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Background: Lung cancer patients are particularly vulnerable to pulmonary 
infections following chemotherapy, which can lead to suboptimal treatment 
outcomes and increased mortality rates. The neutrophil-to-lymphocyte ratio 
(NLR), an established inflammatory marker, has been extensively studied; 
however, its diagnostic value in identifying post-chemotherapy pulmonary 
infection (PCPI) in lung cancer patients remains unclear. This study aims to 
evaluate the independent diagnostic effectiveness of NLR in detecting PCPI 
among lung cancer patients.

Methods: A retrospective analysis was performed on clinical data from 638 
lung cancer patients who underwent chemotherapy at the Central Hospital of 
Shaoyang between January 2020 and December 2023. After excluding cases 
with incomplete data, 502 patients were included in the final analysis. Due to the 
low incidence of PCPI within this cohort (19.52%), the Synthetic Minority Over-
sampling Technique (SMOTE) was utilized to achieve data balance. Both the 
balanced and unbalanced datasets were subsequently analyzed and validated 
using multivariable regression analysis, restricted cubic spline (RCS) analysis, 
subgroup analysis, and sensitivity analysis.

Results: The findings demonstrated that NLR serves as an independent risk 
factor for PCPI in patients with lung cancer, irrespective of dataset balance 
[balanced dataset: odds ratio (OR) = 1.12, 95% confidence interval (CI): 1.08–
1.16; unbalanced dataset: OR = 1.08, 95% CI: 1.03–1.13]. Furthermore, in the 
balanced dataset, after adjusting for all covariates (Model 4), quartile analysis 
of NLR revealed a significant increase in the risk of PCPI with higher NLR 
levels (fourth quartile group OR = 5.64, 95% CI: 3.17–10.01, p  < 0.001). The 
RCS analysis corroborated the nonlinear association between NLR and PCPI. 
Subgroup analysis revealed that within the chemotherapy regimen subgroups, 
the association between NLR and PCPI was significantly higher in patients 
receiving platinum-based chemotherapy (PBC) compared to those receiving 
non-platinum-based chemotherapy (NPBC) (p for interaction = 0.001). 
Sensitivity analyses further affirmed the robustness of the model outcomes.

Conclusion: The analysis in this study indicates that NLR has the potential to 
be  a predictor of PCPI for lung cancer patients. Although these preliminary 
research findings demonstrate diagnostic promise, its clinical applicability still 
needs to be verified through multicenter prospective studies to provide reliable 
evidence for decision-making.
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1 Introduction

Lung cancer, acknowledged as one of the most prevalent and fatal 
malignancies globally, has witnessed a continuous rise in both 
incidence and mortality rates in recent years (1, 2). Despite notable 
advancements in contemporary medicine, which have introduced a 
range of therapeutic strategies such as chemotherapy, targeted therapy, 
and immunotherapy that significantly extend the survival of lung 
cancer patients, secondary pulmonary infections induced by 
chemotherapy remain a critical factor adversely affecting patients’ 
quality of life and prognosis (3, 4). Chemotherapy, although effective 
in inhibiting tumor progression, can significantly compromise the 
immune system, particularly impacting the function and quantity of 
neutrophils and lymphocytes (5–7). These cells are essential 
components of the body’s immune defense mechanisms, and 
alterations in their ratio often indicate disruptions in immune status 
(8). Consequently, lung cancer patients are vulnerable to 
immunosuppression during chemotherapy, which increases the risk 
of post-chemotherapy pulmonary infection (PCPI) (9–11). Therefore, 
early diagnosis and intervention of such infections are imperative for 
enhancing patient prognosis. Effectively assessing the risk of PCPI in 
lung cancer patients has become an important issue that urgently 
needs to be addressed in clinical treatment.

Neutrophil-to-lymphocyte ratio (NLR) has emerged as a 
significant biomarker reflecting systemic inflammatory response and 
immune status, attracting considerable attention from the research 
community in recent years (12–14). NLR is derived from the ratio of 
neutrophils to lymphocytes, which are measured through routine 
blood tests. Its simplicity, cost-effectiveness, and accessibility have 
facilitated its widespread use in clinical research across a range of 
diseases, including malignancies, cardiovascular disorders, and 
diabetes (15–17). Despite the promising prognostic potential of NLR 
in various pathologies, its specific role in post-chemotherapy 
pulmonary infections (PCPI) in lung cancer patients remains 
underexplored. Current studies suggest that changes in neutrophil and 
lymphocyte levels following chemotherapy in lung cancer patients 
may be  closely associated with immune system functionality, 
potentially affecting the onset and progression of pulmonary 
infections (18–20). Therefore, investigating the diagnostic utility of 
NLR in PCPI among lung cancer patients holds substantial 
clinical importance.

This study seeks to assess the independent diagnostic value of 
NLR in PCPI in patients with lung cancer and to explore its potential 
for clinical application. Utilizing a retrospective analysis of clinical 
data from lung cancer patients who underwent chemotherapy at the 
Central Hospital of Shaoyang between January 2020 and December 
2023, the study initially addressed data imbalance—stemming from 
the relatively low incidence of pulmonary infections (19.52%)—
through data cleaning and Synthetic Minority Over-sampling 
Technique (SMOTE) oversampling methods. Subsequently, a 
comprehensive evaluation of factors associated with post-
chemotherapy infections in lung cancer patients was performed using 
multivariable regression analysis, restricted cubic spline (RCS) 

analysis, subgroup analysis, and sensitivity analysis, particularly 
emphasizing whether NLR can function as an independent risk 
predictor. Moreover, the integration of subgroup and sensitivity 
analyses facilitates further validation of the robustness and reliability 
of NLR across diverse clinical contexts. Through these systematic 
analyses, this study aims to clarify the diagnostic role of NLR in PCPI 
for lung cancer patients and provide a scientific basis for its further 
promotion in clinical applications.

2 Materials and methods

2.1 Data source

This investigation employs a retrospective cohort study design, 
utilizing data from lung cancer patients who underwent chemotherapy 
at the Central Hospital of Shaoyang between January 2020 and 
December 2023. Initially, 638 lung cancer patients satisfied the study’s 
eligibility criteria. The inclusion criteria were defined as follows: (1) 
patients with a pathological diagnosis of lung cancer; (2) patients who 
had completed at least one cycle of chemotherapy; (3) patients 
possessing comprehensive clinical data, including blood routine tests, 
imaging studies, and clinical follow-up records; and (4) patients 
capable of providing blood routine test results both prior to and 
following treatment. The exclusion criteria encompassed (1) patients 
experiencing severe immunosuppression prior to chemotherapy; (2) 
patients with incomplete basic information or clinical data necessary 
for the study; (3) patients with lung infections present prior to 
chemotherapy; and (4) patients with tumors located in other regions 
of the body. Following the exclusion of cases with missing data and 
those not meeting the inclusion and exclusion criteria, Since the 
diagnosis of PCPI is primarily based on computed tomography (CT) 
imaging, patients who did not undergo post-treatment CT scanning 
were excluded to ensure accurate classification, 502 patients were 
included in the final analysis. Among these, 98 patients developed 
lung infections after chemotherapy, representing 19.52% of the cohort. 
In statistical analysis, considering the low incidence of lung infection 
events, the SMOTE oversampling technique was used to balance the 
unbalanced data and reduce the impact of category imbalance on the 
analysis results (21). Figure 1 shows the detailed data processing and 
technology roadmap.

2.2 Study variables

The primary outcome of this study was the incidence of 
PCPI. Participants were categorized into two groups based on the 
diagnosis of lung infection post-chemotherapy: the PCPI group and 
the non-post chemotherapy pulmonary infection (NPCPI) group. 
We  diagnose PCPI based on clinical symptoms and imaging 
examination results. The clinical symptoms include fever (≥38°C), 
cough, increased sputum secretion, dyspnea, or pleural inflammatory 
chest pain. All patients underwent chest CT, and diagnosis was 
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confirmed by the presence of new or progressive lung infiltrates, 
comorbidities, or ground-glass opacity. Two independent radiologists 
reviewed the CT scans to ensure consistency. The primary independent 
variable investigated was NLR, derived from routine blood tests and 
calculated as the ratio of the neutrophil count to the lymphocyte 
count. Additional covariates included fundamental clinical 
characteristics of the patients, such as gender, age, smoking history, 
cancer stage, chemotherapy regimen, C-reactive protein (CRP) level, 
and medical history. We categorized chemotherapy regimens into 
PBC and NPBC according to the type of chemotherapeutic agent. 
These variables may influence the risk of infection in patients and, 
therefore, were controlled for in the multivariate analysis. 
Supplementary Table  1 shows specific variable information, and 
Supplementary Figure 1 displays the missing rate of each variable. 
We found that the missing rates of PCT and CRP reached 84.1 and 
74.1%, respectively. Thus, we  excluded these two variables from 
subsequent analyses.

2.3 Statistical methods

All statistical analyses were conducted using R software (version 
4.2.2) in our study. For comparisons between groups involving 
normally distributed continuous variables, Welch’s t-test or analysis of 
variance (ANOVA) was employed. In contrast, the Wilcoxon 

rank-sum or Kruskal–Wallis test was utilized for non-normally 
distributed variables. For categorical data, Fisher’s exact test was 
applied when the expected frequency was less than 5; otherwise, the 
chi-square test was used. Univariate logistic regression analysis was 
performed to assess the association between NLR and other clinical 
characteristics (e.g., age, gender, and cancer stage) with the occurrence 
of PCPI. Factors potentially associated with PCPI were initially 
screened by calculating odds ratios (ORs) and their 95% confidence 
intervals (CIs). Based on the univariate analysis, a backward stepwise 
regression approach, specifically utilizing the stepAIC function from 
the MASS package in R, was employed to select the optimal 
combination of variables for inclusion in the multivariate analysis 
model. Multivariate logistic regression was performed to assess the 
association between NLR and PCPI, adjusting for gender, alcohol 
consumption, smoking, hypertension, CHD, radiotherapy, pleural 
effusion, and other relevant covariates. The potential nonlinear 
association between NLR changes and clinical outcomes was 
examined utilizing a logistic regression model incorporating 
RCS. Various knot configurations, ranging from 3 to 7, were evaluated, 
and the model exhibiting the lowest Akaike information criterion 
(AIC) value was selected as the optimal RCS. A subgroup analysis was 
conducted to evaluate the consistency and stability of NLR across 
diverse clinical subgroups. Patients were categorized into multiple 
subgroups based on variables such as gender, age, cancer stage, and 
history of chronic diseases, and the association between NLR and 

FIGURE 1

Research flowchart.
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PCPI was analyzed within each subgroup. To further ensure the 
robustness and reliability of the findings, a sensitivity analysis was 
performed by excluding patients with missing data to determine any 
significant alterations in the primary outcomes. All statistical tests 
were two-tailed, with a p-value of less than 0.05 considered indicative 
of statistical significance.

3 Results

3.1 Baseline characteristics of patients

In this study’s initial analysis of baseline data, we assessed various 
baseline characteristics across balanced and unbalanced datasets and 
performed statistical evaluations. Table 1 illustrates the distribution of 
characteristics within the balanced dataset (N = 808). No statistically 
significant differences were identified between the NPCPI and PCPI 
groups concerning age, BMI, history of diabetes, surgical history, tumor 
stage, and tumor type (p > 0.05). Conversely, significant differences were 
noted between the groups in variables such as chemotherapy cycles, 
number of hospitalizations, gender, alcohol consumption, smoking, 
heart disease, and hypertension (p < 0.01). For example, the median 
(IQR) number of chemotherapy cycles in the PCPI group was 6.00 (4.00, 
10.00), significantly exceeding that of the NPCPI group, which was 3.00 
(1.00, 5.00). In terms of hospitalizations, the PCPI group exhibited a 
median (IQR) of 9.00 (6.00, 15.00), markedly higher than the 4.00 (2.00, 
7.00) observed in the NPCPI group. Regarding gender distribution, the 
PCPI group had a higher proportion of males (91.34%), while the NPCPI 
group had a higher proportion of females (22.03%). In addition, the 
prevalence of alcohol consumption (16.83%) and smoking (49.75%) was 
significantly greater in the PCPI group compared to the NPCPI group 
(6.44 and 20.05%, respectively). The incidence of other conditions, such 
as hypertension and heart disease, was also markedly higher in the PCPI 
group relative to the NPCPI group. Supplementary Table 2 presents the 
baseline characteristics of the unbalanced dataset (N = 502), revealing 
that the analysis results were generally consistent with those of the 
balanced dataset. Notable differences were identified in the distributions 
of alcohol consumption, smoking, heart disease, and radiotherapy. In the 
unbalanced dataset, the PCPI group exhibited higher proportions of 
smoking (48.98%) and alcohol consumption (19.39%), as well as an 
increased proportion of radiotherapy (26.53%), compared to the 
balanced dataset. Additionally, the number of hospitalizations was more 
significant in the PCPI group than in the NPCPI group, with median 
values of 10.00 (interquartile range: 5.25, 15.00) versus 4.00 (interquartile 
range: 2.00, 7.00), respectively. In Supplementary Tables 3, 4, we analysed 
stratified baseline characteristics according to NLR quartiles. Within the 
balanced dataset, significant variations were observed in BMI, 
chemotherapy cycles, number of hospitalizations, and sex as NLR 
quartiles increased, with p-values of <0.001, 0.007, 0.044, and 0.029, 
respectively. Notably, there were pronounced differences in BMI and the 
number of hospitalizations between the high NLR group (Q4) and the 
low NLR group (Q1). Specifically, BMI values were significantly lower in 
the higher NLR group (Q4) compared to the lower NLR group (Q1). 
Furthermore, the proportion of males was significantly more significant 
in the higher NLR group (90.59%) than in the lower NLR group 
(83.92%). Similar patterns were identified in the unbalanced dataset, 
where significant differences in BMI, number of hospitalizations, and 
radiotherapy were observed across different NLR groups (p-values 

<0.001). In particular, BMI was significantly lower in the lower NLR 
group (Q3) compared to the other groups.

3.2 Independent clinical factors influencing 
post-chemotherapy lung infection

In this study, NLR was identified as a significant predictor of post-
chemotherapy lung infection risk in both balanced and unbalanced 
datasets. Utilizing univariate and multivariate logistic regression 
analyses, we identified both consistencies and discrepancies in NLR’s 
predictive value across the two datasets. In the balanced dataset 
(Figure  2), the univariate analysis revealed a significant positive 
correlation between NLR and lung infection risk (OR = 1.07, 95% CI: 
1.04–1.11, p < 0.001), indicating that each unit increase in NLR 
corresponds to a 7% increase in the risk of post-chemotherapy lung 
infection. This finding was corroborated by multivariate analysis, which 
established NLR as an independent risk factor for lung infection 
(OR = 1.12, 95% CI: 1.08–1.16, p < 0.001), even after adjusting for 
confounding variables such as chemotherapy cycles and hospitalizations. 
These results highlight NLR’s efficacy as an inflammatory marker that 
reflects the body’s immune response status, thereby influencing the 
likelihood of lung infections. As depicted in Supplementary Figure 2, 
NLR exhibited a statistically significant positive correlation within the 
unbalanced dataset (OR = 1.08, 95% CI: 1.03–1.13). While this finding 
is consistent with the results obtained from the balanced dataset, the 
effect size is somewhat diminished. This variation may be ascribed to 
the differing distribution characteristics of the datasets, particularly in 
contexts where sample size and event frequency are uneven, thereby 
influencing the effect of NLR. Nonetheless, NLR remained statistically 
significant in multivariable analysis, suggesting potential predictive 
value for lung infection risk in this single-center cohort, though its 
generalizability requires validation in balanced, prospective studies.

3.3 Investigation of the relationship 
between NLR and post-chemotherapy lung 
infection under different models

We investigated the relationship between NLR and the incidence 
of post-chemotherapy lung infection, assessing the influence of NLR 
across various analytical models. As illustrated in Table 2, a significant 
association between NLR and post-chemotherapy lung infection was 
identified in both balanced and unbalanced datasets, corroborated by 
different regression analyses. In the balanced dataset, NLR, treated as 
a continuous variable, exhibited a significant positive association with 
the likelihood of post-chemotherapy lung infection (OR = 1.07, 95% 
CI: 1.04–1.11, p < 0.001). This association was consistently observed 
across multiple models. In Models 2, 3, and 4, the effect of NLR 
remained significant, with progressively increasing OR values of 1.08 
(95% CI: 1.05–1.11, p < 0.001), 1.08 (95% CI: 1.05–1.11, p < 0.001), 
and 1.11 (95% CI: 1.07–1.16, p < 0.001), respectively. The findings 
indicate a strong correlation between an increased NLR and a 
heightened risk of lung infection. Furthermore, when NLR was 
standardized, the model analysis results substantiated this association. 
The OR values for standardized NLR across Models 1 to 4 were 1.67 
(95% CI: 1.36–2.05, p < 0.001), 1.71 (95% CI: 1.37–2.12, p < 0.001), 
1.72 (95% CI: 1.37–2.16, p < 0.001), and 2.17 (95% CI: 1.65–2.85, 
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TABLE 1 Baseline information sheet for balanced dataset.

Variables Outcome p-value

Overall, N = 8081 NPCPI, N = 4041 PCPI, N = 4041

Age 65.00 (58.00, 70.00) 65.00 (58.00, 71.00) 65.00 (59.00, 69.00) 0.9872

BMI 21.64 (19.87, 23.60) 21.80 (19.53, 24.13) 21.55 (20.09, 23.32) 0.4972

Chemotherapy cycle 4.00 (2.00, 8.00) 3.00 (1.00, 5.00) 6.00 (4.00, 10.00) <0.0012

Number of hospitalizations 6.00 (3.00, 11.00) 4.00 (2.00, 7.00) 9.00 (6.00, 15.00) <0.0012

Sex <0.0013

  Female 124 (15.35%) 89 (22.03%) 35 (8.66%)

  Male 684 (84.65%) 315 (77.97%) 369 (91.34%)

Drink <0.0013

  No 714 (88.37%) 378 (93.56%) 336 (83.17%)

  Yes 94 (11.63%) 26 (6.44%) 68 (16.83%)

Smoke <0.0013

  No 526 (65.10%) 323 (79.95%) 203 (50.25%)

  Yes 282 (34.90%) 81 (20.05%) 201 (49.75%)

Diabetes 0.3113

  No 740 (91.58%) 366 (90.59%) 374 (92.57%)

  Yes 68 (8.42%) 38 (9.41%) 30 (7.43%)

Hypertension 0.0113

  No 613 (75.87%) 322 (79.70%) 291 (72.03%)

  Yes 195 (24.13%) 82 (20.30%) 113 (27.97%)

CHD <0.0013

  No 762 (94.31%) 370 (91.58%) 392 (97.03%)

  Yes 46 (5.69%) 34 (8.42%) 12 (2.97%)

Surgery 0.1963

  No 710 (87.87%) 349 (86.39%) 361 (89.36%)

  Yes 98 (12.13%) 55 (13.61%) 43 (10.64%)

Radiotherapy <0.0013

  No 631 (78.09%) 341 (84.41%) 290 (71.78%)

  Yes 177 (21.91%) 63 (15.59%) 114 (28.22%)

Stage 0.1313

  I stage 25 (3.09%) 18 (4.46%) 7 (1.73%)

  II stage 82 (10.15%) 43 (10.64%) 39 (9.65%)

  III stage 334 (41.34%) 160 (39.60%) 174 (43.07%)

  IV stage 367 (45.42%) 183 (45.30%) 184 (45.54%)

Typing 0.1013

  Adenocarcinoma 370 (45.79%) 189 (46.78%) 181 (44.80%)

  Squamous 282 (34.90%) 134 (33.17%) 148 (36.63%)

  SCLC 144 (17.82%) 71 (17.57%) 73 (18.07%)

  Others 12 (1.49%) 10 (2.48%) 2 (0.50%)

Pleural effusion <0.0013

  No 609 (75.37%) 353 (87.38%) 256 (63.37%)

  Yes 199 (24.63%) 51 (12.62%) 148 (36.63%)

Chemotherapy regimen 0.9393

  PBC 563 (69.68%) 281 (69.55%) 282 (69.80%)

  NPBC 245 (30.32%) 123 (30.45%) 122 (30.20%)

  NLR 4.35 (2.88, 7.04) 3.73 (2.52, 6.00) 4.81 (3.43, 8.14) <0.0012

1Median (IQR); n (%).
2Wilcoxon rank sum test.
3Pearson’s chi-squared test.
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p < 0.001), respectively, suggesting a more substantial effect of 
standardized NLR on the incidence of post-chemotherapy lung 
infection. The quartile analysis indicated a significant upward trend in 
the risk of pulmonary infection with increasing NLR levels. In the 
balanced dataset, after adjusting for all covariates (Model 4), the risk 
of pulmonary infection significantly increased as NLR rose from the 
first quartile (Q2) to the fourth quartile (Q4) (Q2: OR = 2.13, 95% CI: 
1.24–3.66, p = 0.006; Q3: OR = 2.70, 95% CI: 1.54–4.74, p < 0.001; Q4: 
OR = 5.64, 95% CI: 3.17–10.01, p < 0.001). This trend demonstrated 
strong consistency across all models (p for trend <0.001).

In the unbalanced dataset, NLR demonstrated a significant 
positive correlation with post-chemotherapy lung infection, albeit with 
a comparatively weaker effect. The OR values for NLR as a continuous 
variable were consistently 1.07 (95% CI: 1.03–1.11, p < 0.001), 1.07 

(95% CI: 1.03–1.11, p < 0.001), 1.07 (95% CI: 1.02–1.11, p = 0.001), 
and 1.07 (95% CI: 1.02–1.13, p = 0.004) across all models, indicating a 
positive association. Although the effect was slightly attenuated 
compared to the balanced dataset, it remained statistically significant. 
Upon standardization, the influence of NLR across different models 
was reflected in OR values of 1.51 (95% CI: 1.21–1.88, p < 0.001), 1.49 
(95% CI: 1.18–1.88, p < 0.001), 1.49 (95% CI: 1.16–1.90, p = 0.001), 
and 1.55 (95% CI: 1.15–2.11, p = 0.004), which were consistent with 
the findings from the balanced dataset and remained statistically 
significant. Quartile analysis revealed a more dispersed effect of NLR 
quartiles in the unbalanced dataset, particularly with lower OR values 
for the second and third quartiles (Q2 and Q3) that did not achieve 
statistical significance. However, the OR value for Q4 was 2.25 (95% 
CI: 1.21–4.20, p = 0.011), showing a significant increasing trend across 

FIGURE 2

Univariate and multivariate logistic regression analysis forest plots.
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different models, further validating the role of NLR in the unbalanced 
dataset, albeit with a slightly diminished effect (p for trend 0.002 to 
0.011). The results suggest that NLR is closely associated with post-
chemotherapy lung infection in both balanced and unbalanced datasets.

3.4 The nonlinear relationship between 
NLR and PCPI

To further explore the relationship between NLR and PCPI, 
we utilized the RCS analysis to assess its potential nonlinear association. 
Initially, we experimented with varying numbers of knots (3, 4, 5, 6, 
and 7) to fit the RCS model and computed each configuration’s AIC 
value. The findings revealed that the model incorporating four knots 
produced the lowest AIC value (AIC = 747.91). Consequently, 
we selected the 4-knot model for subsequent analysis. In this model, 

the knots were strategically positioned at the 5th, 35th, 65th, and 95th 
percentiles of the independent variable values across all patients. These 
knots delineated distinct ranges of NLR values, thereby facilitating the 
evaluation of NLR’s impact on the risk of PCPI across various intervals.

After controlling for multiple confounding variables, including 
gender, age, alcohol consumption, smoking, diabetes, hypertension, 
heart disease, surgery, radiotherapy, body mass index, chemotherapy 
cycles, hospitalizations, and pleural effusion, the RCS analysis 
demonstrated a distinct “L”-shaped association between NLR and the 
incidence of PCPI (Figure 3). Specifically, a negative correlation with 
the risk of PCPI was observed at lower NLR values. Conversely, when 
the NLR value surpassed a certain threshold, the association with PCPI 
risk became positively pronounced. Further analysis pinpointed the 
inflection point of this nonlinear relationship at an NLR of 3.94. This 
indicates that NLR exerts minimal influence on the risk of PCPI below 
this value, whereas, above this threshold, an increase in NLR 
significantly heightens the risk. These findings suggest that while NLR 

TABLE 2 Association between NLR and PCPI in different modes.

Variables Model 1 Model 2 Model 3 Model 4

OR (95% 
CI)1

p OR (95% 
CI)1

p OR (95% 
CI)1

p OR (95% 
CI)1

p

Unbalanced data

NLR (continuous) 1.07 (1.03–

1.11)

<0.001 1.07 (1.03–

1.11)

<0.001 1.07 (1.02–

1.11)

0.001 1.07 (1.02–

1.13)

0.004

NLR (standardized) 1.51 (1.21–

1.88)

<0.001 1.49 (1.18–

1.88)

<0.001 1.49 (1.16–

1.90)

0.001 1.55 (1.15–

2.11)

0.004

NLR

  Q1 — — — —

  Q2 0.83 (0.41–

1.71)

0.620 0.97 (0.46–

2.06)

0.946 0.92 (0.43–

1.95)

0.822 0.82 (0.34–

1.95)

0.652

  Q3 1.54 (0.80–

2.93)

0.194 1.52 (0.76–

3.05)

0.233 1.50 (0.75–

3.01)

0.254 1.32 (0.57–

3.03)

0.517

  Q4 2.25 (1.21–

4.20)

0.011 2.42 (1.25–

4.68)

0.009 2.28 (1.17–

4.46)

0.016 2.58 (1.13–

5.89)

0.025

  p for trend 0.002 0.003 0.005 0.011

Balanced data

NLR (continuous) 1.07 (1.04–

1.11)

<0.001 1.08 (1.05–

1.11)

<0.001 1.08 (1.05–

1.11)

<0.001 1.11 (1.07–

1.16)

<0.001

NLR (standardized) 1.67 (1.36–

2.05)

<0.001 1.71 (1.37–

2.12)

<0.001 1.72 (1.37–

2.16)

<0.001 2.17 (1.65–

2.85)

<0.001

NLR

  Q1 — — — —

  Q2 2.38 (1.58–

3.57)

<0.001 2.66 (1.72–

4.12)

<0.001 2.59 (1.67–

4.02)

<0.001 2.13 (1.24–

3.66)

0.006

  Q3 2.76 (1.83–

4.16)

<0.001 2.66 (1.71–

4.14)

<0.001 2.60 (1.67–

4.05)

<0.001 2.70 (1.54–

4.74)

<0.001

  Q4 3.83 (2.53–

5.80)

<0.001 4.07 (2.61–

6.34)

<0.001 3.79 (2.41–

5.95)

<0.001 5.64 (3.17–

10.01)

<0.001

  p for trend <0.001 <0.001 <0.001 <0.001

1OR, odds ratio; CI, confidence interval. Model 1: No covariates were adjusted. Model 2: Adjusted for sex, age, drink, smoke, and BMI. Model 3: Adjusted for sex, age, drink, smoke, diabetes, 
hypertension, CHD, and BMI. Model 4: Adjusted for sex, age, drink, smoke, diabetes, hypertension, CHD, surgery, radiotherapy, BMI, stage, typing, chemotherapy cycle, number of 
hospitalizations, pleural effusion, and chemotherapy regimen.
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may have a limited predictive capacity for PCPI at lower levels, its 
predictive capability is markedly enhanced when the value exceeds 3.94.

3.5 Subgroup analysis results

In the subgroup analysis, we investigated the association between 
NLR and PCPI across various subgroups within balanced and 
unbalanced datasets. We assessed the potential impact of factors such 
as gender, alcohol consumption, smoking, diabetes, hypertension, 
coronary heart disease, surgery, radiotherapy, tumor stage, tumor 
type, and pleural effusion using a univariate logistic regression model, 
with a particular focus on the significance of interaction effects (p for 
interaction). As illustrated in Figure 4, no significant differences were 
identified in the relationship between NLR and post-chemotherapy 
lung infection across different subgroups in unbalanced dataset, as all 
p for interaction values exceeded 0.05. Notably, while the relationship 
between NLR and post-chemotherapy lung infection showed 
statistical significance in subgroups defined by gender, smoking status, 
diabetes, and hypertension (p-values <0.05), the interaction effects of 
these factors did not achieve statistical significance (p for interaction 
>0.05). However, in the balanced dataset, within the chemotherapy 
regimen subgroups, a significant correlation was observed between 
NLR and outcomes for patients receiving the PBC regimen (OR = 1.12, 
95% CI: 1.07–1.17, p < 0.001), while no significant association was 
noted for patients on the NPBC regimen (p = 0.512). Additionally, 
there was a significant interaction between the chemotherapy regimen 
subgroups (p for interaction = 0.001). No significant interactions were 
observed in other subgroups apart from the chemotherapy regimen 
(p for interaction >0.05).

3.6 Sensitivity analysis

In the sensitivity analysis, we  assessed the robustness of the 
association between NLR and PCPI across various model 
configurations. Patient data with missing values were excluded from 
the analysis. Eighty-seven patients (17.33%) were omitted in the 
unbalanced dataset, whereas 122 patients (15.10%) were excluded in 
the balanced dataset. The analysis was performed separately on the 
balanced and unbalanced datasets, employing four distinct models 
(Model 1 to Model 4) to corroborate further the relationship between 
NLR and the risk of PCPI. The findings, as detailed in Table 3, indicate 
that within the unbalanced dataset, the analysis of continuous NLR 
variables revealed a significant positive correlation between NLR and 
PCPI, with OR ranging from 1.07 to 1.08 and all p-values less than 
0.05. Similarly, the analysis of standardized NLR demonstrated a 
significant association with pulmonary infection risk, with ORs 
ranging from 1.51 to 1.61 and all p-values below 0.05. Quantile 
analysis further identified that the Q4 group, representing higher NLR 
values, showed a significantly elevated risk across multiple models, 
with ORs ranging from 1.90 to 2.34 and p-values spanning 0.019 to 
0.097. The trend test corroborated the increasing NLR levels associated 
with a heightened risk of PCPI, with p-values for trends ranging from 
0.010 to 0.059. In the balanced dataset, the analysis of continuous NLR 
variables also demonstrated a robust positive correlation, with ORs 
between 1.08 and 1.11 and all p-values less than 0.001. The results 
from the standardized NLR analysis further substantiated this 
correlation, with ORs ranging from 1.70 to 2.10 and all p-values below 
0.001. In the quantile analysis, NLR values in the Q4 group were 
significantly associated with the risk of PCPI (OR range: 3.93–5.66, all 
p-values <0.001). The trend test similarly indicated that higher NLR 
levels corresponded to a greater risk of PCPI (p for trend <0.001). The 

FIGURE 3

Nonlinear relationship between neutrophil to lymphocyte ratio (NLR) and post-chemotherapy pulmonary infection (PCPI).
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sensitivity analysis results suggest that the association between NLR 
and PCPI remains stable across different models and quantile analyses, 
further supporting the reliability of NLR as a predictor, both in 
balanced and unbalanced datasets.

4 Discussion

The objective of the present study was to assess the independent 
diagnostic significance of NLR in forecasting PCPI among patients 
with lung cancer. An analysis of clinical data from 502 lung cancer 
patients demonstrated that NLR functions as an independent risk 
factor for pulmonary infection after chemotherapy, applicable to both 
balanced and unbalanced datasets. Further examination indicated a 
significant increase in the risk of PCPI with elevated NLR values, 
revealing a distinct nonlinear relationship between NLR and 
PCPI. Subgroup and sensitivity analyses corroborated the robustness 
of these findings.

The findings of this study substantiate the critical role of NLR in 
the incidence of PCPI among patients with lung cancer. Our analysis 

identified NLR as an independent risk factor for such infections, 
irrespective of dataset balance. Specifically, within the balanced 
dataset, the OR for NLR was 1.12 (95% CI: 1.08–1.16), indicating 
that each unit increase in NLR significantly elevates the risk of 
pulmonary infection after chemotherapy. Furthermore, quartile 
analysis of NLR revealed that patients in the highest quartile (Q4) 
exhibited a markedly increased risk of after chemotherapy, with an 
OR of 5.64 (95% CI: 3.17–10.01, p < 0.001). These results are 
consistent with existing literature, highlighting the prognostic value 
of NLR as an indicator of the body’s inflammatory response in 
various tumors and infectious diseases (22–24). In lung cancer, 
chemotherapy-induced immunosuppression mainly affects the 
quantity and function of neutrophils and lymphocytes (25, 26). An 
elevated NLR indicates immune dysfunction and heightened 
systemic inflammation, which may contribute to the pathogenesis of 
pulmonary infections. Previous studies have shown that 
chemotherapy-induced immunosuppression increases lung cancer 
patients’ susceptibility to bacterial and fungal infections, and NLR, 
as a marker of inflammation, effectively reflects this immune 
dysfunction (27, 28). Therefore, NLR serves as an early screening 
indicator and provides clinicians with crucial information about 

FIGURE 4

Forest map for subgroup analysis.
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patients’ immune status, aiding in predicting and preventing 
pulmonary infections.

Utilizing the RCS analysis, we  examined the potential 
non-linear relationship between NLR and PCPI. The findings reveal 
that the association is not merely linear but exhibits a marked 
“L”-shaped pattern, indicating that the risk of PCPI remains 
relatively stable at lower NLR levels but increases sharply beyond a 
specific threshold. In this study, the inflection point was identified 
at NLR = 3.94, suggesting a critical threshold beyond which 
infection susceptibility markedly escalates. These results are 
consistent with previous studies, which propose that the influence 
of NLR is modulated by various factors, including the patient’s 
immune status, cancer stage, and chemotherapy regimen (12, 29). 
This may be because NLR reflects both systemic inflammation and 
immune status, and its impact may vary depending on its level. At 
lower NLR levels, it indicates that the immune system remains 
relatively intact, and slight changes in NLR have minimal impact on 
infection risk. When NLR is moderately elevated, the inflammatory 
response may still be compensatory, and the immune system may 
be able to effectively control infection risk. However, at higher NLR 
levels, the combination of excessive neutrophil-driven inflammation 
and suppressed lymphocyte-mediated adaptive immunity may lead 
to a state of immune dysfunction, increasing susceptibility to 
PCPI. This may explain why the risk of PCPI rises sharply when 
NLR exceeds a certain threshold (for example, NLR >3.94 in this 
study). From a clinical perspective, this threshold suggests that 

patients with an NLR below 3.94 may maintain a relatively stable 
immune response, whereas patients exceeding this level exhibit 
signs of immune dysregulation characterized by neutrophil-driven 
excessive inflammation and impaired lymphocyte-mediated 
adaptive immunity. When NLR is less than 3.94, the immune 
system remains functionally intact, and slight variations in NLR 
may not significantly affect infection risk. However, when NLR is 
greater than or equal to 3.94, the rapid escalation of PCPI risk can 
be  attributed to a shift in systemic immune dysfunction. Here, 
excessive neutrophil activation leads to a pronounced inflammatory 
response, compromising lung epithelial integrity and increasing 
susceptibility to opportunistic infections. Simultaneously, 
lymphocytopenia impairs adaptive immunity, reducing the ability 
to effectively clear infections. The NLR threshold of 3.94 can serve 
as an early risk stratification marker to identify lung cancer patients 
at increased risk of PCPI after chemotherapy. Patients surpassing 
this threshold may benefit from closer infection monitoring, early 
preventive antibacterial strategies, and tailored supportive nursing 
interventions to mitigate infection-related complications. If future 
prospective studies validate these findings, this threshold could 
be  incorporated into clinical decision algorithms, optimizing 
personalized infection prevention strategies. Furthermore, 
chemotherapy itself may have a dual effect on the immune system—
initially causing temporary changes in NLR, but leading to long-
term immunosuppression at higher NLR levels, further amplifying 
the risk of infection.

TABLE 3 Sensitivity analysis of the association between NLR and PCPI.

Variables Model 1 Model 2 Model 3 Model 4

OR (95% 
CI)1

p OR (95% CI)1 p OR (95% 
CI)1

p OR (95% CI)1 p

Unbalanced data

NLR (continuous) 1.08 (1.03–1.12) <0.001 1.07 (1.03–1.11) 0.002 1.07 (1.02–1.11) 0.004 1.07 (1.02–1.13) 0.009

NLR (standardized) 1.61 (1.24–2.08) <0.001 1.54 (1.18–2.01) 0.002 1.51 (1.14–1.99) 0.004 1.59 (1.12–2.25) 0.009

NLR

  Q1 — — — —

  Q2 0.92 (0.41–2.06) 0.836 0.90 (0.39–2.08) 0.805 0.85 (0.36–1.99) 0.708 0.73 (0.28–1.94) 0.535

  Q3 1.23 (0.57–2.64) 0.599 1.06 (0.47–2.39) 0.884 1.07 (0.47–2.41) 0.876 1.10 (0.42–2.87) 0.850

  Q4 2.34 (1.15–4.77) 0.019 2.07 (0.98–4.36) 0.056 1.90 (0.89–4.06) 0.097 2.28 (0.90–5.74) 0.081

  p for trend 0.010 0.036 0.059 0.040

Balanced data

NLR (continuous) 1.09 (1.06–1.13) <0.001 1.08 (1.04–1.12) <0.001 1.08 (1.04–1.12) <0.001 1.11 (1.07–1.16) <0.001

NLR (standardized) 1.87 (1.47–2.37) <0.001 1.70 (1.34–2.16) <0.001 1.72 (1.35–2.20) <0.001 2.10 (1.57–2.79) <0.001

NLR

  Q1 — — — —

  Q2 2.23 (1.43–3.46) <0.001 2.46 (1.54–3.95) <0.001 2.44 (1.52–3.91) <0.001 2.41 (1.34–4.31) 0.003

  Q3 2.28 (1.46–3.55) <0.001 1.91 (1.19–3.07) 0.008 1.91 (1.18–3.07) 0.008 2.21 (1.21–4.02) 0.010

  Q4 4.78 (3.03–7.53) <0.001 3.98 (2.46–6.42) <0.001 3.93 (2.42–6.40) <0.001 5.66 (3.07–10.44) <0.001

  p for trend <0.001 <0.001 <0.001 <0.001

1OR, odds ratio; CI, confidence interval. Model 1: No covariates were adjusted. Model 2: Adjusted for sex, age, drink, smoke, and BMI. Model 3: Adjusted for sex, age, drink, smoke, diabetes, 
hypertension, CHD, and BMI. Model 4: Adjusted for sex, age, drink, smoke, diabetes, hypertension, CHD, surgery, radiotherapy, BMI, stage, typing, chemotherapy cycle, number of 
hospitalizations, pleural effusion, and chemotherapy regimen.
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NLR has shown considerable potential in diagnosing and 
prognostic assessing various diseases, as documented in the existing 
literature. Among patients undergoing surgical interventions, NLR is 
correlated with surgical outcomes and postoperative complications. 
For instance, individuals with an NLR ≥2.7 demonstrate a significantly 
elevated risk of reduced recurrence-free survival (30). In oncological 
research, NLR, serving as an indicator of systemic inflammatory 
response, has been extensively investigated and found to be closely 
associated with the prognosis of patients across various cancer types. 
For example, in a study involving individuals with metastatic renal cell 
carcinoma, pre-treatment NLR was significantly associated with both 
progression-free survival (PFS) and overall survival (OS). The results 
indicated that patients with lower NLR exhibited a more favorable 
survival prognosis following sunitinib treatment (31). Additionally, in 
breast cancer patients, an increase in NLR post-radiotherapy is 
regarded as an adverse prognostic factor. Research has demonstrated 
a significant association between elevated NLR induced by 
radiotherapy and increased tumor recurrence rates, indicating that 
alterations in NLR may serve as a critical indicator for assessing the 
efficacy of radiotherapy (32). In investigations concerning colorectal 
cancer, the systemic inflammatory response is acknowledged as a 
marker of poor preoperative prognosis. Evidence suggests that 
systemic inflammation markers, including elevated levels of 
proinflammatory cytokines and acute-phase proteins, may contribute 
to cancer-related cachexia and unfavorable survival outcomes (33). 
Furthermore, studies have identified NLR as a potential prognostic 
biomarker that is strongly correlated with poor prognosis in patients 
with renal cell carcinoma. By integrating NLR with other established 
prognostic indicators, such as TNM staging and Fuhrman nuclear 
grading, a more precise prediction of patient prognosis can 
be achieved (34).

In lung cancer, NLR has been extensively employed as a prognostic 
marker, demonstrating its potential utility in chemotherapy and 
immunotherapy for lung cancer patients. Empirical evidence suggests 
that NLR holds substantial prognostic significance for individuals 
with non-small cell lung cancer (NSCLC) undergoing immunotherapy. 
Specifically, an elevated NLR is correlated with diminished 
progression-free survival (PFS) and overall survival (OS), particularly 
among patients receiving immune checkpoint inhibitors (ICIs) (35). 
Moreover, NLR has been utilized to prognosticate outcomes in 
advanced NSCLC patients undergoing chemotherapy, with 
pretreatment levels serving as predictors of survival outcomes (36). 
Additional research has investigated the synergistic use of NLR 
alongside other inflammatory markers. For example, the F-NLR score, 
which combines fibrinogen and NLR, has demonstrated prognostic 
predictive value in patients with resectable NSCLC. Those classified 
within the high-risk F-NLR group may derive more significant 
benefits from postoperative adjuvant therapy (37). NLR serves as an 
indicator reflecting systemic inflammation and immune status. An 
elevated NLR signifies both the intensification of neutrophil-driven 
inflammation and the suppression of lymphocyte-mediated immune 
responses (38). Chemotherapy-induced immunosuppression may 
further compromise host defense capabilities, thereby increasing 
susceptibility to infections after chemotherapy. Neutrophils release 
proinflammatory cytokines (such as IL-6 and TNF-α), which can 
potentially damage lung epithelial integrity and exacerbate the risk of 
infection (39, 40). Concurrently, lymphopenia indicates impaired 
adaptive immunity, diminishing the body’s ability to effectively clear 

infections. Studies have suggested that chemotherapy-induced 
immune dysfunction may elevate infection risk. For instance, a study 
on neutropenia highlighted that cancer patients experiencing 
chemotherapy-induced neutropenia face an increased risk of 
infectious complications (41). In this study, researchers emphasized 
that during neutropenia, the first instance of fever is often bacterial in 
origin, while subsequent fevers are primarily fungal. Therefore, the 
proper management of pulmonary infection complications following 
chemotherapy in lung cancer patients requires a profound 
understanding of the local epidemiology of infections, pathogenic 
microorganisms, and their drug resistance profiles. The findings of 
this study indicate that NLR possesses prognostic significance not 
only as a standalone marker but also in conjunction with other 
indicators to enhance predictive accuracy for the prognosis of lung 
cancer patients. This research further broadens the application of NLR 
by examining its role in secondary pulmonary infections following 
chemotherapy in lung cancer patients, thereby addressing a previously 
unexplored area of research. Unlike previous studies, this investigation 
utilizes various statistical analysis techniques, including RCS analysis 
and subgroup analysis, to affirm NLR’s independent diagnostic value 
and stability across diverse clinical contexts. Consequently, this study 
provides more robust evidence to inform clinical practice.

Despite observing some correlation between increased NLR levels 
and the occurrence of PCPI in lung cancer patients in this exploratory 
study, it is important to recognize the existence of several limitations. 
Firstly, this study was subject to the inherent limitations of a single-
center retrospective design, which may affect the generalizability of 
our findings. Since all participants were recruited from the Central 
Hospital of Shaoyang, institutional and regional variations in patient 
characteristics, infection control practices, and chemotherapy 
regimens may exist, limiting the applicability of our results to a 
broader population. Additionally, retrospective data collection is 
prone to selection bias due to the potential for inadequate 
representation of certain patient subgroups. While we attempted to 
mitigate these biases through rigorous statistical analysis, including 
multivariable adjustment and sensitivity analysis, the possibility of 
residual confounding cannot be  completely excluded. Secondly, 
despite adjusting for key covariates in our analysis, there may still exist 
certain potentially relevant confounding factors that are not present 
in our dataset. For instance, during the follow-up process, we did not 
collect other profound clinical variables, such as the performance 
status of patients and detailed smoking history (pack-years). These 
factors could potentially influence susceptibility to infection and 
immune function, and should be taken into account in future studies 
to improve the predictive accuracy of NLR for PCPI risk. Lastly, NLR 
was utilized as a solitary indicator without integration with other 
immune markers, such as WBC, CRP, or PCT. Future research should 
consider incorporating multiple inflammatory markers to enhance 
diagnostic sensitivity and specificity.

Future research should endeavor to validate the findings of this 
study within a larger, multicenter, prospective cohort and further 
investigate the diagnostic utility of integrating NLR with other 
immune markers. Additionally, employing molecular biology 
techniques to examine the mechanisms underlying alterations in 
NLR may elucidate the molecular basis of immunosuppression and 
PCPI in lung cancer patients. These investigations could establish 
NLR as a routine monitoring indicator for PCPI in lung cancer 
patients, thereby offering robust support for clinical decision-making.
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5 Conclusion

This single-center retrospective study provides preliminary 
evidence suggesting that elevated NLR levels may serve as a potential 
independent predictor associated with PCPI development in lung 
cancer patients. While these findings tentatively support the diagnostic 
value of NLR in monitoring post-chemotherapy immune status, 
we emphasize that the observational nature and single-center design 
necessitate cautious interpretation. The results should be validated 
through prospective, multicenter studies with larger cohorts before 
clinical application. This exploratory analysis lays preliminary 
groundwork for future investigations examining the integration of 
NLR with multidimensional biomarkers to develop more robust 
predictive models for PCPI risk stratification.
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