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Objective: To identify clinical factors associated with sepsis during induction chemotherapy–induced neutropenia (CIN) in children 
with acute lymphoblastic leukemia (ALL).
Methods: This single-center retrospective study included 292 children with ALL who received induction chemotherapy between 
January 2019 and July 2024. Candidate variables were extracted within 24 hours after the first onset of CIN. Sepsis was defined using 
the pediatric Sequential Organ Failure Assessment (pSOFA). Univariable Cox regression, collinearity assessment using variance 
inflation factor (VIF), and multivariable Cox regression analyses were performed to identify risk factors associated with time to sepsis. 
Kaplan-Meier analyses were used to illustrate sepsis-free survival according to key factors.
Results: Sepsis occurred in 48/292 (16.4%) patients. In multivariable analysis, oral mucosal status (HR=1.336, 95% CI: 1.061–1.681, 
P=0.014), C-reactive protein to albumin ratio (CAR) (HR=1.407, 95% CI: 1.088–1.806, P=0.050), red cell distribution width (RDW) 
(HR=1.126, 95% CI: 1.028–1.233, P=0.011), and procalcitonin (PCT) (HR=1.017, 95% CI: 1.002–1.036, P=0.043) were indepen
dently associated with sepsis risk. Kaplan-Meier analyses showed significantly different sepsis-free survival across strata of these 
factors (all P<0.05).
Conclusion: Oral mucosal status, CAR, RDW, and PCT were independently associated with sepsis risk during CIN in children with 
ALL. These findings may inform early risk assessment and warrant confirmation in larger, multicenter cohorts.
Keywords: acute lymphoblastic leukemia, children, sepsis, chemotherapy-induced neutropenia, risk factors, cox regression analysis

Introduction
Acute lymphoblastic leukemia (ALL) is the most prevalent malignant tumor of the hematopoietic system in children, 
with an annual incidence of approximately 3–4 per 100,000, accounting for 75–80% of childhood hematologic 
malignancies.1 In recent years, continuous optimization of chemotherapy regimens and the widespread application of 
stratified treatment strategies have led to improved long-term therapeutic outcomes for childhood ALL, with the 5-year 
event-free survival (EFS) rate exceeding 80% in some developed countries.2,3 Nonetheless, severe adverse events during 
treatment remain a critical factor affecting patient prognosis, with infectious complications being the most common.

During the induction remission phase, all patients with ALL are treated with high-dose chemotherapy, which can 
frequently lead to chemotherapy-induced neutropenia (CIN). This condition compromises immune barriers and increases 
susceptibility to pathogens such as bacteria, viruses, and fungi, significantly elevating the risk of infection.4,5 Studies 
indicate that severe infections are a leading cause of mortality in ALL patients, with global infection-related mortality 
rates during chemotherapy estimated at 2–4%,6 while in developed regions this rate is approximately 1.7–2.4%.7,8 In 
children, sepsis is commonly operationalized as infection-associated organ dysfunction, and delayed recognition may 
lead to shock, multi-organ failure, treatment interruption, and worse outcomes.9,10 Therefore, clarifying clinical correlates 
and factors associated with sepsis during CIN remains a key issue in pediatric oncology supportive care.
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However, evidence targeting sepsis risk specifically in the early window after the first onset of induction-phase CIN 
remains limited. Previous studies and routine practice have largely relied on ALL risk stratification, treatment intensity, 
and single inflammatory markers such as CRP and PCT to characterize infection risk.11 In contemporary care, 
antimicrobial prophylaxis or empiric therapy during CIN may alter pathogen spectra and increase the likelihood of 
resistant colonization, which can reduce the discriminatory value of traditional single markers in this time window.12 In 
addition, induction chemotherapy frequently causes mucosal barrier injury. Such injury may facilitate microbial translo
cation and bloodstream infection, plausibly contributing to sepsis during CIN. Together, these considerations support 
further evaluation of clinically accessible factors assessed early at CIN onset, including oral mucosal status and 
integrated inflammation–nutrition indices.

Sepsis is characterized by a dysregulated host response involving complex interactions between inflammation and 
immunity, often evolving from an initial hyperinflammatory phase to later immunosuppression.13,14 Emerging evidence 
also indicates a bidirectional negative feedback between inflammation and nutritional status.15 In recent years, the 
C-reactive protein–to–albumin ratio (CAR) has been proposed as an integrated inflammation–nutrition index and has 
been reported to be associated with disease severity and outcomes in pediatric critical illness and adult sepsis.16–18 

Meanwhile, red cell distribution width (RDW), an indicator reflecting systemic inflammation and bacterial infection, has 
attracted significant attention in sepsis research.19,20

This study is based on a single-center retrospective cohort of children with ALL who developed CIN. We focused on 
this population because CIN onset marks a clinically vulnerable period with heightened susceptibility to infection, during 
which sepsis remains a major concern. Using Cox proportional hazards regression with time zero at the first episode of 
CIN, we aimed to identify factors associated with subsequent sepsis onset during induction chemotherapy. These findings 
are hypothesis-generating and warrant validation in larger, multicenter cohorts.

Materials and Methods
Study Population: Enrollment and Follow-Up
We conducted a single-center, retrospective, observational cohort study, with data from the cohort of 292 pediatric ALL 
patients extracted from the Jiahe electronic medical record system of the First Affiliated Hospital of Xinjiang Medical 
University. Eligible patients were screened based on discharge diagnoses and verified through medical record review, 
which was performed independently by qualified physicians. Inclusion criteria were: (i) ages 1–18 years; (ii) diagnosis of 
ALL according to the Recommendations for the Diagnosis and Treatment of Acute Lymphoblastic Leukemia in Children 
(Fourth Revision)21 issued by the Hematology Group of the Pediatrics Branch of the Chinese Medical Association; and 
(iii) receipt of induction therapy at initial diagnosis. Exclusion criteria were: (i) prior chemotherapy or other anticancer 
treatments, such as immunotherapy, radiotherapy, or hematopoietic stem cell transplantation, before admission; (ii) 
history of other malignancies; (iii) glucocorticoid exposure within one month before enrollment.

All eligible patients were enrolled at the first occurrence of CIN during induction therapy; the calendar date of first 
CIN onset was defined as the index time (T0). The primary outcome was sepsis. Follow-up started at T0 and ended at 
sepsis onset or censoring at neutrophil recovery (NEU ≥ 1.5 × 10^9/L), whichever occurred first. Patients who 
discontinued treatment for personal reasons or died before developing sepsis were censored at the date of discontinuation 
or death. Complete blood counts were obtained approximately every 3 days. To avoid underestimation of follow-up in the 
presence of events, the median follow-up time was estimated using the reverse Kaplan–Meier method. During follow-up, 
children who developed sepsis were classified as sepsis cases, whereas those who did not develop sepsis were treated as 
censored observations, most commonly at neutrophil recovery.

Definition
In this study, risk stratification of ALL was based on the CCLG-ALL-2018 protocol, which comprehensively evaluated 
patients clinical features, cellular immunology, biological characteristics, and treatment responses. Following a 7-day 
prednisone trial, prednisone response was categorized as good prednisone response (GPR) or poor prednisone response 
(PPR): a peripheral blood blast count < 1.0 × 10^9/L indicated GPR, whereas ≥ 1.0 × 10^9/L indicated PPR. In 
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conjunction with minimal residual disease levels, patients were classified into three categories: low-risk, intermediate- 
risk, and high-risk. We defined pediatric sepsis using the Pediatric Sequential Organ Failure Assessment (pSOFA) 
score.22 An increase of ≥2 points in pSOFA indicates organ dysfunction and supports the diagnosis of sepsis. As 
a sensitivity analysis, we repeated the Cox regression analyses using a PELOD-2–based sepsis definition to assess the 
robustness of the identified associations. Nutritional status was assessed in accordance with World Health Organization’s 
standards for evaluating children’s nutritional status. Using age- and sex-specific standard deviation (Z-score) 
reference.23 Based on these assessment, children were categorized into two groups: well-nourished and malnourished. 
Oral mucosal status was evaluated according to WHO oral mucosal grading standards. Grades were as follows: Grade 0, 
normal mucosa without symptoms; Grade 1, mucosa erythema/edema without ulcers; Grade 2, ulcers present with ability 
to consume solid food; Grade 3, severe ulceration restricting intake to liquids; Grade 4, inability to take oral nutrition due 
to severe pain or lesions, requiring parenteral nutritional support.24

Treatment
All children with ALL received standard induction chemotherapy. Induction chemotherapy followed the CCLG-ALL 
-2018 protocol for the treatment of pediatric ALL in China. The regimen comprised the following: vincristine, 1.5 mg/m2 

per dose (maximum single dose 2 mg), administered once weekly for four doses; daunorubicin, 30 mg/m2 per dose, 
administered once weekly for two to four doses; L-asparaginase, 5,000–10,000 U/m2 per dose, for a total of ten doses; 
and dexamethasone (DXM) 6–8 mg/m2/day from day 8 to day 28, followed by a taper from days 29 to day 35 in which 
the daily dose was reduced by half every two days until discontinuation.

During induction chemotherapy, if a patient developed neutropenia, granulocyte colony-stimulating factor (G-CSF) 
was routinely administered to promote granulocyte recovery. A short-acting G-CSF preparation was given at 3–5 µg/kg/ 
day and continued until the neutrophil count returned to the normal range, after which it was discontinued. In the event of 
fever, stepwise anti-infective therapy was initiated according to the Chinese Guidelines for Clinical Diagnosis and 
Treatment of Antimicrobial Agents in Patients with Febrile Neutropenia (2016 Edition).25 The initial empirical antibiotic 
regimen was selected based on the site of infection, clinical presentation, and ancillary test findings. Broad-spectrum 
antibiotics were used as first-line therapy; for example, meropenem (10–20 mg/kg every 8 hours) to provide broad 
coverage. If clinical symptoms improved within 48–72 hours or the identified pathogen was susceptible to narrower- 
spectrum agents, de-escalation was implemented—for example, switching to targeted treatment such as ceftriaxone 
(20–80 mg/kg/d, once daily) for Enterobacterales-susceptible infections. For patients with fever persisting ≥ 72 hours 
without microbiological evidence of infection, empirical antifungal therapy was initiated-with voriconazole as the first 
choice-and subsequently adjusted according to mycological findings and imaging results. All medications were adminis
tered by trained nursing staff at 10:00 a.m. (Beijing time).

Data Collection
Data collected included: (i) general information(sex and age); (ii) Clinical characteristics(risk group, prednisone 
response, immunophenotype, and oral mucosal status); (iii) laboratory indices, including white blood cell count 
[WBC], platelet count [PLT], neutrophil count [NEU], C-reactive protein [CRP], procalcitonin [PCT], red cell distribu
tion width [RDW], interleukin-6 [IL-6], albumin [ALB], and others routinely measured parameters. All laboratory 
variables were extracted from the first test results obtained within 24 hours after the first onset of chemotherapy- 
induced neutropenia (CIN; index time), rather than peak values during the CIN period. Oral mucosal status was assessed 
within the same 24-hour window by trained physicians using a standardized clinical assessment protocol and was 
documented in the medical record.

Statistical Methods
Statistical analysis was conducted using R version 4.3.0. Normality of continuous variables was assessed with the 
Shapiro–Wilk test, non-normally distributed data are reported as median (interquartile range, IQR). Categorical variables 
were summarized as frequency and percentage (n, %). Initially, univariable comparisons were performed to screen 
candidate variables, selecting those with P < 0.05. Univariable Cox proportional hazards regression was subsequently 
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conducted for each variable, and variables with P < 0.05 were selected for collinearity assessment. Collinearity was 
evaluated using correlation heatmaps and variance inflation factor (VIF), and highly collinear variables were removed. 
The remaining variables were incorporated into a multivariable Cox regression to identify variables independently 
associated with sepsis among children undergoing chemotherapy for ALL who developed neutropenia. Survival 
differences were visualized with Kaplan-Meier (KM) curves and compared using the Log rank test. Missingness for 
all variables included in the analyses was 0%; therefore, no imputation was performed (Supplementary Figure 1).

Results
Baseline Characteristics
During induction therapy, 292 children with ALL were enrolled at the index time. Sepsis occurred in 48 patients(16.4%) 
during the CIN window, whereas 244 patients(83.6%) achieved neutrophil recovery (NEU ≥ 1.5 × 109/L). The participant 
flow and outcome classification during the CIN window are shown (Figure 1). The median follow-up time from T0 was 4 
days (IQR 3–8; range 2–12). Notably, approximately half of the sepsis events occurred after CIN lasted more than 7 days 
(Supplementary Table 1). In sensitivity analyses, 45 of 48 (93.8%) pSOFA-defined sepsis cases also met the PELOD-2 
criteria assessed in the same window, indicating high concordance. The cohort included 131 boys (45%) and 161 girls 
(55%). No statistically significant differences in baseline characteristics-sex, age, prednisone response and nutritional 
status-were observed between the two groups (P > 0.05) (Table 1). Regarding risk stratification, the proportion of sepsis 
in the high-risk group was higher than that in the low and intermediate-risk groups (P = 0.001). Sepsis occurred more 
frequently among children with oral mucosal suppuration (P < 0.001). Overall, 11 laboratory/clinical indicators 
differences between groups (P < 0.05). Including risk level, NEU, RDW, WBC, PLT, CRP, PCT, IL-6, CAR,ALB, and 
oral mucosal status. Among sepsis cases, a total of 31 isolates were identified from positive blood cultures obtained 

Figure 1 Modeling Workflow for Sepsis Development in Pediatric ALL Patients with CIN.
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during the CIN window. Gram-negative bacteria predominated (58.1%, 18/31), followed by Gram-positive bacteria 
(32.3%, 10/31) and fungi (9.6%, 3/31). The most frequently isolated pathogens were Escherichia coli (n = 11) and 
Pseudomonas aeruginosa (n = 7). Details of pathogen distribution are provided (Supplementary Table 2).

Univariate Cox Regression Analysis
Based on preliminary between-group comparisons (P < 0.05), 11 candidate variables were entered into univariable Cox 
proportional hazards models for time to sepsis: WBC, NEU, RDW, PLT, CRP, PCT, IL-6, ALB, CAR, risk stratification, 
and oral mucosal status. In the univariable analyses, RDW, PLT, CRP, PCT, IL-6, CAR, risk stratification, and oral 
mucosal status met the screening threshold of P< 0.05 screening threshold and were retained for multivariable modeling 
(Table 2).

Collinearity Analysis
To evaluate pairwise correlations among variables that were significant in the univariable Cox analyses (P < 0.05) and to 
assess potential collinearity, we computed Pearson correlation coefficients. The analysis included eight key variables: 

Table 1 Comparison of Baseline Characteristics Between CIN Recovery and Sepsis Groups

Variable Overall 
(n = 292)

Non-Sepsis 
(n = 244)

Sepsis 
(n = 48)

P

Age(years) 7 (5.00,10.00) 7 (4.86,10.00) 8 (5.95,12.00) 0.054

Sex 0.11

Male 131 (45) 115 (47) 16 (33)
Female 161 (55) 129 (53) 32 (67)

Nutritional Status 0.781

Adequate 266 (91) 223 (91) 43 (90)
Inadequate 26 (9) 21 (9) 5 (10)

Immunophenotype 0.726
B-lineage 254 (87) 211 (86) 43 (90)

T-lineage 38 (13) 33 (14) 5 (10)

Risk stratification 0.001
Low risk 35 (12) 35 (14) 0 (0)

Intermediate risk 174 (60) 148 (61) 26 (54)

High risk 83 (28) 61 (25) 22 (46)
WBC (×109/L) 0.7(0.32,1.83) 0.74(0.34,1.9) 0.43(0.16,1.38) 0.033

NEU (×109/L) 0.13(0.01,0.3) 0.14(0.02,0.32) 0.04(0.01,0.2) 0.010

RDW (%) 15.3(13.6,17.02) 15(13.5,16.8) 15.9(14.6,18) 0.007
PLT (×109/L) 53.5(27,120.75) 60(31,147) 32(16.75,57.25) < 0.001

CRP (mg/L) 19.75(5.5,46.45) 16.85(5.1,41.82) 40.25(20.88,72.42) < 0.001

IL-6 (pg/mL) 13.81(3.9,47.4) 11.95(3.63,38.08) 48.15(10.53,133.75) < 0.001
PCT (ng/mL) 0.19(0.09,0.43) 0.16(0.08,0.32) 0.76(0.23,3.47) < 0.001

ALB (g/L) 36.6(32.1,41.05) 37.33(32.83,41.17) 33.34 (27.42,39.55) 0.002

CAR 0.57(0.17,1.34) 0.45(0.16,1.18) 1.39(0.6,2.15) < 0.001
Oral mucosal status < 0.001

Normal 227(78) 202(83) 25(52)

Erythema swelling 44(15) 42(17) 2(4)
Ulceration 6(2) 0(0) 6(12)

Suppuration 15(5) 0(0) 15(31)

Prednisone response 0.215
GPR 256 (88) 217 (89) 39 (81)

PPR 36 (12) 27 (11) 9 (18)

Abbreviations: CAR, C-reactive protein/albumin ratio; PCT, procalcitonin; CRP, C-reactive protein; ALB, albumin; 
RDW, red blood cell distribution width; WBC, white blood cell; NEU, neutrophil; PLT, platelet; IL-6, interleukin-6; GPR, 
good prednisone response; PPR, poor prednisone response.
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RDW, PLT, CRP, PCT, IL-6, CAR, risk stratification, and oral mucosal status. We generated and visualized the Pearson 
correlation matrix (Figure 2). Most absolute correlation coefficients were < 0.4, suggesting a low overall risk of 
collinearity. Notably, CRP and CAR were highly correlated(r = 0.98, P < 0.001), indicating a strong association between 
these variables.

To further quantify multicollinearity among the above variables, we calculated variance inflation factors (VIF) for the 
eight variables (RDW, PLT, CRP, PCT, IL-6, CAR, risk stratification, and oral mucosal status). Consistent with the 

Table 2 Univariable Cox Regression for Time to Sepsis During 
the CIN Episode (Analytic N = 292; Events = 48)

Variable P HR 95% CI

WBC 0.971 0.997 0.858~1.158

NEU 0.056 0.145 0.02~1.046

RDW 0.001 1.137 1.054~1.227
PLT 0.007 0.989 0.981~0.997

CRP <0.001 1.018 1.009~1.028

PCT <0.001 1.028 1.013~1.043
IL-6 <0.001 1.004 1.002~1.006

ALB 0.137 0.968 0.927~1.010
CAR <0.001 1.880 1.411~2.505

Risk stratification 0.026 1.810 1.074~3.053

Oral mucosal status <0.001 1.541 1.248~1.903

Figure 2 Pearson correlation matrix of variables included in the collinearity assessment. Circle color indicates the direction of correlation (blue, negative; Orange, positive), 
and circle size reflects the magnitude of the correlation coefficient (r).
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Pearson correlation matrix, CRP and CAR exhibited marked collinearity, with VIF exceeding the commonly used 
threshold of 10 (CRP: 11.23; CAR: 11.42; corresponding tolerances 1/VIF: 0.09 and 0.08, respectively) (Table 3). 
Given that CAR is derived from C-reactive protein and albumin (CRP-to-albumin ratio), we excluded CRP to avoid 
redundancy and re-assessed multicollinearity. After removing CRP, all remaining variables showed VIF < 10, indicating 
no problematic multicollinearity (Supplementary Table 3).

Multivariate Cox Regression Analysis
Based on the VIF results indicating marked collinearity between CRP and CAR, CRP was excluded. The remaining 
seven variables (RDW, PLT, PCT, CAR, IL-6, risk stratification, and oral mucosal status) were entered into 
a multivariable Cox proportional hazards model. In the adjusted analysis, RDW (HR = 1.126, 95% CI: 1.028–1.233; 
P = 0.011), PCT (HR = 1.017, 95% CI: 1.002–1.036; P = 0.043), CAR (HR = 1.407, 95% CI: 1.088–1.806; P = 0.050), 
and oral mucosal status (HR = 1.336, 95% CI: 1.061–1.681; P = 0.014) remained independently associated with the risk 
of sepsis. PLT, IL-6, and risk stratification were not significantly associated with sepsis risk (Table 4). In sensitivity 
analyses using PELOD-2–defined sepsis, the direction and significance of the identified associations were not mean
ingfully changed compared with the primary pSOFA-based analysis.

Kaplan-Meier Curve
To further characterize the time-to-sepsis patterns associated with variables retained in the multivariable analysis, we 
generated Kaplan–Meier curves for sepsis-free survival stratified by oral mucosal status and by quartiles of CAR, RDW, 
and PCT. Sepsis-free survival differed significantly across strata for all variables (log-rank P < 0.05). Overall, higher 
levels of CAR, RDW, and PCT, as well as more severe oral mucosal impairment, were associated with lower sepsis-free 
survival, consistent with an increased risk of sepsis (Figure 3).

Table 3 Variance Inflation Factor (VIF) 
Analysis for Univariate Cox Model Covariates

Variable VIF 1/VIF

CRP 11.23 0.09

CAR 11.42 0.08

RDW 1.41 0.7
PLT 1.12 0.88

PCT 1.2 0.83

IL6 1.74 0.57
Risk stratification 1.61 0.62

Oral mucosal status 1.23 0.81

Table 4 Multivariable Cox Regression for Time to Sepsis 
During the CIN Episode (Analytic N = 292; Events = 48)

Variable P HR 95% CI

RDW 0.011 1.126 1.028~1.233

PLT 0.064 0.992 0.983~1.001

PCT 0.043 1.017 1.002~1.036
CAR 0.050 1.407 1.088~1.806

IL-6 0.089 1.001 0.998~1.004

Risk stratification 0.549 0.821 0.431~1.565
Oral mucosal status 0.014 1.336 1.061~1.681
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Discussion
ALL remains the most common hematologic malignancy in children. With continuous refinements in treatment protocols 
and the implementation of risk-adapted therapy, long-term survival has improved markedly in recent decades.26,27 

However, treatment-related complications remain major determinants of prognosis, particularly severe infections during 
CIN.28 Previous reports indicate that 40–70% of children with ALL experience infections during CIN, and sepsis in this 
context is associated with chemotherapy delays and an increased risk of relapse.29,30 Prior studies have suggested that the 
degree of immunosuppression, the duration of neutropenia, and inflammatory markers such as CRP are associated with 
sepsis risk in children with ALL during CIN.31 With ongoing changes in supportive care, antibiotic strategies, and 
antimicrobial resistance, traditional single markers may be less informative for early assessment at CIN onset.32 In this 
context, integrated inflammation–nutrition indices and indicators of barrier injury may provide complementary informa
tion. Accordingly, we examined the associations of oral mucosal status, CAR, PCT, and RDW with sepsis risk during 
CIN.12 Notably, traditional ALL risk stratification was not retained as an independent factor after multivariable 
adjustment in this CIN-defined cohort, which may relate to the restricted early CIN window, the distribution of risk 
categories in our sample, and the limited number of sepsis events.

During CIN, reductions in neutrophil count and function are associated with increased susceptibility to infection 
rather than directly causing sepsis. Prolonged neutropenia further compromises host defense, predisposing patients to 
secondary bloodstream and opportunistic infections.33 In our cohort, impaired oral mucosal status was independently 
associated with a higher hazard of sepsis. Chemotherapy-induced mucosal injury disrupts the epithelial barrier, facilitat
ing microbial translocation and systemic infection. Recent studies have shown that ulcerative mucositis compromises 

Figure 3 Kaplan–Meier curves of sepsis-free survival during CIN episode. (A) Oral mucosal status (Normal, Erythema swelling, Ulceration, Suppuration). (B-D) CAR, RDW 
and PCT were categorized into quartiles using rank-based grouping (approximately equal numbers per group; Q1 = lowest, Q4 = highest) based on the distribution in the 
overall cohort. Shaded areas indicate 95% confidence intervals and tick marks denote censoring. P values were obtained from Log rank tests. Numbers at risk are shown 
below each panel.
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local immune defense, and that reduced oral microbiota diversity is associated with an increased risk of bacteremia.34,35 

These findings suggest that the severity of oral mucosal injury may reflect systemic infection risk beyond local 
manifestations. In the present study, oral mucosal status was classified using predefined criteria. More severe findings 
—such as ulcers or erythema—were associated with a higher hazard of sepsis, suggesting that oral mucosal assessment 
may serve as clinically accessible indicator for early risk assessment during the CIN window. Further prospective studies 
are needed to determine whether targeted oral care could modify sepsis risk in this population.

Inflammation and nutritional status are interdependent factors that jointly influence susceptibility to infection.36 IL-6, 
a key cytokine in the inflammatory cascade, activates the Janus kinase/signal transducer and activator of transcription 3 
(JAK/STAT3) pathway, which regulates acute-phase protein synthesis. Through this mechanism, elevated IL-6 levels 
promote increased production of CRP, a positive acute-phase reactant, and decreased ALB, a negative acute-phase 
reactant. Consequently, the CAR provides an integrated measure reflecting both systemic inflammation and nutritional 
reserve.37,38 Several studies have confirmed the clinical relevance of CAR. In a study of 178 children with sepsis 
admitted to intensive care, Mohamed et al found that higher CAR values at admission were linked to greater mortality, 
with each 1-unit rise in CAR increasing the risk by about 1.075-fold.16 In newborns, other studies17,18 showed that high 
CAR levels were independently associated with Gram-negative bacteremia and more severe infections. In adults, Zhou 
and Oh et al39,40 reported similar findings, showing that higher CAR were associated with worse outcomes in both severe 
infections and cancers, with effect sizes between 1.62 and 1.80 for each 1-unit increase. In our study, every 1-unit 
increase in CAR was also associated with a higher risk of sepsis (adjusted HR ≈ 1.41; see Results). Altogether, these 
findings suggest that CAR, influenced by IL-6–mediated inflammation, could represent a readily obtainable inflamma
tory-nutritional index independently associated with a higher hazard of sepsis during chemotherapy-induced neutropenia.

Given the multifactorial nature of sepsis development, markers reflecting both systemic inflammation and hematologic 
changes—such as PCT and RDW—were also evaluated. This study found that both PCT and RDW were independently 
associate with sepsis. PCT has been widely used as an inflammation-related biomarker in bacterial infections and has been 
reported to rise early even in the setting of CIN. Dagher and Nazer reported that initial PCT levels in children with 
bacteremia (mean 2.35 ng/mL) were markedly higher than in those without bacteremia (0.37 ng/mL), indicating a strong 
association between elevated PCT and infection severity.41,42

In this context, PCT may provide additional information for characterizing sepsis risk during CIN. RDW, which 
reflects variability in red blood cell size, has recently been recognized as a broader marker of inflammation, oxidative 
stress, and microcirculatory dysfunction. In a meta-analysis including more than 40,000 sepsis patients, Wu et al found 
that each 1-unit increase in RDW was associated with a 14% higher mortality.43 Consistent with prior evidence, RDW in 
our cohort was independently associated with sepsis among children with ALL during CIN. Because RDW is routinely 
available from complete blood counts, it offers a practical and low-cost indicator that may support heightened clinical 
vigilance during high-risk periods.

In summary, this single-center retrospective study identified that oral mucosal status, CAR, PCT, and RDW were 
independently associated with sepsis during induction-phase CIN in children with ALL. These findings are hypothesis- 
generating and require prospective validation in larger, multicenter cohorts. Together, these factors may facilitate risk 
awareness and closer surveillance in vulnerable patients; however, their clinical utility requires prospective validation. 
Although these findings are based on associations rather than causality, they provide a basis for future strategies to 
improve sepsis prevention and outcomes in this population.

This study has several limitations. As a single-center retrospective analysis with a relatively small sample size, the 
potential for selection bias cannot be excluded. In addition, although G-CSF administration followed a standardized 
institutional protocol, residual variability in timing or dose may still exist and could influence neutrophil recovery and 
infection risk. Some confounding factors—such as variability in anti-infective therapy, supportive care, and nursing 
compliance—were not fully captured. Additionally, cytokine profiling in this study was limited to IL-6, which precluded 
a more comprehensive assessment of the inflammatory network. Future multicenter, large-scale prospective studies are 
needed to validate these findings, incorporate additional dynamic biomarkers, and more systematically evaluate factors 
associated with sepsis during CIN as well as their generalizability. Such efforts will help strengthen the evidence base for 
risk-adapted infection prevention and supportive-care strategies in children with ALL.
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