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Objective: To analyze the clinical characteristics and prognostic risk factors of carbapenem-resistant Pseudomonas aeruginosa
(CRPA) bloodstream infections in patients with hematologic malignancies.

Methods: Medical records and drug susceptibility data of patients with hematologic malignancies complicated by CRPA bloodstream
infections admitted to the Cancer Hospital of Zhengzhou University between January 1, 2018, and December 31, 2022, were
retrospectively analyzed.

Results: A total of 64 patients were included in the study, with a mortality rate of 37.5% (24/64) at 28 days after the occurrence of
CRPA bloodstream infection. In Cox regression analysis, an absolute neutrophil count <0.5x10°/L at discharge (HR 0.039, 95% CI
0.006 ~ 0.258, p=0.001), admission to the intensive care unit (HR 7.546, 95% CI 1.345 ~ 42.338, p= 0.022), and a higher Pitt
bacteremia score (HR 0.207, 95% CI 0.046 ~ 0.939, p = 0.041) were independent risk factors associated with 28-day mortality.
Survival analysis showed that patients receiving ceftazidime-avibactam-based (HR 0.368, 95% CI 0.107~ 1.268, p = 0.023) or
polymyxin B (HR 2.561, 95% CI 0.721 ~ 9.101, p = 0.015) therapy had a higher survival rate.

Conclusion: Patients with hematologic neoplasms had high mortality from CRPA bloodstream infections, and admission to the
intensive care unit, higher Pitt bacteremia score (PBS) scores, granulocyte deficiency, and granulocyte deficiency at discharge were
independently associated with higher mortality. Early anti-infective treatment with ceftazidime-avibactam or polymyxin B may
improve the clinical prognosis of patients.
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Introduction

Pseudomonas aeruginosa (PA) is an opportunistic pathogen with combined antibiotic resistance, multifactorial virulence,
and dynamic over-adaptive capacity that is particularly difficult to eliminate from patients and is an important cause of
nosocomial infections that can be life-threatening in critically ill and immunocompromised patients. The mortality rate of
PA bloodstream infection (BSI) has been reported to be between 20% and 50%.' > Carbapenems are the most effective
antibacterial agents against severe P. aeruginosa infections and are often used as a last resort in the treatment of bacterial
infections. With the widespread and irrational use of carbapenem antibiotics, resistance to carbapenem antibiotics in PA
is on the rise. Carbapenem-resistant Pseudomonas aeruginosa (CRPA) was listed by the World Health Organization in
2017 as a key priority pathogen for future research and development of novel antibiotics.* According to the China
Antimicrobial Surveillance Network (https://www.chinets.com/Data/GermYear), the resistance rates of imipenem and

meropenem in PA infections were 30.7% and 25.8% in 2018 and 22.1% and 17.6% in 2022, respectively. The resistance
rates of imipenem and meropenem in China have decreased slightly over the past 5 years, but remain at a high level.

Patients with hematological malignancy (HM) appear to be more susceptible to CRPA infection due to primary
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immunodeficiency, neutropenia caused by hematopoietic stem cell transplantation or chemotherapy, and frequent
exposure to broad-spectrum antibiotics.”® The mortality rate of patients with CRPA bloodstream infection has been
reported to be as high as 44.12%and may be higher in patients with hematological malignancy, however, there are still
few studies on CRPA bloodstream infection in patients with hematological malignancy.® To clarify the risk factors
affecting the prognosis of CRPA-BSI in patients with HM, 64 cases of HM patients combined with CRPA-BSI in our
hospital from 2018 to 2022 were retrospectively analyzed and reported as follows.

Materials and Methods
Study Design and Data Collection

This was a retrospective study. During the study period, the population of CRPA isolates in our research limited to
blood samples.HM patients with CRPA bloodstream infections occurring between January 2018 and December 2022 at
the Cancer Hospital of Zhengzhou University were collected, and only the clinical data of the first occurrence were
recorded for multiple isolations of CRPA from the same patient. Inclusion criteria: (1) inpatients with a confirmed
diagnosis of hematologic malignancy and complete clinical information; (2) one or more positive blood cultures for
CRPA and clinical evidence of the corresponding infection. Case data of 64 patients were collected from the hospital’s
electronic medical record system, including age, gender, Body Mass Index (BMI), absolute neutrophil count,
transaminases, bilirubin, whether transplantation was performed, primary disease, treatment modality, application of
high-dose glucocorticosteroids within 90 days, central venous placement, indwelling urinary catheter, mechanical
ventilation, Pitt bacteremia score (Pitt bacteremia score, PBS),” whether septic shock, duration of hospitalization
before BSI, carbapenem exposure before BSI, drug sensitivity results, and antibiotic therapy. To explore the risk
factors for CRPA-BSI outcome, patients were divided into survival and non-survival groups according to whether they
survived 28 days after the onset of CRPA-BSI.

Definition

The diagnosis of malignant hematologic diseases is based on the WHO Classification of hematological tumors.** CRPA
is defined as PA isolates that are resistant to at least one carbapenem (minimum inhibitory concentration of meropenem
or imipenem > 8 pg/mL). Bloodstream infection was defined as the presence of live bacteria in the bloodstream that
resulted in clinical signs or symptoms of infection.'® Bacteremia occurrence was defined as the date of collection of
blood cultures of the first CPRA-producing strain. Neutrophil deficiency (granulocyte deficiency) was defined as an
absolute neutrophil count (ANC) of <0.5 x 109/L in peripheral blood, and severe granulocyte deficiency was defined as
ANC <0.1 x 109/L. Septic shock was defined as persistent hypotension in a septic patient despite adequate fluid
resuscitation and requiring vasopressor therapy to maintain mean arterial pressure at > 65 mmHg."' Empirical anti-
microbial therapy was defined as antibiotic therapy received by the patient between the time blood cultures were drawn
and drug sensitivity results were obtained. Definitive antimicrobial therapy was the antibiotic treatment given after the
drug sensitivity results were reported.

Microbiological Methods

Blood cultures were performed using an automated BACTEC FX system (Becton Dickinson, Sparks, MD, USA), and the
bacterial identification and drug sensitivity analyzer was a BD M-50, USA The method of drug sensitivity testing and
determination of results strictly followed the American Clinical and Laboratory Standardization Institute (CLSI)
Document M100 edition (2020) (http://em100.edaptivedocs.net/dashboard.aspx). Polymyxin was referred to the EU
standard for drug sensitivity testing (https://www.eucast.org), and the rest of the folding points were referred to the

requirements of the American Society for Clinical Laboratory Standardization M-100.

Statistical Methods
Continuous variables were expressed as mean + standard deviation or median (range), and categorical variables were
expressed as frequency and percentile. Cox proportional risk models were used to determine independent risk factors for
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28-day mortality. Variables with P values <0.10 in the univariate analysis were included in the multifactorial Cox
regression model. Results are reported as hazard ratios (HR) and 95% confidence intervals (CI). Statistical significance
was considered at P < 0.05. Survival analysis was performed using the Kaplan-Meier method.'? All statistical analyses
were performed in IBM SPSS 25.0, and P values <0.05 were statistically significant.

Ethical Statement

The study protocol was reviewed and approved by the Ethics Committee of the Cancer Hospital of Zhengzhou University
(2023-188-001). Because patient data were analyzed anonymously and confidentiality was maintained, the requirement
for patient consent was waived. The study was conducted in accordance with the Declaration of Helsinki.

Results

Clinical Characteristics of Patients

A total of 69 HM inpatients developed CRPA-BSI during the study period, of which 5 were excluded due to missing data,
and a total of 64 patients were finally included in this study. Of the 64 HM inpatients with CRPA-BSI, 39 (60.94%) were
male and 25 (39.06%) were female, with a median age of 36.5 (11-70) years. Among all patients, 52 (81.25%) had
granulocyte deficiency (ANC <0.5x109/L), 46 (71.88%) had severe granulocyte deficiency (ANC <0.1x109/L), 38
(59.38%) had granulocyte deficiency lasting >10 days, and 21 (32.81%) were still not free from granulocyte deficiency at
discharge; 16 (25.00%) were hematopoietic stem cell transplantation (HSCT) patients and 48 were non-HSCT patients;
31 (48.44%) had acute myeloid leukemia (AML), 11 (17.19%) had myelodysplastic syndrome (MDS), 9 (14.06%) had
acute lymphoblastic leukemia (ALL), 5 (7.81%) had lymphoma, 4 (6.25%) had multiple myeloma, and 4 (6.25%) were
other hematologic malignancies; in terms of treatment modality, 60 (93.75%) received chemotherapy and 6 (9.38%)
received radiotherapy; 5 (7.81%) applied high-dose hormones within 90 days before the onset of BSI; most patients
underwent invasive procedures before CRPA BSI: 52 (81.25%) patients underwent central venous catheterization, of
which 24 (37.50%) were central venous catheters (CVC) and 28 (43.75%) were central venous catheters (PICC) placed
through peripheral veins; 3 (4.69%) had indwelling urinary catheters and 2 (3.13%) were mechanically ventilated; the
median length of stay before the onset of BSI was 17 (7—41) days in 64 patients The median length of stay before BSI
was 17 (7-41) days; 57 (89.06%) had carbapenem exposure before BSI; the median PBS score was 2 (0-5); and 16
(25.00%) had combined septic shock. 64 patients’ clinical characteristics are shown in Table 1.

Table | Clinical Characteristics of 64 HM Patients with CRPA-BSI

Characteristics N=64 (100%)

Demography

Age 36.5 (11~70)

Male (%) 39 (60.94)

Patient characteristics

ANC<0.5%10°/L 52 (81.25)

ANC<0.1x10%/L 46 (71.88)

ANC<0.5x10%/L for >10 days 38 (59.38)

ANC<0.5%10%/L at discharge 21 (32.81)

HSCT 16 (25.00)

Hematologic Tumor Type

ALL 9 (14.06)

AML 31 (48.44)

MDS I (17.19)

LL 5(7.81)

MM 4 (6.25)

Others 4 (6.25)

(Continued)
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Table | (Continued).

Characteristics N=64 (100%)
Treatment

Chemotherapy 60 (93.75)
Radiotherapy 6 (9.38)
High-dose glucocorticosteroids applied within 90 days 5(7.81)
Disease in un-remission 25(30.49)
Admission to ICU 11(17.19)
Central venous line placement 52 (81.25)
cvC 24 (37.50)
PICC 28 (43.75)
Retained urinary catheter 3 (4.69)
Mechanical Ventilation 2 (3.13)
Length of hospitalization before BSI 17(7~41)
Carbapenem exposure 57 (89.06)
PBS 2 (0~5)
Sepsis shock 16 (25.00)
Therapeutic drugs

CAZ/AVI 23 (35.94)
Polymyxin B 25 (39.06)
Others 16 (25.00)

Microbiological Characteristics

A total of 64 isolates were identified as CRPA. The isolation rate of CRPA ranged from 12.36% to 16.40% during the
study period (Figure 1). The susceptibility data of the 64 CRPA isolates to antibiotics are shown in Table 2. Colistin and
amikacin were the most active drugs, while amineptine and ceftazidime were the least active (Table 2). Because the
susceptibility of ceftazidime-avibactam (CAZ/AVI) was not routinely tested in our institution, a total of eight cases were
supplemented by the paper diffusion method (Kindy-Bauer, KB method) and all were found to be sensitive with a median
inhibition circle diameter of 26 mm.

100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%
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Figure | Separation rate of CRPA during the study period.
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Table 2 Susceptibility to Antibiotics of 64 CRPA Isolates

Antibiotics S (n, %) I (n, %) R (n, %)

Amikacin 51 (80.00%) 0 (0.00%) 13 (20.00%)
Aminotransol 18 (28.00%) I (17.19%) 35 (54.69%)
Ceftazidime 28 (44.00%) 8 (12.00%) 28 (43.75%)
Polymyxin 64 (100.00%) 0 (0.00%) 0 (0.00%)

Levofloxacin 31 (48.00%) 15 (24.00%) 18 (28.13%)
Piperacillin/tazobactam 26 (40.63%) 15 (24.00%) 23 (36.00%)

Patient Prognosis Analysis
Univariate analysis by Cox regression showed that ANC <0.5x10°/L at discharge, admission to ICU, PBS >2 points,

length of stay, and septic shock were associated with 28-day mortality, whereas treatment with polymyxin B or CAZ/AVI
was associated with survival (p<0.05); multivariate analysis showed that ANC <0.5x10%/L at discharge (HR 0.039, 95%
CI 0.006-0.258, p=0.001), admission to the ICU (HR 7.546, 95% CI 1.345-42.338, p= 0.022), the and PBS >2 score (HR
0.207, 95% CI 0.046 to 0.939, p = 0.041) were independent risk factors associated with 28-day mortality (Table 3).ROC

Table 3 Cox Regression Analysis Affecting Mortality of Carbapenem-Resistant Pseudomonas Aeruginosa Bloodstream Infections

Variable Survivor Non-Survivor Univariate Analysis Multivariate Analysis
(n=40) (n=24)
HR (95% CI) P values HR (95% CI) P values
Age 37.65+2.43 42.79+3.23 1.020 (0.998~1.043) 0.072
Sex (Male, %) 25 (62.5) 14 (58.3) 0.831 (0.397~1.741) 0.624
BMI (kg/m?) 22.77+0.69 21.25+0.99 0.941 (0.865~1.024) 0.158
ANC<0.5x10%/L 32 (80.0) 20 (83.3) 1.017 (0.387~2.675) 0. 973
ANC<0.1x10%/L 27 (67.5) 19 (79.2) 1.482 (0.640~3.435) 0.359
Days for ANC<0.5x10°/L 10.85£0.46 12.25£0.57 1.086 (0.963~1.225) 0.181
ANC<0.5x10?/L at discharge 2 (5.0 21 (87.5) 21.013 (6.952~63.508) | <0.001 7.087 (1.482~33.890) 0.014
HSCT 13 (32.5) 3 (12.5) 2.534 (0.883~7.271) 0.084
Hematologic Tumor Type
ALL 9 (22.5) 4 (16.7) 1.435 (0.326~6.042) 0.735
AML 21 (52.5) 13 (54.2) 1.122 (0.212~5.948) 0.893
Lymphoma 3 (7.5) 2 (8.3) 1.427 (0.319~6.380) 0.642
MM 3 (7.5) 1 (4.2) 2.524 (0.457~13.941) 0.288
Others 4 (10.0) 4 (16.7) 1.493 (0.243~9.192) 0.665
Disease in un-remission 21 (52.5) 4 (16.7) 0.663 (0.213~2.062) 0.477
Admission to ICU 2 (5.0 9 (37.5) 5.055 (2.284~11.188) <0.001 7.546 (1.345~42.338) 0.022
PBS22 10 (25.0) 22 (91.7) 5.516 (2.434~12.498) <0.001 7.268 (1.122~41.087) 0.037
RRT 1 (2.5) 1 (4.2) 2.468 (0.574~10.608) 0.225
Mechanical Ventilation 1 (2.5) 2 (8.3) 1.434 (0.324~6.344) 0.635
Retained intravenous 29 (72.5) 18 (75.0) 1.059 (0.474~2.367) 0.888
catheter
Retained urinary catheter 1 (2.5) 2 (8.3) 3.485 (0.816~14.881) 0.092
Length of hospitalization(d) 30.5 (18~47) 10 (7~17) 0.934 (0.882~0.989) 0.020
Length of hospitalization 16 (7~41) 17 (8~36) 1.023 (0.969~1.081) 0413
before BSI (d)
Carbapenem exposure (n, %) 36 (90.0) 21 (87.5) 0.981 (0.341~2.820) 0.971
High-dose 4 (10.0) I (4.2) 0.629 (0.149~2.656) 0.529
glucocorticosteroids applied
within 90 days (n, %)
(Continued)
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Table 3 (Continued).

Variable Survivor Non-Survivor Univariate Analysis Multivariate Analysis
(n=40) (n=24)
HR (95% CI) P values HR (95% CI) P values
Radiotherapy 4 (10.0) 2 (8.3) 1.867 (0.436~7.989) 0.400
Chemotherapy 37 (92.5) 23 (95.8) 1.659 (0.224~12.267) 0.620
Mucositis® 18 (45.0) 15 (62.5) 1.095 (0.542~2.209) 0.801
Elevated transaminases 4 (10.0) 5(20.8) 0.759 (0.312~1.849) 0.544
Elevated bilirubin Il (27.5) 13 (54.2) 0.551 (0.274~1.107) 0.094
Shock 3 (7.5) 15 (62.5) 5.044 (2.446~10.400) 0.000
Antibiotic Treatment
Quinolones I (2.5) 2 (8.3) 1.652 (0.388~7.035) 0.497
Aminoglycosides 17 (42.5) 4 (16.7) 0.442 (0.180~1.083) 0.074
Aminotrans of beta- 7 (17.5) 4 (16.7) 0.853 (0.326~2.230) 0.745
lactamase inhibitors
Carbapenems 26 (65.0) 16 (66.7) 1.135 (0.546~2.359) 0.734
Polymyxin B 21 (52.5) 4 (6.3) 0.351 (0.151~0.814) 0.015
Ceftazidime Avibactam 20 (50.0) 3 (12.5) 0.390 (0.174~0.878) 0.023

Note: “Including oral ulcers, pharyngeal cavity ulcers, positive fecal occult blood, positive vomitus occult blood.
Abbreviations: BMI, body mass index; ANC, absolute neutrophil count; HSCT, hematopoietic stem cell transplantation; ALL, acute lymphoblastic leukemia; AML, acute

myeloid leukemia; ICU, intensive care unit; PBS, Pitt bacteremia score; RRT, renal replacement therapy.

curve analysis showed that a PBS threshold of 2 was a good predictor of mortality in patients with CRPA BSI HM, with
an area under the curve of 0.800 (95% CI 0.668 to 0.911, p < 0.001), with a sensitivity of 78.1% and specificity of 75.0%
(Figure 2). In Kaplan-Meier curve analysis, PBS >2 was associated with higher mortality (p < 0.001) (Figure 3A).

Treatment and Regression
The overall 28-day mortality rate was 37.5% (24/64). 11 patients died before the return of the drug sensitivity results, 2 of
whom received empirical treatment with a polymyxin B-based combination anti-infective regimen (1 received polymyxin

Figure 2 ROC curve of PBS score.
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Figure 3 Survival curves of 64 patients with CRPA-BSI (A). Survival curves of patients with different PBS scores (B). Survival curves of patients in different drug treatment
groups.

B combined with tigecycline, 1 received polymyxin B combined with meropenem) and 9 with a carbapenem-based
combination regimen. Of the 53 patients treated with definitive antibiotics, 23 received polymyxin B-based therapy, of
which 18 were combinations: 8 in combination with carbapenems, 5 in combination with amikacin, and 5 in combination
with piperacillin-tazobactam; 23 received ceftazidime avibactam-based therapy, of which 16 were single-agent applica-
tions, 3 in combination with aminoglutethimide, 2 in combination with amikacin, 2 in combination with carbapenems
penicillin; 7 patients were treated with carbapenem + amikacin + piperacillin-tazobactam/ cefoperazone sulbactam.
Survival analysis showed that patients treated with CAZ/AVI had a slightly higher survival rate than those treated with
polymyxin B, but the difference was not statistically significant, but all were significantly better than those treated with
other drugs (Figure 3B).

Discussion

In recent years, the rapid spread of carbapenem-resistant gram-negative bacteria (CRGNB) has become a major global

13-15

public health problem. PA is a major global nosocomial pathogen with combined multifactorial virulence and

multiple antibiotic resistance mechanisms, including intrinsic membrane permeability, efflux pump system, production of
antibiotic-inactivating enzymes, and loss of pore protein function. In the United States, 10-30% of P. aeruginosa isolates

16,17

are carbapenem resistant, and according to the Chinese Bacterial Resistance Surveillance Network (https:/www.

chinets.com/Data/GermYear), the resistance rates of imipenem and meropenem in PA infections in 2022 were 22.1% and

17.6%, respectively, with their high resistance rates limiting the options for antimicrobial therapy. It has been shown that
carbapenem exposure is associated with CRPA BSI,®'® and hematologic oncology patients are immunodeficient, often
with granulocyte deficiency, have a high history of carbapenem exposure, and are therefore more susceptible to comorbid
CRPA infections. Teelucksingh et al'® showed through a retrospective study that infectious shock, age, and PBS >4 were
poor prognostic independent risk factors. However, studies on risk factors affecting the prognosis of CRPA-BSI in HM
patients are still scarce, and in this study, 64 HM patients with combined CRPA-BSI were included, and Cox regression
analysis showed that admission to the intensive care unit, higher PBS score, and granulocyte deficiency at discharge were
independent risk factors for mortality at 28 days after BSI.

The Pitt bacteremia score (PBS) is a score widely used to assess the severity of acute infectious disease and was first
used to predict morbidity and mortality in patients with PA BSI and has since been shown to have good predictive value
for the risk of death in other gram-negative and positive bacteria and antibiotic-resistant bacteria and fungal BSI, ranging
from 0—14, with PBS >4 usually suggesting increased critical illness and mortality.”**>* A recent retrospective study>
showed that higher PBS scores were independently associated with 28-day mortality after the development of CRKP
bloodstream infection in HM patients, while few studies have been conducted regarding PBS in HM patients with CRPA
BSI. The results of this year’s study showed that higher PBS was independently associated with 28-day mortality after
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the occurrence of CRPA BSI in HM patients, and ROC curve analysis showed that a critical PBS value of 2 was a good
predictor of mortality in HM patients with CRPA BSI with a sensitivity of 78.1% and specificity of 75.0%.

Neutrophils are critical in the acute inflammatory response and the host’s defense against bacterial infection. Patients
with granulocyte-deficient HM are at high risk of developing BSIs due to immunodeficiency, mucositis, central venous
placement, and gastrointestinal bacterial colonization. A 14-year prospective longitudinal study in the UK showed
a 3-fold higher incidence of bloodstream infections (BSI) in HM patients compared to other cancer patients®* and
increased mortality from BSI caused by PA relative to BSI caused by S. aureus or other gram-negative bacteria.”> The
results of a Meta-analysis showed a significant association between carbapenem resistance and poor clinical outcomes in
PA bloodstream infections.” Granulocyte deficiency was shown to be an independent predictor of mortality in patients
with CRE BSI,® and prolonged granulocyte deficiency (>15 days) was independently associated with BSI death.?” In the
present study, non-discharge from granulocyte deficiency at discharge were independent risk factors for mortality in HM
patients who developed CRPA BSI. Therefore, more attention needs to be given to HM patients who develop granulocyte
deficiency and longer duration of granulocyte deficiency in anti-infective therapy.

Data from the 2021 China Bacterial Resistance Surveillance Network showed that 5572 carbapenem-resistant strains
of P. aeruginosa in China had a resistance rate of 1.5% to polymyxin B, 10.4% to amikacin, and 13.9% to ceftazidime-
avibactam. Polymyxins remain a class of antibiotics available for many multidrug-resistant gram-negative bacteria
almost 60 years after clinical approval, but they are nephrotoxic and neurotoxic.”® Whether polymyxin is used in
monotherapy or combination therapy in the treatment of CRPA infections is controversial, and there is a lack of data
comparing monotherapy and combination therapy in the treatment of CRPA infections. It has been suggested that
monotherapy with polymyxins leads to bacterial regeneration and development of resistance during treatment® and that
combination therapy increases the likelihood of successful treatment of granulomatous patients with combined CRPA
bloodstream infections, with in vitro pharmacovigilance confirming synergistic effects of carbapenems and polymyxins
on most CRPA isolates and clinical studies showing lower mortality in patients treated with this combination.®**!
However, in a subgroup analysis of CRPA-infected patients, both the AIDA and OVERCOME trials showed no
significant difference between mucilage monotherapy and the combination regimen of mucilage plus meropenem in

d,33 34 and further

terms of 28-day mortality.*> With increasing use, resistance to polymyxin in P. aeruginosa has emerge
optimization of its clinical use is needed to minimize the development of resistance.

Ceftazidime-avibactam is a novel B-lactamase inhibitor* with strong antibacterial activity against PA,* suggesting that
CAZ/AVI may be an alternative treatment option for CRPA.>**7 A retrospective study included 136 patients with CRPA
infection, 51 receiving CAZ/AVI monotherapy and 85 receiving polymyxin-based combination therapy, and showed that
patients treated with CAZ/AVI had significantly lower 14-day mortality, 30-day mortality, and in-hospital mortality than
those treated with polymyxin B. The CAZ/AVI group had a significantly higher bacterial clearance rate than the polymyxin
B group.*® Our expert consensus on PA lower respiratory tract infections also states that for CRPA infections, ceftazidime
avibactam can be used as a first-line treatment option when sensitivity to it is confirmed by drug sensitivity.>* The 28-day
mortality rate of 64 patients in this study was 37.5%, of which 11 patients died before the return of the drug sensitivity. 2 of
them received empirical treatment with a polymyxin B-based combination anti-infective regimen (1 received polymyxin
B combined with tigecycline, 1 received polymyxin B combined with meropenem) and 9 received a carbapenem-based
combination regimen (imipenem-cilastatin/ meropenem+amikacintaminotransol). Survival analysis showed that patients
treated with CAZ/AVI had a slightly higher survival rate than those treated with polymyxin B, but the difference was not
statistically significant, but all were significantly better than those treated with other drugs. Thus early anti-infective treatment
with ceftazidime-avibactam or polymyxin B may improve the clinical prognosis of patients.

The current study had several limitations. It was conducted in a specialized tumor hospital and only included HM
patients. The findings may not be applicable to other settings or patients. Furthermore, not all patients underwent
phenotypic screening and detection. Lastly, the small number of patients in the study may have influenced the capacity of
the analysis to identify risk factors and outcomes.
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