of 5.7% and 13.3% (p = 0.221)
and neurotoxicity of 5.7% and 13.3%
(p = 0.159), respectively (Table 1). These nine
patients developed renal impairment within
4–7 days after drug administration, of which
seven patients experienced a gradual decrease in
creatinine after discontinuation of colistin

Fig. 2 A Compared with the efficacy of colistin sulfate at
different treatment durations. B Compared with the
efficacy of colistin sulfate at different antimicrobial
combinations. Antibacterial agents used in combination

with colistin sulfate included carbapenems, aminoglyco-
sides, quinolones, fosfomycin, tigecycline, aztreonam, etc.
*p\ 0.05; **p\ 0.001; NS not statistically significant

148 Infect Dis Ther (2024) 13:141–154



sulfate and two died the next day of acute renal
failure caused by septic shock. Three patients
with neurotoxicity were relieved 2 days after

discontinuation of colistin sulfate (not shown
in Table 1). Treatment with colistin sulfate was
safe and well tolerated.

Fig. 3 Comparison of patient clinical parameters at
baseline and after therapy. Pre: indicates the baseline level
before colistin sulfate treatment; post: indicates the level
after colistin sulfate treatment; SD standard deviation;
ALT alanine aminotransferase; AST aspartate

aminotransferase; Cr creatinine; CRP C-reaction protein;
PLT platelet; PCT procalcitonin; TBIL total bilirubin.
Data were expressed as mean ± SD. *p\ 0.05;
**p\ 0.001; NS not statistically significant

Fig. 4 Multivariate logistic regression analysis of the factors affecting the efficacy of colistin sulfate treatment
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DISCUSSION

In this study, the clinical data of 118 patients
with CRO infections treated with colistin sulfate
were retrospectively analyzed. Based on the
product sheet’s recommended dose of 1.0–1.5
million IU per day, clinical response and bac-
terial clearance was achieved in 74.6% and
65.3%, respectively, showing superior effec-
tiveness over that previously published retro-
spective studies by Jin et al. (58% and 40%,
respectively) and Lu et al. (53.8% and 49.1%,
respectively) [29]. Notably, in the current study
population, approximately six in ten patients
had pulmonary infections, while none of these
patients received nebulized antibiotic therapy.
Effective antibiotic therapy for pulmonary
infections requires the drug concentration at
the infection site to be sufficient to meet or
exceed the minimal inhibitory concentration
(MIC) to inhibit or kill a particular bacterial
strain. Although lung tissue penetration of col-
istin sulfate after intravenous infusion is
unknown, and how this may affect the clinical
efficacy in our studied population remains
unclear, it is reasonable to assume a higher
efficacy when using nebulized along with
intravenous infusion of colistin sulfate consid-
ering that polymyxins do not efficiently diffuse
into tissues and generally have poor penetration
into the lung tissue [30].

In addition, a study of polymyxin B in
patients with CRO infections showed that

treatment with a duration of 8–14 days
or[14 days had significantly greater efficacy
than those with a duration of 3–7 days (all
p\0.05); however, extending the treatment
duration to[14 days did not show a significant
increase in efficacy compared to that treatment
for 8–14 days (p[0.05) [15]. The results of our
study are consistent with those of polymyxin B.
Extending the treatment duration of colistin
sulfate to 8–14 days can result in better clinical
efficacy than that not exceeding 7 days.
Although a treatment duration of[14 days also
showed better efficacy, it seems this treatment
duration confers no additional significant ben-
efit compared with that of 8–14 days. However,
prior studies examining the impact of the
polymyxin treatment duration on hematologi-
cal patients with CRO infection remain limited.
Therefore, the optimal treatment course for
colistin sulfate for patients with hematological
diseases remains uncertain and needs to be
further investigated.

Heterogeneous resistance against polymyx-
ins has been often observed during the treat-
ment of CRE, CRPA, and CRAB infections [31].
However, the risk of heterogeneous resistance
can be improved or decreased by using a com-
bination of polymyxins and other antimicro-
bials [32–34]. In our study, 80.5% of patients
were treated with colistin sulfate combined
with one or two other antimicrobials, and
clinical response was achieved by 80.0% of
these patients. This is considered comparable to
the results of other studies on polymyxin com-
bination therapy versus polymyxin monother-
apy [35–37]. Notably, in our current study, only
a small fraction of patients (9/118) received
colistin sulfate monotherapy, and the corre-
sponding results are based on a small sample
size, which may cause statistical errors.

In the univariate study, increasing the daily
dose of colistin sulfate could improve the effi-
cacy, but further multivariate logistic analysis
showed that the daily dose was not a factor
affecting the efficacy, which might be disturbed
by the interaction of combination drugs.

High post-treatment CRP and PCT levels
indicated poor therapeutic effects of antibiotics.
CRP and PCT are reliable biomarkers for differ-
entiating bacterial infections in monitoring

Fig. 5 Kaplan-Meier survival analysis curve at 30 days
following treatment with colistin sulfate
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inflammation and infection courses [38–40].
The present study demonstrated a significant
decrease in the levels of CRP and PCT after
treatment with colistin sulfate. Due to the lack
of therapeutic drug monitoring (TDM), post-
treatment CRP and PCT levels were used to
assess the response of patients to colistin sulfate
therapy and to determine whether to continue
therapy. In addition, the neutrophil and plate-
let counts were significantly increased in
patients with hematological diseases. In turn,
the increase of neutrophils after colistin sulfate
treatment contributes to anti-infective therapy.

In terms of adverse events, the overall inci-
dence of adverse events to colistin sulfate is low.
In this study, only 7.6% of the patients had
mild nephrotoxicity, 2.5% had neurotoxicity,
and no patients had hepatic dysfunction.
Studies have shown that nephrotoxicity is dose
limiting for polymyxins [19, 41, 42]. Two recent
meta-analyses showed that the overall inci-
dences of CMS- and PMB-induced nephrotoxi-
city were 34.8% and 45%, respectively [43, 44].
Compared with those of CMS and polymyxin B,
the event of renal impairment associated with
colistin sulfate was considerably lower (up to
9.2%) [21, 45]. Furthermore, unlike polymyxin
B, we did not find any skin hyperpigmentation
in the current study [15]. Considering these
findings, we suggest that the rational use of
colistin sulfate in the clinic is effective and safe.

However, this study has several limitations.
First, this is a single-center retrospective study
with limited sample size. Second, the drug
concentrations of colistin sulfate were not
monitored during the treatment, and PK/PD
analysis was lacking. Clinicians made clinical
decisions about dosage, administration, and
duration based on guidelines and personal
clinical experience, which made it difficult to
identify the optimal therapeutic concentra-
tions. Third, the majority of patients were
treated with colistin sulfate in conjunction with
other drugs, and colistin sulfate might be not
solely responsible for the ultimate effectiveness.
Moreover, in the current study, a significant
fraction of patients (58.5%) had lung infections
but did not receive any nebulized antibiotic
therapy, which may affect the possible antimi-
crobial treatment and outcomes. Therefore,

prospective, multicenter, randomized con-
trolled, and well-designed trials are needed to
better evaluate the efficacy and safety of colistin
sulfate in the future.

CONCLUSIONS

As one of the polymyxins, colistin sulfate has
been marketed in China in 2018 and has played
an increasingly important role in the treatment
of CRO infections. There is an unmet need to
clarify the efficacy and safety of colistin sulfate
in hematological patients with CRO infections,
and such a real-world study fills the gap in the
current literature and provides a valuable refer-
ence for the clinical use of colistin sulfate. As
the study had shown, colistin sulfate is an
effective antimicrobial drug against CRO infec-
tions. Furthermore, the study found that the
treatment course of colistin sulfate and its
combination with other antimicrobial agents
were the factors affecting the clinical efficacy of
colistin sulfate. Colistin sulfate has a low inci-
dence of nephrotoxicity and neurotoxicity,
which provides a reference value for the rational
use of colistin sulfate in clinical practice.
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