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Purpose

Patients afflicted with hematological diseases are at an elevated risk of infection, with the potential for the development of sepsis. This study aims to analyze the effectiveness and safety of colistimethate sodium (CMS) in the management of sepsis in Chinese patients with hematological diseases.





Methods

A retrospective study was conducted on hematological diseases patients diagnosed as sepsis and treated with CMS at the First Affiliated Hospital of Soochow University between November 2021 and July 2023. Demographics, clinical presentation, causative organisms, clinical outcomes and adverse events (AEs) were recorded. The univariate and multivariate analysis was conducted to identify predictive factors for clinical effectiveness and renal insufficiency.





Results

A total of 81 hematological patients diagnosed with sepsis were included, the mean (change in sequential organ failure assessment [SOFA] score) ΔSOFA when utilizing CMS was 3.90 ± 2.10. Following CMS treatment, a clinical effectiveness rate was observed in 62.96% of patients, while the bacteriological eradication rate was 60.23%. Additionally, the 28-day all-cause mortality rate was 29.63%. The median length of stay in the ICU and total in-hospital stay was 13.5 and 33 days, respectively. AEs were reported in 16 patients (19.75%), including 15 (18.52%) renal insufficiency, 1 (1.23%) hepatic insufficiency, and 1 (1.23%) rash. The multivariate analysis of clinical effectiveness indicated that a higher Acute Physiology and Chronic Health Evaluation (APACHE) II score, a higher Charlson comorbidity index, the relapse or refractory of hematological diseases, septic shock, and the use of mechanical ventilation was independently associated with a poor clinical effectiveness. The univariate analysis of renal insufficiency demonstrated that allogeneic hematopoietic stem cell transplantation, aplastic anemia, and gastrointestinal infection had a statistically significant impact on renal function.





Conclusions

The findings of our study demonstrated that CMS was an efficacious treatment for sepsis in Chinese patients with hematological diseases, while concurrently exhibiting an acceptable toxicity profile.
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1 Introduction

Serious infection complications are leading causes for intensive care unit (ICU) admission and mortality in patients with hematological diseases undergoing intensive cytotoxic chemotherapy (Azoulay et al., 2013). Within first year of treatment, 12-27% of patients with hematological diseases develop sepsis due to severe infections, a rate significantly higher than that observed in non-cancer populations (MacPhail et al., 2024). The dysregulated response to infection in patients with sepsis frequently leads to organ dysfunction and circulatory disorders, which can be life-threatening (Font et al., 2020). Estimates indicated a 28-day mortality rate of 67.8% for patients with hematological diseases and septic shock, with a 90-day survival rate of only 19.4% (Manjappachar et al., 2022). Therefore, controlling severe infections and reducing mortality in patients with hematologic disorders pose major clinical challenges.

International guidelines recommend that hematological diseases patients with sepsis using antipseudomonal beta-lactam or carbapenem as empirical antibiotic therapy (Kochanek et al., 2019; Moreno-Sanchez and Gomez-Gomez, 2022). However, the detection of multidrug-resistant (MDR) bacterial pathogens, especially carbapenem-resistant organisms (CRO), poses a significant challenge to the management of sepsis in patients with hematological diseases, often necessitating the reuse of old or non-conventional agents (Hansen et al., 2020). Polymyxins are a peptide antibiotic that targets the outer membrane of Gram-negative bacteria and exhibits significant activity against various drug-resistant bacteria, including CRO pathogens (Nang et al., 2021). Given the paucity of new antibiotics, polymyxins are increasingly being reconsidered as last-resort antibiotics for MDR bacterial pathogens infection.

Colistimethate sodium (CMS) is a polyanionic inactive prodrug formed by the reaction of colistin with formaldehyde and sodium bisulfite (Figure 1). This prodrug is gradually hydrolyzed and transformed into colistin base and various inactive methanesulfonated compounds in aqueous media and biological fluids, providing a relatively long-lasting antibacterial effect while significantly reducing the risk of kidney injury at the initial stage of administration (Poirel et al., 2017; Xu et al., 2023). In addition to its direct antibacterial activity, CMS also exhibits potent immunomodulatory properties which might be beneficial for sepsis patients with cytokine dysregulation (Matzneller et al., 2017). CMS has been adopted by hospitals worldwide and as salvage therapy for otherwise untreatable gram-negative infections (Tsuji et al., 2019). Studies have shown that CMS is effective in treating severe infections caused by multidrug-resistant Pseudomonas aeruginosa (MDR-PA) in patients with hematological diseases, with 76.9% of patients achieved resolution of infection (Durakovic et al., 2011). In ICU sepsis patients, CMS demonstrated favorable clinical effectiveness with an observed treatment response rate of 82.1% (Dalfino et al., 2012). Particularly, CMS also demonstrates well tolerability in patients with hematological diseases, no serious adverse events (AEs) was observed after high dose CMS−based therapy (Grignolo et al., 2017). However, due to the late launch of CMS in China, clinical evidence is still limited, especially in the treatment of sepsis in hematological diseases patients.
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Figure 1 | The chemical structure of colistimethate sodium. L-DAB, Levogyre-Diaminobutyric acid; L-Thr, Levogyre-Threonine; D-Leu, Dextrogyre- Leucine; R, in polymyxin E1, R = CH3, in polymyxin E2, R = H.

This study retrospectively analyzed the effectiveness and safety of CMS in the management of Chinese hematological diseases patients with sepsis, aiming to provide more evidence for the clinical application of CMS and achieve the precise treatment of sepsis in patients with hematological diseases.




2 Materials and methods



2.1 Study design and population

This study was a single-center, retrospective study conducted at the First Affiliated Hospital of Soochow University in Jiangsu, China. Hospitalized patients with hematological diseases who were diagnosed as sepsis and treated with CMS between November 2021 and July 2023 were included to analyze the clinical effectiveness and safety. According to the Sepsis-3 criteria, patients with suspected infection demonstrating an increase of ≥2 points in the Sequential Organ Failure Assessment (SOFA) score from baseline, and typically requiring ICU admission, are diagnosed with sepsis. ICU admission criteria: 1) Persistent deterioration in SOFA score; 2) Need for vasoactive drugs to maintain blood pressure; 3) Respiratory failure requiring mechanical ventilation. The demographic, clinical, laboratory and microbiological characteristics of each enrolled patient were collected at baseline (before the onset of sepsis), administration and follow-up period (28 ± 1 day after the start of administration). The study was conducted in accordance with the Declaration of Helsinki and approved by the First Affiliated Hospital of Soochow University Medical Ethics Committee (2023-452).




2.2 Isolation of strains and antimicrobial sensitivity testing

The isolation, cultivation, and identification of strains were carried out in accordance with the national clinical laboratory practice. The samples were collected within one hour of sepsis and prior to CMS administration. The mass spectrometry identification, VITEK MS automatic rapid microbial mass spectrometry detection system, the VITEK AST GN67 and XN04 card (bioMérieux, France) was used for strain identification and antimicrobial sensitivity testing. The minimum inhibitory concentrations (MICs) of colistin for causative organisms were determined by the broth micro-dilution (bio-kont, China), classified using the European Committee for Drug Allergy Testing (EUCAST 2020) standards. Other drugs MICs were interpreted based on the American Clinical and Laboratory Standards Institute (CLSI) M100–2019 standards.




2.3 CMS administration

All enrolled patients received initial empiric or salvage therapy of CMS (Chia Tai Tianqing Pharmaceutical Group Co., Ltd, China). On the basis of local antimicrobial resistance monitoring data and renal function of patients, the initial empirical treatment of CMS was recommended for patients who have progressed to sepsis after receiving a broad-spectrum β-lactam or carbapenems, particularly in high-risk MDR populations such as those who have undergone allogeneic hematopoietic stem cell transplantation (allo-HSCT). Furthermore, in cases where pathogen infections have been demonstrated to be sensitive to CMS in vitro drug sensitivity tests, CMS was utilized as a targeted therapeutic agent. Typically, CMS is administered at a dose of 2.5 to 5 mg/kg/day intravenously. The median time to symptom improvement using CMS in this study was 6.00 days. The specific dosage was adjusted by clinical physicians based on the renal function of each patient, and the maximum daily dose is not more than 5 mg/kg. The differences between empirical therapy and targeted therapy in terms of applicable conditions and basis for decision were shown in Supplementary Table S1.




2.4 Clinical outcomes

The primary outcome was the clinical effectiveness evaluated at the conclusion of administration. Clinical effectiveness was characterized by the fulfillment of all key criteria: 1) patient survival, 2) significant improvement or complete resolution of infection-related clinical symptoms/signs, and 3) normalization of inflammatory biomarkers (including C-reactive protein [CRP] and procalcitonin [PCT]) or a reduction of at least 50% from baseline levels, along with at least one supportive criterion: 1) hemodynamic stability without vasopressor support, or 2) microbiologically confirmed eradication (defined as negative cultures) or presumed eradication. The secondary outcomes included: 1) Bacteriological eradication at the end of administration, defined as the proportion of patients with eradication and presumed eradication in the patients with identified pathogenic bacteria. The bacteriological eradication was defined as the failure to cultivate pathogenic bacteria from the original infected site of the specimen after treatment, presumed eradication was defined as the disappearance of symptoms and signs makes it impossible to obtain cultivable materials (such as sputum, skin pus, or secretions), or the method of obtaining specimens is too invasive for rehabilitation patients. 2) 28-day all-cause mortality, which was defined as the proportion of the total number of deaths caused by various reasons within 28 days after the start of administration in the total population. 3) The length of ICU stay and total in-hospital stay. 4) The incidence of renal insufficiency, which was defined using RIFLE criteria. The ‘‘Risk,’’ ‘‘Injury,’’ and ‘‘Failure’’ of the RIFLE criteria were based on peak serum creatinine (Scr) values during CMS administration.




2.5 Safety analysis

The safety was evaluated based on AEs that occurred during the administration and follow-up. The occurrence of renal insufficiency based on the RIFLE criteria was recorded. The AEs related to CMS treatment was listed and corresponding incidence rates were calculated.




2.6 Statistical analysis

All statistical analyses were performed with SPSS version 16.0 (SPSS Inc., Chicago, IL). The descriptive statistics was used to assess the baseline characteristics of patients. Continuous variables were represented by mean ± standard deviation (SD) or median (interquartile range, IQR), and categorical variables were represented by the corresponding number of cases and percentage. Clopper-Pearson method was used to calculate the 95% confidence interval of clinical effectiveness, bacteriological eradication, and other indicators. The univariate and multivariate analysis of clinical effectiveness and renal insufficiency was conducted, and two independent sample T-tests was used if the continuous variables follow a normal distribution; On the contrary, non-parametric Mann Whitney U test was used. The chi-square test or Fisher’s exact test was used for categorical variables.





3 Results



3.1 Baseline characteristics

A total of 81 hematological patients diagnosed with sepsis were included, the demographic and clinical characteristics before the onset of sepsis were shown in Table 1. The mean age of patients was 45.21 ± 14.55 years, and 61.73% were male. The most common underlying conditions in hematological was acute leukemia (66.67%), followed by lymphoma (19.75%) and aplastic anemia (AA, 6.17%). 32.1% of patients received allo-HSCT. 29.63% of patients with past medical history, and the three most common diseases were hypertension (14/24, 58.33%), diabetes (8/24, 33.33%), and hepatitis (5/24, 20.83%). 45.68% of patients experienced septic shock, and 72.84% of patients developed neutropenia before the infection. Among these neutropenia patients, 58 patients had neutrophil counts below 0.5×109/L, including 48 patients meeting the criteria for severe neutropenia (<0.1×109/L). The median duration of neutropenia before the CMS therapy in this cohort was 12 days. The mean acute physiology and chronic health evaluation (APACHE) II score and Charlson comorbidity index of patient was 13.54 ± 5.80 and 3.53 ± 1.77, respectively. The mean ΔSOFA score when utilizing CMS was 3.90 ± 2.10. Sixty-three patients (77.78%) had a documented causative pathogen of sepsis, of which carbapenem-resistant Klebsiella pneumoniae (30.16%) was the most common causative organism, followed by carbapenem-resistant Pseudomonas aeruginosa (12.70%). The median MICs of colistin against causative organisms were 1 µg/mL. Lung infection (62.96%) was the most common infection, followed by bloodstream infection (48.15%). 20.99% of patients underwent mechanical ventilation and 45.68% of patients received vasoactive agent. None of the patients received prophylactic antibiotic therapy. In view of the severe sepsis, all patients were treated with an anti-infective therapy containing CMS. 79.01% of patients received CMS empirical therapy, while 24.69% of patients were adjusted to CMS targeted therapy after drug susceptibility results.


Table 1 | The demographic and clinical characteristics of patients.
	Variables
	Total (n = 81)



	Age, years, mean ± SD
	45.21 ± 14.55


	Gender, male, no. (%)
	50 (61.73)


	Underlying conditions in hematological, no. (%)


	 Malignancies
	 


	 Acute leukemia
	54 (66.67)


	 Lymphoma
	16 (19.75)


	 AA
	5 (6.17)


	 MDS
	2 (2.47)


	 Others
	4 (4.94)


	Diagnosis of hematological diseases, no. (%)


	 Newly diagnosed
	29 (35.80)


	 Remission
	15 (18.52)


	 Relapse or refractory
	37 (45.68)


	Allo-HSCT, no. (%)
	26 (32.10)


	Past medical history, no. (%)
	24 (29.63)


	 Hypertension
	14 (58.33)


	 Diabetes
	8 (33.33)


	 Hepatitis
	5 (20.83)


	 Others*
	4 (16.67)


	Neutropenia before the infection, no. (%)
	59 (72.84)


	 <0.5×109/L
	59 (100%)


	 <0.1×109/L
	48 (81.36)


	Duration of neutropenia before CMS therapy, days, median (IQR)
	12.00 (5.00, 23.50)


	Septic shock, no. (%)
	37 (45.68)


	APACHE II score, mean ± SD
	13.54 ± 5.80


	Charlson comorbidity index, mean ± SD
	3.53 ± 1.77


	Procalcitonin#, ng/mL, mean ± SD
	16.69 ± 25.79


	ΔSOFA score when utilizing CMS, mean ± SD
	3.90 ± 2.10


	Detection of causative organisms, no. (%)
	63 (77.78)


	Main causative organisms, no. (%)


	 Carbapenem-resistant Klebsiella pneumonia (median colistin MICs 1 µg/mL)
	19 (30.16)


	 Carbapenem-resistant Pseudomonas aeruginosa (median colistin MICs 1 µg/mL)
	8 (12.70)


	 Carbapenem-resistant Enterobacteriaceae (median colistin MICs 1 µg/mL)
	4 (3.65)


	 Carbapenem-resistant Acinetobacter baumannii (median colistin MICs 1 µg/mL)
	3 (4.76)


	Site of infection, no. (%)


	 Lung
	51 (62.96)


	 Bloodstream
	39 (48.15)


	 Skin soft-tissue
	15 (18.52)


	 Digestive tract
	11 (13.58)


	 Others
	2 (2.47)


	Mechanical ventilation, no. (%)
	17 (20.99)


	Vasoactive agent, no. (%)
	37 (45.68)


	Colistin MICs, µg/mL, median (min-max)
(min-max)
	1 (0.25, 2)


	CMS therapy, no. (%)


	 Empirical therapy
	64 (79.01)


	 Targeted therapy
	20 (24.69)





Data are presented as mean ± SD, no. (%), median (IQR), where no. is the total number of patients with available data.

*The others past medical history include 2 heart diseases, 1 chronic obstructive pulmonary disease and 1 other malignancy.

#The laboratory reference range for procalcitonin is 0-0.5 ng/mL.

MDS, myelodysplastic syndromes; AA, aplastic anemia; Allo-HSCT, allogeneic hematopoietic stem cell transplantation; APACHE II, acute physiology and chronic health evaluation II; ΔSOFA, change in Sequential Organ Failure Assessment score from baseline; MICs, minimum inhibitory concentrations; CMS, Colistimethate sodium.



The resistance of causative pathogens to meropenem and imipenem was 66% and 63.83%, respectively. 41.67% of causative pathogens were susceptible to tigecycline, while the antimicrobial nonsusceptibility to ampicillin/sulbactam and ceftazidime-avibactam was 93.03% and 66.67%. Notably, 100% of causative pathogens were susceptible to colistin, with MICs of ≤ 2.0 µg/mL (Table 2; Figure 2).


Table 2 | Susceptibility of causative pathogens to antimicrobial agents.
	Antimicrobial Agents
	Tested, no.
	Susceptibility no. (%)
	Intermediate no. (%)
	Resistance no. (%)



	Meropenem
	50
	16 (32.00)
	0
	33(66.00)


	Imipenem
	47
	17 (36.17)
	0
	30 (63.83)


	Tigecycline
	48
	20 (41.67)
	6 (12.50)
	22(45.83)


	Ampicillin/sulbactam
	43
	3 (6.98)
	1 (2.33)
	39 (90.70)


	Ceftazidime-avibactam
	24
	8 (33.33)
	0
	16 (66.67)


	Colistin
	20
	20 (100.00)
	0
	0







[image: Bar chart showing the number of causative pathogens and their susceptibility, intermediate response, and resistance to six antibiotics: Meropenem, Imipenem, Tigecycline, Ampicillin/sulbactam, Ceftazidime-avibactam, and Colistin. Susceptibility is marked in blue, intermediate in orange, and resistance in green.]
Figure 2 | Susceptibility of causative pathogens to antimicrobial agents.




3.2 Clinical outcomes and safety

Clinical effectiveness was seen in 62.96% (95% CI: 51.51-73.44) of patients and clinical ineffective was seen in 37.04% of patients (Table 3; Figure 3). Bacteriological eradication was obtained in 38 patients (60.32%, 95% CI: 47.20-72.43), with persistent infection observed in 13 patients (20.63%). Among the 59 patients who developed neutropenia before infection, 47 patients were detected with pathogenic bacteria, with a bacteriological eradication rate of 59.57% (28/47). The bacteriological eradication rate of patients with severe neutropenia was 53.66% (22/41), which was slightly lower than that of all neutropenia patients. Overall, the 28-day all-cause mortality was 29.63% (95% CI: 19.99-40.81). The median length of ICU and total in-hospital stays was 13.5 (95% CI: 12.00-22.50) and 33 (95% CI: 31.50-38.00) days, respectively. The median time to symptom improvement was 6 (95% CI: 5.50-8.50) days.


Table 3 | Clinical outcomes of patients treated with CMS.
	Variables
	No. (%) or median (min, max)
	95% CI



	Primary outcome


	 Clinical effectiveness
	51 (62.96)
	51.51, 73.44


	Secondary outcomes


	 Bacteriological eradication*
	38 (60.32)
	47.20, 72.43


	 28-day all-cause mortality
	24 (29.63)
	19.99, 40.81


	 Length of ICU stay, days
	13.50 (1.00, 79.00)
	12.00, 22.50


	 Length of total in-hospital stay, days
	33.00 (4.00, 98.00)
	31.50, 38.00


	 Time to symptom improvement, days
	6.00 (2.00, 39.00)
	5.50, 8.50


	 Renal insufficiency
	15 (18.52)
	10.15, 28.70





*Apart from the bacteriological eradication which was calculated among the 63 patients who had the pathogenic bacteria detected, all other outcomes were calculated in the entire population.
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Figure 3 | The clinical outcomes of patients treated with CMS, including (A) clinical effectiveness, (B) bacteriological eradication, and (C) 28-day all-cause mortality.

Furthermore, a subgroup analysis was conducted to evaluate the effectiveness of different CMS therapy regimens (Table 4). The clinical effectiveness rate and the bacteriological eradication rate of CMS targeted therapy were both 66.67% (95% CI: 43.03-85.41). The clinical effectiveness rate and the bacteriological eradication rate of CMS empirical therapy was 60.66% (95% CI: 47.31-72.93) and 55.81% (95% CI: 39.88-70.92), respectively, which was comparable to the effectiveness of targeted therapy. However, the median length of total in-hospital stay in the targeted therapy group was slightly longer than that in the empirical treatment group (35.86, 95% CI: 29.53-42.19 vs. 33.00, 95% CI: 30.50-38.00). Notably, only one patient received CMS monotherapy, and achieved clinical effectiveness and bacteriological eradication during the 32-day hospitalization period. Among different CMS combination therapy regimens, the effectiveness of CMS combined with amikacin and aztreonam was higher than that of other combined regimens, with a clinical effectiveness rate of 81.82% (9/11, 95% CI: 48.22-97.72), and a bacteriological eradication of 80.00% (8/10, 95% CI: 44.39-97.48).


Table 4 | Subgroup analysis of clinical outcomes in patients treated with CMS.
	Type of therapy
	Clinical effectiveness (n=81), no. (%), (95%CI)
	Bacteriological eradication* (n=63), no. (%), (95%CI)
	Length of total in-hospital stay, (n=81), days, median, (95%CI)



	CMS therapy


	 Empirical therapy
	37 (60.66), (47.31, 72.93)
	24 (55.81), (39.88, 70.92)
	33.00, (30.50, 38.00)


	 Targeted therapy
	14 (66.67), (43.03, 85.41)
	14 (66.67), (43.03, 85.41)
	35.86, (29.53, 42.19)


	CMS monotherapy
	1 (100.00), (2.50,100.00)
	1 (100.00), (2.50,100.00)
	32.00, (32.00, 32.00)


	CMS combination therapy#


	 Penicillin preparations
	4 (57.14), (18.41, 90.10)
	3 (60.00), (14.66, 94.72)
	38.57, (31.93, 45.22)


	 Carbapenems
	21 (53.85), (37.18, 69.91)
	15 (51.72), (32.53, 70.55)
	33.00, (28.00, 38.00)


	 Tigecycline
	12 (60.00), (36.05, 80.88)
	9 (52.94), (27.81, 77.02)
	35.00, (31.50, 42.00)


	 Third-generation Cephalosporins
	7 (77.78), (39.99, 97.19)
	5 (71.43), (29.04, 96.33)
	38.56, (21.71, 55.41)


	 Ceftazidime-avibactam
	6 (66.67), (29.93, 92.51)
	5 (62.50), (24.49,91.48)
	31.50, (26.00, 51.50)


	 Others
	9 (81.82), (48.22, 97.72)
	8 (80.00), (44.39, 97.48)
	41.27, (30.47, 52.07)





*Apart from the bacteriological eradication which was calculated among the 63 patients who had the pathogenic bacteria detected, all other outcomes were calculated in the entire population.

#The penicillin preparation is piperacillin-tazobactam. The carbapenem drugs include meropenem, imipenem and biapenem. Other drugs include amikacin and aztreonam.



Among the 81 patients, AEs were reported in 16 patients (Table 5). Renal insufficiency was reported in 18.52% (15/81) patients, which was the most frequent adverse event. According to the RIFLE criteria, patients with renal insufficiency were classified as risk in 5 (33.33%) patients, injury in 9 (60%) patients, and failure in 1 (6.67%) patient. The dosage of CMS was adjusted based on the SCr clearance rate for patients with renal insufficiency. One patient who was in the “Failure” stage and 4 patients who did not meet the “Failure” criteria but whose Scr levels were showing a rising trend were discontinued from using CMS. It is worth noting that none of the patients progressed to require continuous renal replacement therapy (RRT) for at least 4 weeks. Additionally, CMS exhibited favorable tolerance with 1 (1.23%) hepatic insufficiency and 1 (1.23%) rash.


Table 5 | Adverse events possibly or probably related to the use of CMS.
	Adverse events, no. (%)
	Total (n = 81)



	Renal insufficiency (RIFLE criteria)
	15 (18.52)


	 Risk (R) SCr increase ≥50% or eGFR decrease >25%
	5 (33.33)


	 Injury (I) SCr increase ≥100% or eGFR decrease >50%
	9 (60.00)


	 Failure (F) SCr increase ≥200% or eGFR decrease 75%
	1 (6.67)


	 Loss (L) Complete loss of kidney function (need for RRT) >4 weeks
	0


	 ESKD (E) End stage kidney disease (need for RRT) >3 months
	0


	Hepatic insufficiency
	1 (1.23)


	Rashes
	1 (1.23)





CMS, Colistimethate sodium; SCr, serum creatinine; RRT renal replacement therapy.






3.3 Predictors of clinical ineffective and renal insufficiency

The univariate analysis of clinical effectiveness indicated that several factors such as age, past medical history, APACHE II score, Charlson comorbidity index score, ΔSOFA score when utilizing CMS, hematological diagnosis, septic shock, requirement for mechanical ventilation significantly influence clinical outcomes. The multivariate analysis of clinical effectiveness revealed that a higher APACHE II score, a higher Charlson comorbidity index, relapse or refractory of hematological diseases, septic shock, and the administration of mechanical ventilation were independently associated with poor clinical effectiveness (Table 6). The univariate analysis of renal insufficiency demonstrated that allo-HSCT, aplastic anemia, and digestive tract infection had a statistically significant impact on renal function in hematological diseases patients (Table 7).


Table 6 | Univariate and multivariate analysis of factors associated with clinical outcome.
	Variables
	Clinical effectiveness
	Clinical ineffectiveness
	Univariate analysis
	Multivariate analysis


    	(n = 51)
	(n = 30)
	OR (95%CI)
	P value
	OR (95%CI)
	P value



	Age, years, mean ± SD
	42.67 ± 13.83
	49.53 ± 14.95
	0.97 (0.93, 0.99)
	0.043
	1.01 (0.96, 1.06)
	0.829


	Gender, no. (%)
	 
	 
	1.40 (0.55, 3.68)
	0.484
	 
	 


	 Male
	21 (41.18)
	10 (33.33)
	 
	 
	 
	 


	 Female
	30 (58.82)
	20 (66.67)
	 
	 
	 
	 


	Underlying conditions in hematological, no. (%)


	 Acute leukemia
	36 (70.59)
	18 (60.00)
	1.60 (0.62, 4.15)
	0.331
	 
	 


	 Lymphoma
	11 (21.57)
	5 (16.67)
	1.38 (0.44, 4.79)
	0.593
	 
	 


	 AA
	3 (5.88)
	2 (6.67)
	0.88 (0.14, 6.95)
	0.887
	 
	 


	 MDS
	0 (0.00)
	2 (6.67)
	/
	/
	 
	 


	Diagnosis of hematological diseases, no. (%)


	 Newly diagnosed
	23 (45.10)
	6 (20.00)
	3.29 (1.20, 10.10)
	0.027
	/
	/


	 Remission
	9 (17.65)
	6 (20.00)
	0.86 (0.28, 2.83)
	0.792
	0.22 (0.03, 1.51)
	0.135


	 Relapse or refractory
	19 (37.25)
	18 (60.00)
	0.39 (0.15, 0.99)
	0.050
	0.14 (0.02, 0.64)
	0.019


	Neutropenia before the infection, no. (%)
	37 (72.55)
	22 (73.33)
	0.96 (0.34, 2.62)
	0.939
	 
	 


	Allo-HSCT, no. (%)
	17 (33.33)
	9 (30.00)
	1.17 (0.45, 3.18)
	0.756
	 
	 


	Past medical history*, no. (%)
	11 (21.57)
	13 (43.33)
	0.36 (0.13, 0.96)
	0.041
	0.56 (0.14, 2.18)
	0.399


	Septic shock, no. (%)
	18 (35.29)
	19 (63.33)
	0.316(0.120,0.794)
	0.016
	0.16 (0.02, 0.87)
	0.042


	APACHEII score, mean ± SD
	12.37 ± 5.74
	15.53 ± 5.42
	0.90 (0.82, 0.98)
	0.023
	0.88 (0.78, 0.99)
	0.038


	CCI score, mean ± SD
	3.06 ± 1.64
	4.33 ± 1.71
	0.64 (0.47, 0.85)
	0.003
	0.61 (0.38, 0.91)
	0.021


	Procalcitonin#, ng/mL, mean ± SD
	15.88 ± 27.84
	18.07 ± 22.23
	0.99 (0.98, 1.02)
	0.711
	 
	 


	ΔSOFA score when using CMS, mean ± SD
	3.47 ± 1.93
	4.63 ± 2.20
	0.77 (0.60, 0.95)
	0.020
	1.41 (0.88, 2.42)
	0.174


	Mechanical ventilation, no. (%)
	4 (7.84)
	13 (43.33)
	0.11 (0.03, 0.36)
	0.001
	0.12 (0.02, 0.60)
	0.016


	Site of infection, no. (%)


	 Lung
	29 (56.86)
	22 (73.33)
	0.48 (0.17, 1.25)
	0.142
	 
	 


	 Bloodstream
	21 (41.18)
	18 (60.00)
	0.47 (0.18, 1.16)
	0.104
	 
	 


	 Skin soft-tissue
	10 (19.61)
	5 (16.67)
	1.22 (0.39, 4.29)
	0.742
	 
	 


	 Digestive tract
	7 (13.73)
	4 (13.33)
	1.43 (0.36, 7.08)
	0.624
	 
	 





*The past medical history includes diabetes, hypertension, heart disease, hepatitis, chronic obstructive pulmonary disease and other malignancies.

#The laboratory reference range for procalcitonin is 0-0.5 ng/mL.

MDS, myelodysplastic syndromes; AA, aplastic anemia; Allo-HSCT, allogeneic hematopoietic stem cell transplantation; APACHE, acute physiology and chronic health evaluation; CCI, Charlson comorbidity index; GCS, Glasgow Coma Scale; ΔSOFA, change in Sequential Organ Failure Assessment score from baseline.

Bold values indicate P < 0.05.




Table 7 | Univariate analysis of factors associated with renal insufficiency.
	Variables
	Renal insufficiency
	Normal renal function
	Univariate analysis


    	(n = 15)
	(n= 66)
	OR (95%CI)
	P value



	Age, years, mean ± SD
	44.87 ears, m
	45.29 ± 15.12
	0.99 (0.96, 1.04)
	0.919


	Gender, no. (%)
	 
	 
	2.14 (0.69, 6.83)
	0.189


	 Male
	8 (53.33)
	23 (34.85)
	 
	 


	 Female
	7 (46.67)
	43 (65.15)
	 
	 


	Underlying conditions in hematological, no. (%)


	 Acute leukemia
	7 (46.67)
	47 (71.21)
	1.02 (0.21, 3.80)
	0.979


	 Lymphoma
	3 (20.00)
	13 (19.70)
	0.35 (0.11, 1.11)
	0.075


	 AA
	4 (26.67)
	1 (1.52)
	23.63 (3.15, 486.39)
	0.007


	 MDS
	1 (6.67)
	1 (1.52)
	4.64 (0.18, 122.27)
	0.288


	Diagnosis of hematological diseases, no. (%)


	 Newly diagnosed
	6 (40.00)
	23 (34.85)
	1.25 (0.38, 3.90)
	0.708


	 Remission
	3 (20.00)
	12 (18.18)
	1.13 (0.23, 4.24)
	0.870


	 Relapse or refractory
	6 (40.00)
	31 (46.97)
	0.75 (0.23, 2.33)
	0.625


	Neutropenia before the infection, no. (%)
	10 (66.67)
	49 (74.24)
	0.69 (0.21, 2.49)
	0.553


	Allo-HSCT, no. (%)
	9 (60.00)
	17 (25.76)
	4.32 (1.36, 14.67)
	0.014


	Past medical history*, no. (%)
	5 (33.33)
	19 (28.79)
	1.24 (0.35, 3.99)
	0.728


	Septic shock, no. (%)
	6 (40.00)
	31 (46.97)
	0.75 (0.23, 2.33)
	0.625


	APACHEII score, mean ± SD
	14.73 ± 5.46
	13.27 ± 4.26
	1.04 (0.95, 1.15)
	0.379


	CCI score, mean ± SD
	3.52 ± 1.79
	3.55 ± 1.77
	0.78 (0.51, 1.11)
	0.201


	Procalcitonin#, ng/mL, mean ± SD
	20.33 ± 26.44
	15.86 ± 25.77
	1.01 (0.98,1.03)
	0.545


	ΔSOFA score when using CMS, mean ± SD
	3.83 ± 2.10
	3.93 ± 2.10
	0.85 (0.60, 1.13)
	0.309


	Mechanical ventilation, no. (%)
	3 (20.00)
	14 (21.21)
	0.93 (0.19, 3.43)
	0.917


	Site of infection, no. (%)


	 Lung
	9 (60.00)
	42 (63.64)
	0.86 (0.28,2.83)
	0.792


	 Bloodstream
	6 (40.00)
	33 (50.00)
	0.67 (0.20, 2.06)
	0.486


	 Skin soft-tissue
	1 (6.67)
	14 (21.21)
	0.27 (0.01, 1.50)
	0.218


	 Digestive tract
	6 (40.00)
	5 (7.58)
	8.13 (2.06, 34.10)
	0.003





*The past medical history includes diabetes, hypertension, heart disease, hepatitis, chronic obstructive pulmonary disease and other malignancies.

#The laboratory reference range for procalcitonin is 0-0.5 ng/mL.

MDS, myelodysplastic syndromes; AA, aplastic anemia; Allo-HSCT, allogeneic hematopoietic stem cell transplantation; APACHE, acute physiology and chronic health evaluation; CCI, Charlson comorbidity index; GCS, Glasgow Coma Scale; ΔSOFA, change in Sequential Organ Failure Assessment score from baseline.

Bold values indicate P < 0.05.







4 Discussion

With the increasingly severe situation of drug resistance and the emergence of multidrug-resistant and extensively resistant Gram-negative bacteria, polymyxins have returned to clinical as the last-resort antibiotics. However, due to its relatively late launch in China, the clinical application of CMS was relatively lacking, especially in Chinese hematological patients with sepsis, which have not been reported yet. Our findings for the first time demonstrated that anti-infective therapy containing CMS was effective and safe in Chinese patients with hematological diseases, providing strong clinical evidence of medication for sepsis in hematological diseases patients.

CRO infections pose a significant challenge in Chinese patients with hematological diseases due to their high infection rates and limited treatment options. The findings of this study indicate that a proportion of infected patients exhibit a progression to sepsis, despite administration of broad-spectrum β-lactam or carbapenem drugs. Furthermore, carbapenem-resistant enterobacteriaceae (CRE) exhibits a higher rate of resistance to alternative drugs, such as tigecycline and ceftazidime-avibactam (Table 2). In contrast, CMS demonstrates noteworthy antibacterial activity against the majority of carbapenem-resistant Gram-negative bacteria, exhibiting a clinical effectiveness of approximately 60% in multidrug-resistant Gram-negative bacterial infections (Kagami et al., 2021). Consequently, despite the international guidelines being cautious with regard to the application of CMS in CRE infection, taking into consideration the substantial difference between the epidemiology of CRO infection in China and international data, as well as the availability of existing drugs, CMS can be a promising choice for septic patients with hematological diseases who have high carbapenem resistance and limited alternative drugs. It is noteworthy that the bacteriological eradication rate of 60.23% in this study is consistent with the results in multidrug-resistant Gram-negative bacteria (Kagami et al., 2021), thereby suggesting the effectiveness of CMS in this specific populations.

In this retrospective study analyzing the records of 81 patients, CMS presented as an effective antimicrobial agent, with a clinical effectiveness rate of 62.96%, a bacteriological eradication rate of 60.23% and 28-day all-cause mortality of 29.63%. The median length of ICU stay and total in-hospital stay was 13.5 and 33 days, respectively. Additionally, CMS has shown a good safety profile for the treatment of sepsis. Renal insufficiency occurred in 18.52% of patients, and the renal impairment were mild, no case of permanent kidney function loss occurred. The emergence of antibiotic resistance and the lack of new antibiotics have increased the use of CMS. Previous studies have demonstrated that in patients receiving CMS treatment for MDR-Gram-negative bacteria, the clinical effective rates are 50% - 86%, the bacteriological eradication rates are 56.65% - 80%, and the all-cause mortality rates are 11% - 41.6% (Dalfino et al., 2012; Durakovic et al., 2011; Grignolo et al., 2017; Li and Abad, 2020; Moni et al., 2020). Our results were also within the scope of previous studies (Dalfino et al., 2012; Durakovic et al., 2011; Grignolo et al., 2017; Li and Abad, 2020; Moni et al., 2020), and this wide range might reflect the different populations and clinical conditions studied. Furthermore, we have also compared the clinical effectiveness of CMS in the treatment of serious infections and sepsis in hematological diseases patients. A retrospective study showed that out of 28 hematological diseases patients with MDR Gram-negative bacteria infections, 86% of patients reported clinical cure, more than 80% patients achieved microbiological success and the 30-day mortality rate was 29%, yielding a slightly higher clinical response than in this study (Grignolo et al., 2017). These outcomes might be attributable to the fact that all the patients received therapy with high dose of CMS, while the patients in this study received CMS that did not exceed the loading dose. Importantly, the previous study included MDR-infected patients (Grignolo et al., 2017), whereas our study included sepsis patients, who typically have more severe disease and a poorer prognosis, which may have a significant impact on treatment response. Besides, the results of a matched pair analysis study showed that CMS was effective in treating sepsis caused by MDR-PA in patients with hematological diseases, with 76.9% of patients achieving clinical response and an all-cause mortality rate of 11% (Durakovic et al., 2011). A study conducted in our hospital on patients with infection during neutropenia in hematological diseases showed that the clinical effectiveness rate of ceftazidime-avibactam in the treatment of CRO infection was 65.8% (52/79), which is comparable to the clinical effectiveness rate of 62.96% (51/81) in this study. It is worth noting that all the patients in this study were sepsis patients, and the severity of infection was higher than that in previous study (Kong et al., 2022). Based on the above studies and our finding, CMS can be selected as an empirical treatment for hematological diseases patients diagnosed with sepsis.

Carbapenem resistant organisms pose a significant threat to the prognosis of patients with hematological diseases, significantly increasing their mortality rate. In this study, causative organisms were detected in 63 patients, more than 50% of whom were diagnosed with CRO infection. A synthesis of prior research indicated that CMS exhibited robust antibacterial activity against both MDR-Gram-negative bacteria and CRO infection, with bacteriological eradication rates ranging from 58.33% to 86.36% and 50% to 63.4%, respectively (Katip et al., 2023; Katip et al., 2021a; Tumbarello et al., 2013). In this study, 38 patients (60.23%) achieved bacteriological eradication, which strongly demonstrated the antibacterial activity of CMS. Furthermore, among the 33 patients who did not achieve bacteriological eradication or presumed not achieve bacteriological eradication, 24 had pulmonary infections. The combination of CMS intravenous with nebulized therapy has been demonstrated to enhance bacteriological eradication and clinical effectiveness in patients with pulmonary infections, further validation in large-scale studies is necessary to confirm these findings.

Available evidence suggests that high APACHE II score, high ΔSOFA score, past medical history, bloodstream infection, and septic shock are risk factors for clinical ineffective (Cheng et al., 2010; Li and Abad, 2020; Tumbarello et al., 2013). Consistently, our univariate and multivariate analysis indicated that high APACHE II score, the relapse or refractory of hematological diseases and septic shock was independently associated with a poor clinical effectiveness. Moreover, we found that clinical ineffective was significantly associated with higher Charlson comorbidity index and mechanical ventilation. These findings are not surprising, as evidence have confirmed that higher Charlson comorbidity index and invasive mechanical ventilation are associated with mortality in patients with hematologic malignancies admitted with serious infection (Awad et al., 2021; Zhen et al., 2023).

Several recent studies reported nephrotoxicity rates of 10.5% - 50%, these differences may be due to different study populations and dosages (Averbuch et al., 2013; Elefritz et al., 2017; Sadyrbaeva-Dolgova et al., 2022). It is worth noting that patients with hematological diseases are susceptible to renal injury due to various factors, including leukostasis, tumor lysis syndrome, nephrotoxic chemotherapy, and hypo perfusion due to sepsis. In the present study, the CMS demonstrated an acceptable safety profile despite the presence of the aforementioned risk factors, with a mere 18.52% of patients experiencing reversible renal insufficiency. The established RIFLE criteria were used to uniformly report possible colistin-related renal injuries. A retrospective study in hematology patients who received colistin-based therapy reported a severe (injury or failure) nephrotoxicity rate of 16%, requiring colistin discontinuation in 2 patients and colistin dose reduction in 1 patient (Grignolo et al., 2017). Similarly, the incidence of severe nephrotoxicity in this study was 12.34%. Only 1 patient met the “failure” criteria and 4 patients had an increase in Scr levels but did not reach the “failure” criteria discontinued using CMS. No patient required RRT treatment for more than 4 weeks due to renal insufficiency. Furthermore, the nephrotoxicity of CMS was usually dose-dependent and reversible, and the use of liposomes has been found to protect human embryonic kidney cells from concentration and time-dependent cytotoxicity (Mektrirat et al., 2023). Therefore, CMS is a relatively safe drug for patients with hematological diseases that developed serious infections. Previous studies have identified various predictors of CMS nephrotoxicity including older age, co-morbidities such as diabetes mellitus and systemic hypertension, and high dose of colistin (Elefritz et al., 2017; Katip et al., 2021b; Sadyrbaeva-Dolgova et al., 2022). However, univariate analysis in the present study failed to discern these associations, perhaps due to the different study population. Interestingly, we found that allo-HSCT have significant effects on renal insufficiency in hematological diseases patients, which may be related to receive chemotherapy (Nicolaysen, 2020). Furthermore, patients with AA and digestive tract infection also has a significant impact on renal insufficiency, and hematological diseases patients who have received allo-HSCT, have AA and digestive tract infections should be closely monitored. Additionally, 1 (1.23%) patient developed hepatic insufficiency, 1 (1.23%) developed cutaneous reaction, similar to another study (Grignolo et al., 2017), suggested that CMS therapy is safe for the management of sepsis in hematological diseases patients.

Our study has several limitations. Firstly, this single-center retrospective study relies on the record of events at the time of occurrence, which may lead to bias in the interpretation of clinical response and toxicity. Some patients were treated with CMS based on the prevalence of local drug-resistant bacteria and the patient’s current condition, which needs to be further validated by prospective studies. Secondly, our center is a specialist hematology hospital, and the characteristics of the patient population (such as high transplantation rate and high relapse rate) may affect the extrapolation of conclusions. Thirdly, due to the limited number of variables obtained from univariate analysis of renal insufficiency, further multivariate analysis was not conducted. Finally, a large multi-center prospective study was required to validate our results. Notwithstanding the aforementioned limitations, our study represents the inaugural investigation to ascertain the clinical outcomes and safety of CMS treatment for sepsis in Chinese patients with hematological diseases.




5 Conclusion

In summary, this study confirmed that CMS provided an effective treatment option for septic patients with hematologic diseases in China, particularly for high-risk populations such as post-transplant or neutropenia immunocompromised individuals in regions with high carbapenem resistance rates. CMS should be administered early during sepsis in cases with a high risk of CRO to control infections and improve patient outcomes. In addition, all patients in this study received intravenous CMS therapy. Future research should explore the potential synergistic effects of combining intravenous CMS with nebulized CMS for managing pulmonary infections.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.





Ethics statement

The studies involving humans were approved by First Affiliated Hospital of Soochow University Medical Ethics Committee (2023-452). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.





Author contributions

YX: Data curation, Resources, Writing – original draft, Writing – review & editing. ZL: Resources, Writing – review & editing. PL: Resources, Writing – review & editing. DW: Resources, Writing – review & editing. QL: Data curation, Writing – review & editing. MG: Data curation, Writing – review & editing. JK: Data curation, Writing – review & editing. DPW: Data curation, Writing – review & editing. JQ: Data curation, Project administration, Writing – original draft, Writing – review & editing. JX: Conceptualization, Writing – original draft, Writing – review & editing. JF: Conceptualization, Data curation, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the National Natural Science Foundation of China (Grant: 82300246), Transverse Research of Soochow University (Grant: H211284), and Bethune Charitable Foundation (Grant: 2022-YJ-085-J-Z-ZZ-022).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcimb.2025.1613414/full#supplementary-material





References

	 Averbuch D., Horwitz E., Strahilevitz J., Stepensky P., Goldschmidt N., Gatt M. E., et al. (2013). Colistin is relatively safe in hematological Malignancies and hematopoietic stem cell transplantation patients. Infection 41, 991–997. doi: 10.1007/s15010-013-0471-6, PMID: 23653428


	 Awad W. B., Nazer L., Elfarr S., Abdullah M., Hawari F. (2021). A 12-year study evaluating the outcomes and predictors of mortality in critically ill cancer patients admitted with septic shock. BMC Cancer 21, 709. doi: 10.1186/s12885-021-08452-w, PMID: 34130642


	 Azoulay E., Mokart D., Pène F., Lambert J., Kouatchet A., Mayaux J., et al. (2013). Outcomes of critically ill patients with hematologic Malignancies: prospective multicenter data from France and Belgium–a groupe de recherche respiratoire en réanimation onco-hématologique study. J. Clin. Oncol. 31, 2810–2818. doi: 10.1200/jco.2012.47.2365, PMID: 23752112


	 Cheng C. Y., Sheng W. H., Wang J. T., Chen Y. C., Chang S. C. (2010). Safety and efficacy of intravenous colistin (colistin methanesulphonate) for severe multidrug-resistant Gram-negative bacterial infections. Int. J. Antimicrob. Agents 35, 297–300. doi: 10.1016/j.ijantimicag.2009.11.016, PMID: 20045293


	 Dalfino L., Puntillo F., Mosca A., Monno R., Spada M. L., Coppolecchia S., et al. (2012). High-dose, extended-interval colistin administration in critically ill patients: is this the right dosing strategy? A preliminary study. Clin. Infect. Dis. 54, 1720–1726. doi: 10.1093/cid/cis286, PMID: 22423120


	 Durakovic N., Radojcic V., Boban A., Mrsic M., Sertic D., Serventi-Seiwerth R., et al. (2011). Efficacy and safety of colistin in the treatment of infections caused by multidrug-resistant Pseudomonas aeruginosa in patients with hematologic Malignancy: a matched pair analysis. Intern. Med. 50, 1009–1013. doi: 10.2169/internalmedicine.50.4270, PMID: 21532223


	 Elefritz J. L., Bauer K. A., Jones C., Mangino J. E., Porter K., Murphy C. V. (2017). Efficacy and safety of a colistin loading dose, high-dose maintenance regimen in critically ill patients with multidrug-resistant gram-negative pneumonia. J. Intensive Care Med. 32, 487–493. doi: 10.1177/0885066616646551, PMID: 27139010


	 Font M. D., Thyagarajan B., Khanna A. K. (2020). Sepsis and Septic Shock - Basics of diagnosis, pathophysiology and clinical decision making. Med. Clin. North Am. 104, 573–585. doi: 10.1016/j.mcna.2020.02.011, PMID: 32505253


	 Grignolo S., Tatarelli P., Guolo F., Minetto P., Rivoli G., Guardo D., et al. (2017). Good tolerability of high dose colistin-based therapy in patients with haematological Malignancies. Infection 45, 505–511. doi: 10.1007/s15010-017-1010-7, PMID: 28353153


	 Hansen B. A., Wendelbo Ø., Bruserud Ø., Hemsing A. L., Mosevoll K. A., Reikvam H. (2020). Febrile neutropenia in acute leukemia. Epidemiology, etiology, pathophysiology and treatment. Mediterr J. Hematol. Infect. Dis. 12, e2020009. doi: 10.4084/mjhid.2020.009, PMID: 31934319


	 Kagami K., Ishiguro N., Yamada T., Niinuma Y., Iwasaki S., Taki K., et al. (2021). Efficacy and safety of colistin for the treatment of infections caused by multidrug-resistant gram-negative bacilli. J. Infect. Chemother. 27, 473–479. doi: 10.1016/j.jiac.2020.10.024, PMID: 33144146


	 Katip W., Rayanakorn A., Oberdorfer P., Taruangsri P., Nampuan T. (2023). Short versus long course of colistin treatment for carbapenem-resistant A. baumannii in critically ill patients: A propensity score matching study. J. Infect. Public Health 16, 1249–1255. doi: 10.1016/j.jiph.2023.05.024, PMID: 37295057


	 Katip W., Uitrakul S., Oberdorfer P. (2021a). Short-course versus long-course colistin for treatment of carbapenem-resistant A.baumannii in cancer patient. Antibiot. (Basel) 10. doi: 10.3390/antibiotics10050484, PMID: 33922151


	 Katip W., Uitrakul S., Oberdorfer P. (2021b). Clinical efficacy and nephrotoxicity of the loading dose colistin for the treatment of carbapenem-resistant acinetobacter baumannii in critically ill patients. Pharmaceutics 14. doi: 10.3390/pharmaceutics14010031, PMID: 35056926


	 Kochanek M., Schalk E., von Bergwelt-Baildon M., Beutel G., Buchheidt D., Hentrich M., et al. (2019). Management of sepsis in neutropenic cancer patients: 2018 guidelines from the Infectious Diseases Working Party (AGIHO) and Intensive Care Working Party (iCHOP) of the German Society of Hematology and Medical Oncology (DGHO). Ann. Hematol. 98, 1051–1069. doi: 10.1007/s00277-019-03622-0, PMID: 30796468


	 Kong X., Zhang J., Li M. Y., Sun A. N., Han Y., Tang X. W., et al. (2022). Treatment of infection by Ceftazidime Avibactam in hematopathy patients due to neutropenia. Zhonghua Xue Ye Xue Za Zhi 43, 1038–1042. doi: 10.3760/cma.j.issn.0253-2727.2022.12.011, PMID: 36709111


	 Li K. L., Abad C. L. R. (2020). The clinical profile and outcomes of adult patients given intravenous colistin for multidrug-resistant gram negative infections in a Philippine tertiary hospital. Int. J. Infect. Dis. 93, 9–14. doi: 10.1016/j.ijid.2020.01.022, PMID: 31978579


	 MacPhail A., Dendle C., Slavin M., Weinkove R., Bailey M., Pilcher D., et al. (2024). Sepsis mortality among patients with haematological Malignancy admitted to intensive care 2000-2022: a binational cohort study. Crit. Care 28, 148. doi: 10.1186/s13054-024-04932-0, PMID: 38711155


	 Manjappachar N. K., Cuenca J. A., Ramírez C. M., Hernandez M., Martin P., Reyes M. P., et al. (2022). Outcomes and predictors of 28-day mortality in patients with hematologic Malignancies and septic shock defined by sepsis-3 criteria. J. Natl. Compr. Canc. Netw. 20, 45–53. doi: 10.6004/jnccn.2021.7046, PMID: 34991066


	 Matzneller P., Strommer S., Drucker C., Petroczi K., Schörgenhofer C., Lackner E., et al. (2017). Colistin reduces LPS-triggered inflammation in a human sepsis model in vivo: A randomized controlled trial. Clin. Pharmacol. Ther. 101, 773–781. doi: 10.1002/cpt.582, PMID: 27864832


	 Mektrirat R., Paengjun N., Chongrattanameteekul P., Umsumarng S., Cheunsri S., Photichai K., et al. (2023). Utilizing liposomal encapsulation approach to address nephrotoxic challenges of colistimethate sodium through a preclinical study. Front. Pharmacol. 14. doi: 10.3389/fphar.2023.1282464, PMID: 38074137


	 Moni M., Sudhir A. S., Dipu T. S., Mohamed Z., Prabhu B. P., Edathadathil F., et al. (2020). Clinical efficacy and pharmacokinetics of colistimethate sodium and colistin in critically ill patients in an Indian hospital with high endemic rates of multidrug-resistant Gram-negative bacterial infections: A prospective observational study. Int. J. Infect. Dis. 100, 497–506. doi: 10.1016/j.ijid.2020.08.010, PMID: 32781161


	 Moreno-Sanchez F., Gomez-Gomez B. (2022). Antibiotic management of patients with hematologic Malignancies: from prophylaxis to unusual infections. Curr. Oncol. Rep. 24, 835–842. doi: 10.1007/s11912-022-01226-y, PMID: 35316843


	 Nang S. C., Azad M. A. K., Velkov T., Zhou Q. T., Li J. (2021). Rescuing the last-line polymyxins: achievements and challenges. Pharmacol. Rev. 73, 679–728. doi: 10.1124/pharmrev.120.000020, PMID: 33627412


	 Nicolaysen A. (2020). Nephrotoxic chemotherapy agents: old and new. Adv. Chronic Kidney Dis. 27, 38–49. doi: 10.1053/j.ackd.2019.08.005, PMID: 32147000


	 Poirel L., Jayol A., Nordmann P. (2017). Polymyxins: antibacterial activity, susceptibility testing, and resistance mechanisms encoded by plasmids or chromosomes. Clin. Microbiol. Rev. 30, 557–596. doi: 10.1128/cmr.00064-16, PMID: 28275006


	 Sadyrbaeva-Dolgova S., García-Fumero R., Exposito-Ruiz M., Pasquau-Liaño J., Jiménez-Morales A., Hidalgo-Tenorio C. (2022). Incidence of nephrotoxicity associated with intravenous colistimethate sodium administration for the treatment of multidrug-resistant gram-negative bacterial infections. Sci. Rep. 12, 15261. doi: 10.1038/s41598-022-19626-2, PMID: 36088407


	 Tsuji B. T., Pogue J. M., Zavascki A. P., Paul M., Daikos G. L., Forrest A., et al. (2019). International consensus guidelines for the optimal use of the polymyxins: endorsed by the american college of clinical pharmacy (ACCP), european society of clinical microbiology and infectious diseases (ESCMID), infectious diseases society of america (IDSA), international society for anti-infective pharmacology (ISAP), society of critical care medicine (SCCM), and society of infectious diseases pharmacists (SIDP). Pharmacotherapy 39, 10–39. doi: 10.1002/phar.2209, PMID: 30710469


	 Tumbarello M., De Pascale G., Trecarichi E. M., De Martino S., Bello G., Maviglia R., et al. (2013). Effect of aerosolized colistin as adjunctive treatment on the outcomes of microbiologically documented ventilator-associated pneumonia caused by colistin-only susceptible gram-negative bacteria. Chest 144, 1768–1775. doi: 10.1378/chest.13-1018, PMID: 23989805


	 Xu H., Li Y., Zhang J., Zhang J., Lu J., Zhang X., et al. (2023). A quantitative method for determination of colistin E2 methanesulphonate in human plasma by (15)N-labeled colistin E2. Sci. Rep. 13, 18348. doi: 10.1038/s41598-023-45256-3, PMID: 37884605


	 Zhen S., Zhao Y., Chen Z., Zhang T., Wang J., Jiang E., et al. (2023). Assessment of mortality-related risk factors and effective antimicrobial regimens for treatment of bloodstream infections caused by carbapenem-resistant Pseudomonas aeruginosa in patients with hematological diseases. Front. Cell Infect. Microbiol. 13. doi: 10.3389/fcimb.2023.1156651, PMID: 37415825







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Xie, Liu, Liang, Wang, Li, Gao, Kong, Wu, Qi, Xu and Fu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb-15-1613414-g001.jpg
L-DAB — L-Thr - L-DAB — L-DAB — L-DAB — D-Leu — L-Leu

I- L-Thr «<— L-DAB «—-DAB

A\'CH;;

NaOs3S SOs3Na

L-DAB





OEBPS/Images/fcimb-15-1613414-g003.jpg
A B C

Clinical effectiveness Bacteriological eradication 28-day all-cause mortality

60 40— 38 (60.32%) 60 57 (70.37%)

51 (62.96%)

30

[%) i) 0 £
£ 40 £ 25 (39.68%) £ 40
8 30 (37.04%) g g
5 5 20 o 24 (29 .63%)
@ © @
£ £ £
§ 2 = E 20
0 0 0

Effectiveness Ineffectiveness Eradication Not eradication Alive Death





OEBPS/Images/table6.jpg
Clinical Clinical Univariate analysis Multivariate analysis

Variables effectiveness ineffectiveness
(n = 51) (n = 30) OR (95%CI) Pvalue OR (95%Cl) P value
Age, years, mean + SD 42.67 +13.83 ‘ 49.53 + 14.95 0.97 (0.93, 0.99) o3 1.01 (0.96, 1.06) 0.829
Gender, no. (%) 1.40 (0.55, 3.68) 0.484
Male 21 (41.18) 10 (33.33)
Female 30 (58.82) 20 (66.67)

Underlying conditions in hematological, no. (%)

Acute leukemia 36 (70.59) 18 (60.00) 1.60 (0.62, 4.15) 0.331
Lymphoma 11 (21.57) 5(16.67) 1.38 (0.44, 4.79) 0.593
AA 3(5.88) 2 (6.67) 0.88 (0.14, 6.95) 0.887

MDS 0 (0.00) 2 (6.67) / /
Diagnosis of hematological diseases, no. (%)

Newly diagnosed 23 (45.10) 6 (20.00) 3.29 (1.20, 10.10) 0.027 / /

Remission 9(17.65) 6(20.00) 086 (028,283) | 0792  022(003,151) 0135

Relapse or refractory 19 (37.25) ‘ 18 (60.00) 039015099 0050  014(002,060) 0019
?;“(';gpe"ia Befoie ieinfection, 37 (72.55) 22 (73.33) 096 (034, 2.62) 0.939
Allo-HSCT, no. (%) 17 (33.33) 9.(30.00) 117 (045,3.18) | 0.756
Past medical history*, no. (%) 11 2157) 13 (4333) 036(015,096) | 0041 | 056014218 0399
Septic shock, no. (%) 18 (35.29) 19 (63.33) 0316 0016 0.16(002,087) 0042

(0.120,0.794)

APACHEII score, mean + SD 1237 £ 574 1553 £ 5.42 090 (082,098) | 0023 088(078,099) 0038
CCI score, mean + SD 306+ 1.64 433171 064 (047,085 | 0003  061(038091) 0021
Procalcitonin®, ng/mL, mean + SD 15.88 + 27.84 18.07 + 22.23 0.99 (0.98, 1.02) 0.711
ASOFA score when using CMS, mean
o 347 £193 463£2.20 077 (060,095) | 0020  141(088,242) 0174
Mechanical ventilation, no. (%) 14(7.89) 13 (4333) 0.11(003,036) | 0001  012(002,060) 0016
Site of infection, no. (%) 7 7

Lung 29 (56.86) ‘ 22 (73.33) 048 (017,125 | 0142

Bloodstream 21 (41.18) 18 (60.00) 047 (018,1.16) | 0.104

Skin soft-tissue 10 (19.61) 5 (16.67) 122(039,429) | 0742

Digestive tract 7 (1373) 4(13.33) 143 (036,7.08) | 0.624

*The past medical history includes diabetes, hypertension, heart disease, hepatitis, chronic obstructive pulmonary disease and other malignancies.

“The laboratory reference range for procalcitonin is 0-0.5 ng/mL.

MDS, myelodysplastic syndromes; AA, aplastic anemia; Allo-HSCT, allogeneic hematopoietic stem cell transplantation; APACHE, acute physiology and chronic health evaluation; CCI, Charlson
comorbidity index; GCS, Glasgow Coma Scale; ASOFA, change in Sequential Organ Failure Assessment score from baseline.

Bold values indicate P < 0.05.
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OEBPS/Images/table2.jpg
imicrobial Agents Intermediate no. (%) Resistance no. (%)

Meropenem 50 16 (32.00) 0 33(66.00)
Imipenem 47 17 (36.17) 0 30 (63.83)
Tigecycline 48 20 (41.67) 6 (12.50) 22(45.83)
Ampicillin/sulbactam [ 43 3(6.98) 1(233) 39 (90.70)
Ceftazidime-avibactam 24 8(33.33) 0 16 (66.67)

Colistin 20 20 (100.00) 0 0
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Type of therapy

Clinical effectiveness

81), no. (%), (95%Cl)

Bacteriological eradication*

(n=

63), no. (%), (95%Cl)

Length of total in-hospital
stay, (n=81), days, median,
(95%Cl)

CMS therapy
Empirical therapy

Targeted therapy

CMS monotherapy

CMS combination therapy*

Penicillin preparations
Carbapenems

Tigecycline

Third-generation Cephalosporins

Ceftazidime-avibactam

Others

37 (60.66), (4731, 72.93)
14 (66.67), (43.03, 85.41)

1 (100.00), (2.50,100.00)

4(57.14), (1841, 90.10)
21 (53.85), (37.18, 69.91)
12 (60.00), (36.05, 80.88)
7 (77.78), (39.99, 97.19)
6 (66.67), (29.93, 92.51)

9 (81.82), (48.22,97.72)

24 (55.81), (39.88, 70.92)

14 (66.67), (43.03, 85.41)

1(100.00), (2.50,100.00)

3 (60.00), (14.66, 94.72)
15 (51.72), (3253, 70.55)
9 (52.94), (27.81, 77.02)
5 (71.43), (29.04, 96.33)
5 (62.50), (24.49,91.48)

8 (80.00), (44.39, 97.48)

33.00, (30.50, 38.00)
35.86, (29.53, 42.19)

32.00, (32.00, 32.00)

38.57, (31.93, 45.22)
33.00, (28.00, 38.00)
35.00, (31.50, 42.00)
38.56, (21.71, 55.41)
31.50, (26.00, 51.50)

41.27, (30.47, 52.07)

*Apart from the bacteriological eradication which was calculated among the 63 patients who had the pathogenic bacteria detected, all other outcomes were calculated in the entire population.
“The penicillin preparation is piperacillin-tazobactam. The carbapenem drugs include meropenem, imipenem and biapenem. Other drugs include amikacin and aztreonam.
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No. (%) or median

Variables : 95% ClI
(min, max) °
Primary outcome
Clinical effectiveness 51 (62.96) 51.51, 73.44
Secondary outcomes
Bacteriological 38 (60.32) 4720, 72.43
eradication*
28-day all-cause mortality 24 (29.63) 19.99, 40.81
Length of ICU stay, days 13.50 (1.00, 79.00) 12.00, 22.50
L f total in-hospital
ength of total in-hospi 33.00 (4.00, 98.00) 31.50, 38.00
stay, days
Ti t t
~ime to symptom 6.00 (2.00, 39.00) 5.50, 8.50
improvement, days
Renal insufficiency 15 (18.52) 10.15, 28.70

*Apart from the bacteriological eradication which was calculated among the 63 patients who
had the pathogenic bacteria detected, all other outcomes were calculated in the
entire population.
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Renal insufficiency Normal renal function Univariate analysis

Variables
(n = 15) (GENC)] OR (95%Cl) P value
Age, years, mean + SD 44.87 ears, m 45.29 + 15.12 0.99 (0.96, 1.04) 0919
Gender, no. (%) 2.14 (0.69, 6.83) 0.189
Male 8 (53.33) 23 (34.85)
Female 7 (46.67) 43 (65.15)

Underlying conditions in hematological, no. (%)

Acute leukemia 7 (46.67) 47 (71.21) 1.02 (0.21, 3.80) 0.979
Lymphoma 3 (20.00) 13 (19.70) 0.35 (0.11, 1.11) 0075
AA 4 (26.67) 1(1.52) 23.63 (3.15, 486.39) 0.007
MDS 1 (6.67) 1(1.52) 4.64 (0.18, 122.27) 0.288

Diagnosis of hematological diseases, no. (%)

Newly diagnosed 6 (40.00) 23 (34.85) 1.25 (0.38, 3.90) 0.708
Remission 3 (2000) 12 (18.18) 113 (0.23, 4.24) 0870
Relapse or refractory 6 (40.00) 31 (46.97) 075 (023, 233) 0,625
Neutropenia before the infection, no. (%) 10 (66.67) 49 (74.24) 0.69 (021, 2.49) 0553
Allo-HSCT, no. (%) 9 (60.00) 17 (25.76) 432 (136, 14.67) 0.014
Past medical history*, no. (%) 5(33.33) 19 (28.79) 1.24 (0.35, 3.99) 0.728
I Septic shock, no. (%) 6 (40.00) 31 (46.97) 075 (023, 233) 0.625
APACHEII score, mean + SD 1473 + 546 1327 + 426 1.04 (0.95, 1.15) 0379
CCI score, mean + SD 352179 355+ 177 0.78 (051, 1.11) 0201
Procalcitonin® ng/mL, mean + SD 20.33 + 26.44 15.86 + 25.77 101 (098,1.03) 0.545
iSS%FA So0re Whehr g GMS,medd 383210 393+ 210 0.85 (060, 1.13) 0309
Mechanical ventilation, no. (%) 3 (20.00) 14 (21.21) 0.93 (0.19, 3.43) 0917
Site of infection, no. (%)
Lung 9 (60.00) 42 (63.64) ' 0.86 (0.28,2.83) 0792
Bloodstream 6 (40.00) 33 (50.00) 0.67 (020, 2.06) 0.486
Skin soft-tissue 1(6.67) 14 (21.21) 027 (001, 150) 0218
Digestive tract 6 (40.00) 5 (7.58) 8.13 (206, 34.10) 0.003

*The past medical history includes diabetes, hypertension, heart disease, hepatitis, chronic obstructive pulmonary disease and other malignancies.

“The laboratory reference range for procalcitonin is 0-0.5 ng/mL.

MDS, myelodysplastic syndromes; AA, aplastic anemia; Allo-HSCT, allogeneic hematopoietic stem cell transplantation; APACHE, acute physiology and chronic health evaluation; CCI, Charlson
comorbidity index; GCS, Glasgow Coma Scale; ASOFA, change in Sequential Organ Failure Assessment score from baseline.

Bold values indicate P < 0.05.
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Variables Total (n = 81)

Age, years, mean + SD 4521 + 14.55
Gender, male, no. (%) 50 (61.73)

Underlying conditions in hematological, no. (%)

Malignancies

Acute leukemia 54 (66.67)
Lymphoma 16 (19.75)
AA 5 (6.17)
MDS 2 (2.47)
Others 4 (4.94)

Diagnosis of hematological diseases, no. (%)

Newly diagnosed 29 (35.80)
Remission 15 (18.52)
Relapse or refractory 37 (45.68)
Allo-HSCT, no. (%) 26 (32.10)
Past medical history, no. (%) 24 (29.63)
Hypertension 14 (58.33)
Diabetes 8 (33.33)
Hepatitis 5 (20.83)
Others* 4 (16.67)
Neutropenia before the infection, no. (%) 59 (72.84)
<0.5x10°/L 59 (100%)
<0.1x10°/L 48 (81.36)

Duration of neutropenia before CMS therapy, days,

12.00 (5.00, 23.50
median (IQR) ( )

Septic shock, no. (%) 37 (45.68)
APACHE II score, mean + SD 13.54 + 5.80
Charlson comorbidity index, mean + SD 353 £1.77
Procalcitonin®, ng/mL, mean + SD 16.69 + 25.79
ASOFA score when utilizing CMS, mean + SD 3.90 £ 2.10
Detection of causative organisms, no. (%) 63 (77.78)

Main causative organisms, no. (%)

Carbapenem-resistant Klebsiella pneumonia (median

colistin MICs 1 pg/mL) 19 (30.16)
Carba.penen?—r.esistant Pseudomonas aeruginosa 8 (12.70)
(median colistin MICs 1 pg/mL)

Carbz?penern-resistant Enterobacteriaceae (median 4(365)

colistin MICs 1 pg/mL)

Carba'lpenen?-r.esistant Acinetobacter baumannii 3 (476)

(median colistin MICs 1 pg/mL)

Site of infection, no. (%) |
Lung 51 (62.96)
Bloodstream | 39 (48.15)
Skin soft-tissue 15 (18.52)
Digestive tract 11 (13.58)
Others 2 (2.47)

Mechanical ventilation, no. (%) 17 (20.99)

Vasoactive agent, no. (%) 37 (45.68)

(Cn(i:_tz al)\:;ICs, pg/mL, median (min-max) 1(025,2)

CMS therapy, no. (%)

Empirical therapy » 64 (79.01)
Targeted therapy 20 (24.69)

Data are presented as mean + SD, no. (%), median (IQR), where no. is the total number of
patients with available data.

*The others past medical history include 2 heart diseases, 1 chronic obstructive pulmonary
disease and 1 other malignancy.

*The laboratory reference range for procalcitonin is 0-0.5 ng/mL.

MDS, myelodysplastic syndromes; AA, aplastic anemia; Allo-HSCT, allogeneic hematopoietic
stem cell transplantation; APACHE II, acute physiology and chronic health evaluation II;
ASOFA, change in Sequential Organ Failure Assessment score from baseline; MICs, minimum
inhibitory concentrations; CMS, Colistimethate sodium.
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Adverse events, no. (%) Total (n = 81)

Renal insufficiency (RIFLE criteria) 15 (18.52)
Risk (R) SCr increase >50% or eGFR decrease >25% 5(33.33)
Injury (I) SCr increase >2100% or eGFR
decrease >50% 9 (60.00)
Failure (F) SCr increase >200% or eGFR 1 (667)
decrease 75%

Loss (L) Complete loss of kidney function (need for 0
RRT) >4 weeks
ESKD (E) End stage kidney disease (need for RRT) 0
>3 months
Hepatic insufficiency 1(1.23)
Rashes 1(1.23)

CMS, Colistimethate sodium; SCr, serum creatinine; RRT renal replacement therapy.





