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Chemotherapy-induced neutropenia (CIN) and febrile neutropenia (FN) significantly increase the risk 
of invasive infections, which can progress to septic shock or sepsis and may ultimately result in death. 
our purpose of this study is to construct a predictive model based on peripheral blood inflammatory 
markers to enable timely detection of bloodstream infections (BSI) and evaluation of infection 
severity in this population. A total of 112 patients with chemotherapy-induced neutropenia (CIN) 
who developed BSI and 145 patients without BSI (NBSI) were included. Inflammatory marker levels 
were compared across subgroups. The Logistic regression was performed to identify risk factors for 
BSI within the training cohort. Model performance was assessed by receiver operating characteristic 
curves (ROC), decision curve analysis (DCA) and diagnostic calibration curves. Patients with BSI had 
longer disease duration, a higher proportion of acute lymphoblastic leukemia, and significantly lower 
levels of complete blood count and inflammatory markers compared to those without BSI. Univariate 
analysis identified prolonged disease duration, hematologic diagnosis category, and reduced levels of 
NLR, MLR, PLR, SIRI, and SII as risk factors for BSI. A nomogram model was constructed incorporating 
disease duration, hematologic diagnosis category, MLR, PLR, and SII. ROC and DCA indicated a broad 
threshold range for clinical applicability and a high net benefit of predictive model, supporting its 
clinical utility. Diagnostic calibration curves showed good agreement between predicted and observed 
outcomes, with a Hosmer–Lemeshow test P-value of 0.3289. A nomogram model incorporating disease 
duration, hematologic diagnosis category, MLR, PLR, and SII was constructed and shown to provide a 
practical and effective tool for the assessment and early identification of BSI in patients with CIN.
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Neutropenia is the most common hematologic adverse event and a major dose-limiting toxicity induced by 
chemotherapy. Chemotherapy-induced neutropenia (CIN) and febrile neutropenia (FN) substantially increase 
the risk of invasive infections, which may progress to sepsis and septic shock, ultimately resulting in death1,2. 
Therefore, early identification and evaluation of infection risk in patients with CIN are of critical importance. 
Bloodstream infections (BSI), the leading cause of infection-related complications in this population, are a 
primary clinical concern during the diagnosis and management of FN, often progressing to sepsis or septic 
shock3. Blood culture remains the gold standard for the diagnosis of BSI4; however, its clinical utility is limited 
by a low positivity rate, long turnaround time, large blood volume required, and a high risk of contamination, 
posing significant challenges to early clinical decision-making5–7. Therefore, identifying appropriate biomarkers 
to screen for BSI in patients with CIN may offer a more effective alternative. Previous studies have shown 
that peripheral blood inflammatory markers can effectively detect BSI at an early stage and assess infection 
severity, prognosis, and clinical outcomes in non-CIN populations, including those in intensive care units and 
on hemodialysis8–10.

However, the aforementioned inflammatory indices are derived from calculations involving neutrophil 
(N), lymphocyte (L), monocyte (M), and platelet (PLT) counts. In patients with CIN, the marked reduction in 
neutrophil levels results in distinct peripheral blood leukocyte profiles compared to those in non-chemotherapy 
populations. Consequently, it remains unclear whether inflammatory marker trends observed during BSI in CIN 
patients mirror those seen in non-CIN individuals. Moreover, studies specifically examining the inflammatory 
marker patterns associated with BSI in CIN patients are currently limited. To address this gap, we conducted 
a retrospective analysis of clinical data from 112 CIN patients with confirmed BSI, with the aim of evaluating 
whether peripheral blood inflammatory markers could serve as rapid and effective tools for BSI screening 
and infection severity assessment in this population. We further developed a predictive model based on these 
markers and assessed its performance.

Materials and methods
Study population
This retrospective study included patients with hematological malignancies and CIN who were diagnosed with 
BSI via blood culture between April 2020 and March 2025 at the Department of Hematology, Quanzhou First 
Hospital Affiliated to Fujian Medical University. A total of 112 patients were enrolled, comprising 57 males 
and 55 females, aged 18 to 85 years, with a median age of 47 years. As disease controls, 145 patients without 
BSI (NBSI)—matched by sex and age—were selected during the same period. These control patients were 
diagnosed by blood culture and final clinical evaluation as having non-bloodstream infections. The NBSI group 
included 81 males and 64 females, aged 16 to 72 years, with a median age of 54 years. For patients with multiple 
hospitalizations or repeated testing, only data from the initial clinical presentation were included. All protocols 
were approved by Ethics Committee of Quanzhou First Hospital (China), the protocol number is [2025] K218.

Inclusion and exclusion criteria
Inclusion criteria
Patients were eligible for inclusion if they met all of the following criteria: ① Presence of clinical signs suggestive 
of infection, including fever, nausea and vomiting, abdominal pain or diarrhea, chest tightness or dyspnea, 
urinary frequency, or other relevant symptoms; ② Underwent both blood culture and complete blood count 
testing during the same clinical episode; ③ Had a documented diagnosis of a primary hematological malignancy, 
such as acute leukemia, lymphoma, or myelodysplastic syndrome; ④ patients were undergoing chemotherapy at 
the time of blood culture collection, with CIN confirmed by an absolute neutrophil count (ANC) of < 2.0 × 109/
L11.

Exclusion criteria
Patients were excluded if they met any of the following criteria: ① CIN resulting from chemotherapy for 
non-hematological malignancies; ② Secondary hematologic disorders caused by drugs or immune-related 
conditions; ③ ANC < 2.0 × 109/L without clear evidence that neutropenia was induced by chemotherapy; ④ 
Incomplete clinical or laboratory data; ⑤ Blood cultures in which only one of multiple bottles tested positive and 
the isolated organism was suspected to be a contaminant, making it impossible to distinguish between true BSI 
and contamination.

Sample preparation
Peripheral venous blood (2 mL) was collected from each patient into an EDTA-K₂ anticoagulant tube (EDTA3K 
2 mL, Fuzhou Changgeng MEDICAL Devices Co., Ltd., China). After gentle inversion for mixing, samples were 
processed using an automated hematology analyzer (Sysmex XN9000, Sysmex Corporation, Japan) in accordance 
with the manufacturer’s instructions. The following parameters were recorded: white blood cell (WBC), N, L, M, 
and PLT counts. Inflammatory indices were calculated as follows: NLR, monocyte-to-lymphocyte ratio (MLR), 
PLR, systemic inflammatory response index (SIRI = N × M / L), and systemic immune inflammation index 
(SII = N × PLT / L).

Blood culture and microbial identification
Venous blood (8–10  mL) was aseptically collected from each patient by clinical staff and inoculated into 
blood culture bottles (Becton, Dickinson and Company [BD], USA) for microbiological testing. Cultures 
were processed using an automated blood culture system (BACTEC FX, BD, USA). Blood culture results were 
interpreted based on instrument reports as follows: ① Negative: No positive signal reported within 120 h; ② 
Positive: A positive signal reported within 120 h, after which the culture bottle was removed and subcultured 
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onto blood agar and China blue agar plates (Guangzhou Dijing Microbial Technology Co., Ltd, China). Bacterial 
colonies were inspected the following day, and species identification along with antimicrobial susceptibility 
testing was performed using an automated system (Phoenix 100, BD, USA).

Clinical data collection
Clinical information was obtained from the electronic medical record system of Quanzhou first hospital. Data 
collected included sex, age, history of hypertension, history of diabetes, hematologic diagnosis, duration of 
illness, presence of infections other than BSI, presence of chronic internal medical conditions (e.g., hepatitis, 
coronary artery disease, chronic kidney disease, chronic obstructive pulmonary disease), and infection severity 
in patients with BSI.

Subgroup classification within the BSI cohort
Based on clinical data, the 112 patients with BSI were stratified into subgroups according to the following criteria:

① Co-infection status: Patients were categorized into the simple BSI (si-BSI, n = 44), who had BSIs without 
other concurrent infections, and the BSI with co-infections (co-BSI, n = 68), who had concurrent infections such 
as pulmonary infections, urinary tract infections, or peritonitis. ② Infection severity: Patients were classified as 
having general BSI (ge-BSI, n = 80) if they showed clinical improvement and were discharged following blood 
culture collection and treatment, or serious BSI (se-BSI, n = 32) if they experienced shock, cardiopulmonary 
arrest, multiorgan failure, or required emergency resuscitation. ③ Microbial classification: According to pathogen 
type, patients were grouped into Gram-negative BSI (G-BSI, n = 81) and Gram-positive BSI (G + BSI, n = 20). 
Patients with fungal (n = 4) or mixed infections (n = 7) were not included in subgroup comparisons due to their 
small numbers.

Cohort division for model development and validation
The BSI and NBSI cohorts were randomly divided into training and validation sets in an 8:2 ratio. The training 
cohort included 87 patients with BSI and 115 patients with NBSI, while the validation cohort included 25 patients 
with BSI and 30 with NBSI. There was no statistically significant difference between the positive groups of the 
training and validation sets, nor between the negative groups of the two sets. Data from the training cohort were 
used to develop the predictive model, and data from the validation cohort were used to evaluate its performance.

Statistical analysis
Statistical analyses were performed using SPSS version 21.0 and R version 4.2.1. Mean ± standard deviation 
(X ± SD) represents continuous variables with normally distributed, such as age, were expressed as and compared 
between groups using independent samples t-tests. Disease duration, WBC, N, L, M, PLT, NLR, MLR, PLR, SIRI, 
and SII were non-normally distributed variables, presented as median (interquartile range, IQR) and compared 
using the Mann–Whitney U test. Categorical variables were reported as percentages: sex was expressed as the 
proportion of male patients; history of hypertension, diabetes, presence of co-infections, and chronic internal 
diseases were reported as positive rates; hematologic diagnoses were expressed as the distribution of disease 
types. Group comparisons for categorical variables were conducted using the chi-square (χ2) test.

Binary logistic regression was used to identify risk factors for BSI in the training cohort. Spearman correlation 
analysis was applied to assess correlations among inflammatory indices. Variance inflation factor (VIF) analysis 
was performed to diagnose collinearity and select the most informative predictors for construction of a 
nomogram predictive model. The diagnostic performance of individual predictors and the predictive model was 
assessed using receiver operating characteristic curves (ROC). Decision curve analysis (DCA) and diagnostic 
calibration curves were used to validate and evaluate the predictive model. A two-tailed P value < 0.05 was 
considered statistically significant.

Results
Pathogen distribution in the BSI cohort
Among the 112 patients with BSI, a total of 119 pathogenic strains were isolated, including 7 cases of mixed 
infections involving two pathogens (6.25%). Of the isolates, 81 (72.32%) were Gram-negative (G −) bacteria, 
20 (17.86%) were Gram-positive (G +) bacteria, and 4 (3.57%) were fungi. The three most frequently isolated 
pathogens—all Gram-negative—were Escherichia coli (25.00%), Klebsiella pneumoniae subsp. pneumoniae 
(23.21%), and Pseudomonas aeruginosa (16.96%). Notably, among the seven cases of mixed infection, five 
involved K. pneumoniae subsp. pneumoniae combined with other pathogens (Table 1).

Comparison of inflammatory marker levels among BSI subgroups
Comparison of inflammatory index levels between different subgroups within the BSI group. The results showed 
that SII and NLR can be used to distinguish whether there is co infection and evaluate the severity of infection 
(Fig. 1). Among patients with BSI, those in the co-BSI group had significantly higher SII levels compared to 
those in the si-BSI group, with a statistically significant difference (P = 0.033). The NLR level in the se-BSI group 
was significantly higher than that in the ge-BSI group, and the difference was statistically significant (P = 0.006). 
There was no statistically significant difference in the levels of all inflammatory indicators between the G-BSI 
group and the G + BSI group.
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Development of a nomogram predictive model for BSI prediction
Comparison of clinical characteristics between the BSI and NBSI groups
Compared with the NBSI group, patients in the BSI group had a significantly longer disease duration and a 
higher proportion of acute lymphoblastic leukemia (P values are 0.002 and < 0.001, respectively). In addition, 
complete blood count parameters and inflammatory marker levels were significantly lower in the BSI group, with 
all differences reaching statistical significance (P < 0.001, except for PLR which had a P value of 0.009) (Table 2).

Logistic regression analysis of BSI risk factors
Univariate logistic regression analysis identified prolonged disease duration, hematologic diagnosis category 
(primarily acute leukemia), and decreased levels of inflammatory markers as individual risk factors for the 
occurrence of BSI (P values are all < 0.05). However, multivariate analysis revealed that only prolonged disease 
duration was an independent predictor of BSI (P = 0.004) (Tables 3).

ROC analysis of individual inflammatory markers
ROC analysis was performed to evaluate the diagnostic value of NLR, MLR, PLR, SIRI, and SII for identifying 
BSI. All markers demonstrated diagnostic utility, with areas under the curve (AUC) ranging from 0.607 to 0.775. 
Among them, SII exhibited the highest diagnostic performance, with an AUC of 0.775. The corresponding 
diagnostic metrics for each marker are summarized in Table 4.

Correlation analysis of inflammatory markers
As all inflammatory indices were derived from N, L, M, and PLT counts, potential collinearity was expected. 
Spearman correlation analysis was conducted to assess the relationships among these markers. Strong 

Pathogen name Cases (n) Proportion (%)

G −

Escherichia coli 28 25.00

Klebsiella pneumoniae subsp. pneumoniae 26 23.21

Pseudomonas aeruginosa 19 16.96

Klebsiella oxytoca 2 1.79

Enterobacter cloacae-complex 2 1.79

Klebsiella pneumoniae subsp. ozaenae 1 0.89

Aeromonas hydrophila 1 0.89

Stenotrophomonas maltophilia 1 0.89

Acinetobacter baumannii 1 0.89

Subtotal 81 72.32

G + 

Staphylococcus aureus 8 7.14

Bacillus cereus 3 2.68

Streptococcus mitis 2 1.79

Streptococcus pneumoniae 2 1.79

Enterococcus faecium 2 1.79

Streptococcus anginosus 1 0.89

Granulicatella adiacens 1 0.89

Staphylococcus hominis 1 0.89

Subtotal 20 17.86

Fungi

Candida tropicalis 3 2.68

Candida krusei 1 0.89

Subtotal 4 3.57

Mixed infections

K. pneumoniae subsp. pneumoniae/ A. hydrophila 2 1.79

E. coli / P. aeruginosa 1 0.89

P. aeruginosa / Staphylococcus cohnii 1 0.89

K. pneumoniae subsp. pneumoniae/ S. aureus 1 0.89

K. pneumoniae subsp. pneumoniae/ Streptococcus oralis 1 0.89

K. pneumoniae subsp. pneumoniae/ E. cloacae-complex 1 0.89

Subtotal 7 6.25

Total 112 100.00

Table1.  Distribution of BSI pathogenic bacteria in CIN patients.
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correlations (r > 0.7) were observed for the following pairs: NLR vs. SIRI (r = 0.715), NLR vs. SII (r = 0.868), MLR 
vs. SIRI (r = 0.856), and SIRI vs. SII (r = 0.713). Based on both correlation patterns and AUC performance, MLR, 
PLR, and SII were selected as candidate variables for nomogram predictive model construction.

Collinearity diagnostics
VIF were calculated for the candidate variables included in the predictive model: disease duration (VIF = 1.052), 
hematologic diagnosis (VIF = 1.084), MLR (VIF = 1.215), PLR (VIF = 1.622), and SII (VIF = 1.713). All VIF 
values were below 2, indicating weak collinearity among variables.

Nomogram predictive model construction
Disease duration, hematologic diagnosis, MLR, PLR, and SII—were incorporated into the construction of a 
nomogram for predicting BSI (Fig. 2).

Model validation
ROC analysis
ROC analysis was conducted to assess the discriminative ability of the predictive model for identifying BSI in 
both the training and validation cohorts. In the training cohort, the model demonstrated an AUC of 0.817 (95% 
CI: 0.758–0.876), with a sensitivity of 81.62%, specificity of 76.52%, positive predictive value (PPV) of 72.45%, 
and negative predictive value (NPV) of 84.62% (Fig. 3A). In the validation cohort, the model yielded an AUC 
of 0.781 (95% CI: 0.658–0.905), with a sensitivity of 92.00%, specificity of 63.33%, PPV of 67.65%, and NPV of 
90.48% (Fig. 3B).

DCA
The decision curve of the predictive model was markedly distant from the “None” and “All” extremes (Fig. 3C), 
indicating a wide threshold range and a relatively high net clinical benefit. These results suggest that the model 
may offer substantial value in guiding clinical decision-making.

Fig. 1.  (A) Comparison of inflammatory marker levels between the co-BSI group and the si-BSI group. (B) 
Comparison of inflammatory marker levels between the ge-BSI group and the se-BSI group. (C) Comparison 
of inflammatory marker levels between the G-BSI group and the G + BSI group.
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Independent variable β P OR

95%CI of OR

Lower limits Upper limits

A. Univariate analysis of risk factors for BSI

Disease duration (m) 0.026 0.045 1.027 1.001 1.053

Diagnosis of Hematological Diseases  − 0.310 0.016 0.733 0.570 0.944

NLR  − 0.570 0.002 0.565 0.394 0.811

MLR  − 1.183 0.004 0.306 0.137 0.684

PLR  − 0.002 0.014 0.998 0.996 1.000

SIRI  − 8.825 0.002 0.000 0.000 0.038

SII  − 0.041  < 0.001 0.959 0.940 0.979

B. Multivariate analysis of independent risk factors for BSI

Disease duration (m) 0.056 0.004 1.057 1.018 1.098

Diagnosis of Hematological Diseases  − 0.165 0.269 0.848 0.633 1.136

NLR 0.407 0.287 1.502 0.710 3.179

MLR 0.161 0.807 1.174 0.323 4.273

PLR 0.001 0.253 1.001 0.999 1.004

SIRI 0.879 0.768 2.410 0.007 829.143

SII  − 0.039 0.078 0.961 0.920 1.004

Table 3.  Logistic regression analysis of risk factors for BSI.

 

BSI group NBSI group statistical value P

Case (n) 87 115 – –

Male (%) 54.02 57.39 0.228 0.633

Age (y) 47.57 ± 17.06 51.22 ± 14.00 1.580 0.116

Disease duration (m) 4.0 (1.0 ~ 12.0) 2.0 (1.0 ~ 5.0) -3.169 0.002

History of hypertension (%) 17.24 23.48 1.170 0.279

History of diabetes (%) 16.09 15.65 0.007 0.932

Merge chronic internal medicine diseases (%) 13.79 11.30 0.283 0.595

Diagnosis of Hematological Diseases

 Acute myeloid leukemia (%) 44.83 45.22

39.419  < 0.001

 Acute lymphoblastic leukemia (%) 36.78 6.96

Mature B lymphoma (%) 8.05 31.30

Myelodysplastic syndrome (%) 10.34 11.30

Other blood diseases (%)* 0.00 5.22

Blood routine indicators

 WBC (× 109/L) 0.24 (0.14 ~ 0.33) 0.72 (0.40 ~ 1.22)  − 8.013  < 0.001

 N (× 109/L) 0.01 (0.01 ~ 0.04) 0.14 (0.03 ~ 0.48)  − 7.237  < 0.001

 L (× 109/L) 0.20 (0.10 ~ 0.29) 0.38 (0.23 ~ 0.54)  − 6.078  < 0.001

 M (× 109/L) 0.01 (0.00 ~ 0.03) 0.05 (0.02 ~ 0.19)  − 6.370  < 0.001

 PLT (× 109/L) 9.00 (4.00 ~ 22.00) 31.00 (14.00 ~ 66.00)  − 6.421  < 0.001

Inflammatory indicators

 NLR 0.077 (0.036 ~ 0.250) 0.389 (0.079 ~ 1.143)  − 4.849  < 0.001

 MLR 0.048 (0.000 ~ 0.133) 0.138 (0.046 ~ 0.518)  − 4.390  < 0.001

 PLR 48.000 (22.222 ~ 119.799) 84.091 (33.333 ~ 237.958)  − 2.614 0.009

 SIRI 0.000 (0.000 ~ 0.004) 0.027 (0.001 ~ 0.150)  − 6.468  < 0.001

 SII 0.622 (0.195 ~ 2.561) 16.000 (1.579 ~ 53.719)  − 6.689  < 0.001

Table 2.  Comparison of baseline clinical characteristics between the BSI and NBSI groups in the training 
cohort. *Other hematologic diseases refer to conditions that could not be classified into the predefined 
categories in this study, including mixed-phenotype acute leukemia, acute undifferentiated leukemia, and 
T-lymphoblastic leukemia.
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Diagnostic calibration curve
Diagnostic calibration curve of the predictive model in the validation cohorts, Hosmer-Lemeshow test result 
P = 0.3289, indicating good model fit (Fig. 3D).

Discussion
This study first investigated the distribution of pathogens isolated from 112 patients with BSI, providing 
preliminary insight into the predominant causative organisms of BSI in CIN patients within the local region. 
Subsequent comparisons of inflammatory marker levels across BSI subgroups revealed that the SII and NLR may 
be useful in evaluating the presence of co-infections and infection severity, respectively. A nomogram predictive 
model based on routine hematological inflammatory markers was then developed using training and validation 
cohorts to predict the risk of BSI in CIN patients. The predictive efficacy of this model was confirmed by ROC 

Fig. 2.  Nomogram predictive model for predicting BSI. Evaluate the probability of developing BSI in patients 
with CIN hematological disorders by assigning scores to different indicators and calculating the total score. 
Note: ‘Disease duration (m)’ refers to the actual duration of illness in months. ‘Diagnosis’ is numerically 
coded as follows: 1 = acute myeloid leukemia, 2 = acute lymphoblastic leukemia, 3 = mature B-cell lymphoma, 
4 = myelodysplastic syndrome, 5 = other hematologic diseases. ‘MLR’, ‘PLR’, and ‘log (SII + 1)’ values represent 
the actual calculated indices. The SII variable was transformed using log (SII + 1) to mitigate issues of complete 
or quasi-complete separation during model construction, as direct inclusion of raw SII values led to excessive 
predicted probabilities of 0 or 1.

 

Inflammatory indicators cut off Youden index AUC (95%CI) Sensitivity (%) specificity (%) PPV (%) NPV (%)

NLR 0.366 0.341 0.699 (0.627 ~ 0.772) 82.76 51.30 56.25 79.73

MLR 0.092 0.287 0.680 (0.606 ~ 0.754) 67.82 60.87 56.73 71.43

PLR 100.530 0.182 0.607 (0.529 ~ 0.686) 71.26 46.96 50.41 68.35

SIRI 0.002 0.455 0.763 (0.699 ~ 0.828) 72.42 73.04 67.02 77.78

SII 1.950 0.449 0.775 (0.711 ~ 0.839) 73.56 71.31 65.98 78.10

Table 4.  Diagnostic performance of individual inflammatory markers for screening BSI.
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analysis, DCA, and diagnostic calibration curve assessment, demonstrating its potential to serve as a valuable 
tool in guiding clinical decision-making.

Among the 112 patients with BSI, a total of 119 pathogenic strains were isolated, including 7 cases involving 
mixed infections with two pathogens. The three most frequently isolated organisms were all G − bacteria: 
Escherichia coli, Klebsiella pneumoniae subsp. pneumoniae, and Pseudomonas aeruginosa. These findings indicate 
that BSI in hematologic patients with CIN at our institution are predominantly caused by G − bacteria and are 
characterized by a diverse spectrum of pathogens. Notably, in 5 of the 7 cases of mixed infection, K. pneumoniae 
subsp. pneumoniae was co-isolated with other pathogens, suggesting a potential association between K. 
pneumoniae subsp. pneumoniae infection and increased susceptibility to mixed infection. However, in this study, 
there were only 7 cases of mixed infection, which is too small to support this viewpoint. Therefore, this viewpoint 
still needs to be further validated by expanding the sample size or conducting multicenter studies. This pattern 
is consistent with previously reported pathogen profiles among hematologic patients with BSI12–14. However, 
compared with similar studies on hematologic patients with CIN, researchers such as Piukovics, Liu, and Guo 
have reported that Staphylococcus aureus and coagulase-negative staphylococci—both G + organisms—were 
among the top three pathogens isolated in cases of BSI15–17. This discrepancy may be attributable to differences in 
inclusion criteria: the aforementioned studies focused on patients with severe neutropenia (ANC < 0.5 × 109/L), 
whereas the present study included patients with neutropenia defined as ANC < 2.0 × 109/L. Another possible 
explanation lies in the study design. Our retrospective analysis was limited to CIN patients who underwent both 
blood culture and complete blood count testing simultaneously, and was conducted at a single center. These 
factors introduce notable limitations and may not fully capture the comprehensive pathogen spectrum of BSI in 
hematologic patients with CIN. In the future studies, a large number of specimens and multicenter participation 
are warranted to further characterize the microbiological profiles in this population.

To further explore the clinical relevance of inflammatory markers, the BSI group was stratified by infection 
characteristics, and intergroup comparisons were conducted. The results indicate that SII levels were significantly 
higher in the co-BSI group compared to the si-BSI group, while NLR levels were significantly elevated in the se-
BSI group relative to the ge-BSI group. These results indicate that inflammatory markers may reflect different 

Fig. 3.  Validation of predictive model. (A) The ROC of the predictive model screening training cohort BSI. (B) 
ROC of the predictive model screening validation cohort BSI. (C) DCA of the predictive model for BSI in the 
validation cohort. (D) Diagnostic calibration curve of the predictive model for BSI in the validation cohort.
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infection profiles in patients with BSI, especially SII and NLR. Specifically, elevated SII levels may indicate the 
presence of additional infections beyond BSI, whereas an increase in NLR may signal a more severe infection 
burden. The role of NLR observed in this study aligns with findings by Roldgaard in patients with sepsis not related 
to CIN10. However, no prior studies have been identified that specifically examine the relationship between SII 
and infection characteristics in BSI, making direct comparisons unavailable. Additionally, comparisons between 
the G − BSI and G + BSI groups revealed no significant differences in any of the inflammatory marker levels. This 
suggests that such markers may not be suitable for assessing the type of infecting organisms in CIN patients with 
BSI. Nonetheless, the findings regarding NLR and SII may support clinical assessment of infection severity and 
inform timely adjustments in therapeutic strategies.

In this study, random sampling was used to divide both the BSI and NBSI groups in an 8:2 ratio. Data from 
the training cohort were used to construct the predictive model, while the validation cohort was used to evaluate 
its performance. Comparative analysis of clinical characteristics and inflammatory markers between the BSI and 
NBSI groups in the training cohort revealed that BSI patients had significantly longer disease durations and a 
higher proportion of acute lymphoblastic leukemia. Furthermore, routine hematologic and inflammatory marker 
levels were markedly lower in the BSI group. These findings are consistent with results obtained in our preliminary 
studies18. These results indicate that prolonged disease duration and increased chemotherapy exposure elevate 
the risk of developing BSI in patients with hematologic malignancies, specifically acute myeloid leukemia and 
acute lymphoblastic leukemia—being the most susceptible. Prolonged disease duration predisposes patients to 
BSI, which are closely associated with the frequency and length of hospitalizations. Repeated and extended 
admissions entail greater exposure to chemotherapy and invasive diagnostic or therapeutic procedures, resulting 
in progressive immunosuppression and an increased risk of BSI. In addition, the lower the WBC and differential 
counts during episodes of CIN, the higher the likelihood of BSI occurrence. This conclusion was supported by 
the subsequent logistic regression analysis and is consistent with current expert consensus, which recognizes 
CIN as a significant risk factor for invasive infections. On the other hand, inflammatory marker levels in the BSI 
group were significantly decreased, in stark contrast to their typically elevated levels observed in BSI patients 
without CIN8,9,19. The suggests that in hematologic patients with CIN, a lower level of systemic immune response 
is related to a higher risk of developing BSI. Therefore, in clinical practice, declining inflammatory marker levels 
in suspected cases of BSI among CIN patients should be closely monitored and not overlooked.

Given the narrow numerical range of WBC and its differential counts, particularly N, which typically fall 
within 0 to 2 × 109/L in CIN patients. This study opted to use composite inflammatory markers instead of absolute 
WBC or subtype counts for constructing the nomogram. These markers, which represent ratios of different 
leukocyte subtypes, provide more representative and scalable metrics. Considering the overlapping formulas 
used to derive these indices, we first conducted a correlation analysis. Strong correlations were observed among 
NLR, SIRI, and SII, as well as between MLR and SIRI. Based on their respective AUCs for BSI prediction and the 
distribution characteristics shown in Table 2, SII and MLR were selected as model variables. After collinearity 
diagnosis using VIFs, five variables (disease duration, hematologic diagnosis, MLR, PLR, and SII) were 
ultimately included in the final nomogram. Notably, direct inclusion of SII led to a high frequency of predicted 
probabilities clustering at 0 or 1, suggesting the presence of complete or quasi-complete separation. However, 
given the superior diagnostic performance of SII as a single predictor (AUC = 0.775, 95% CI: 0.711–0.839), it was 
retained in the model after logarithmic transformation as log (SII + 1), thereby preserving its predictive utility. 
Additionally, PLR exhibited a pattern in the predictive model whereby higher values corresponded to higher 
scores, which contradicts the earlier findings of this study. This inconsistency may be attributed to underlying 
correlations among the inflammatory markers included in the model—namely, MLR, PLR, and log (SII + 1).

The nomogram predictive model developed in this study was validated using ROC analysis, DCA, and 
diagnostic calibration curve assessment. ROC analysis demonstrated an AUC of 0.817 (95% CI: 0.758–0.876) 
in the training cohort and 0.781 (95% CI: 0.658–0.905) in the validation cohort, indicating favorable diagnostic 
performance for BSI screening in both cohorts. Notably, the model outperformed any individual inflammatory 
marker in the training cohort, suggesting that incorporating disease duration and hematologic diagnosis 
significantly enhanced predictive accuracy. In the DCA, the model’s decision curve was well-separated from the 
“None” and “All” extremes, indicating a wide threshold range and high net clinical benefit. This highlights the 
model’s potential utility in guiding clinical decision-making. The diagnostic calibration curve showed a Hosmer–
Lemeshow P-value of 0.3289, suggesting good agreement between predicted and observed risks. However, the 
calibration curve slightly deviated above the ideal line within a certain probability range, indicating that the 
model may underestimate the actual risk of BSI in CIN patients to some extent. Consequently, for CIN patients 
with suspected BSI, clinicians should consider empirical prophylactic antibiotic therapy based on individual 
clinical assessment.

Finally, this study was a retrospective analysis rather than a prospective investigation. Therefore, when 
comparing the BSI and NBSI groups, CIN patients matched by age and sex were selected to reduce baseline 
differences. However, due to substantial missing data on body mass index (BMI) among study participants, 
comparative analysis involving age, sex, and BMI could not be conducted. However, previous studies have 
suggested that increasing age may be associated with a higher risk of infection in patients with CIN20,Moreover, 
a lower baseline BMI has been associated with poorer infection-related outcomes21. Therefore, future studies will 
adopt a prospective design and incorporate additional variables such as age, sex, and BMI to further refine and 
improve the predictive model.

This study identified several characteristic features of BSI in hematologic patients with CIN, including 
prolonged disease duration, predominance of acute leukemia, and significantly reduced levels of routine 
hematologic inflammatory markers. Among these markers, the SII and NLR demonstrated some utility in 
reflecting infection severity. A nomogram incorporating disease duration, hematologic diagnosis, MLR, PLR, 
and SII was developed and validated, offering a straightforward and effective tool for BSI risk assessment and 
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screening in clinical settings. However, this was a single-center retrospective study with inherent limitations. 
Future prospective multicenter studies and external validation are warranted to further refine and validate the 
predictive model.

Data availability
All data generated or analyzed during this study are included in this published article.
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