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Objective: To analyze independent risk factors and the distribution of pathogenic bacteria associated with pulmonary infection (PI) in 
patients with non-small cell lung cancer (NSCLC); and to explore the utility of peripheral blood-related inflammatory markers in the 
diagnosis of PI after comprehensive treatment of NSCLC.
Methodology: We retrospectively analyzed patients who were first diagnosed with NSCLC and received anti-tumor therapy from 
January 1, 2022 to December 31, 2022. There were 150 males and 50 females enrolled, and with a median age of 63 years. They were 
divided into PI (n=59) and non-PI (n=141) groups. The patients’ characteristics, treatment histories, and peripheral blood inflammatory 
indicators of the two groups were compared.
Results: Eighty-two strains of pathogens were isolated from 59 patients with NSCLC complicated by PI, of which 35 (42.7%) were 
Gram-negative and 29 (35.4%) were Gram-positive bacteria, 15 (18.3%) were fungi, and 3 (3.7%) were viruses. Logistic regression 
analysis revealed that ≥ 4 cycles of chemotherapy, radiotherapy, and higher neutrophil count before antineoplastic treatment were 
independent risk factors for PI in patients with NSCLC (P<0.05). C-reactive protein (CRP) and CRP-to-albumin ratio (CAR) exhibited 
high area under the curve values of 0.807 and 0.791, respectively. CRP demonstrated high sensitivity (Cutoff Value:10.095, P<0.001), 
whereas CAR had high specificity (Cutoff Value:0.747, P<0.001) for the early diagnosis of PI in patients with NSCLC.
Conclusion: Gram-negative bacteria were the main pathogens causing PI in patients with NSCLC. Greater than or equal to 4 cycles 
of chemotherapy, radiotherapy, and elevated neutrophil count before antineoplastic treatment were independent risk factors for PI in 
patients with NSCLC. Elevated CRP levels and higher CAR demonstrated a certain diagnostic utility for PI in patients with NSCLC 
after antitumor treatment.
Keywords: non-small cell lung cancer, pulmonary infection, risk factors, inflammatory indicators

Introduction
Globally, lung cancer is the leading cause of cancer-related mortalities, accounting for 18% of all cancer-related deaths.1 

According to the most recent statistics, the incidence of lung cancer is the highest in China, and lung cancer ranks first in 
terms of morbidity and mortality among both males and females. Lung cancer causes more deaths each year than 
colorectal, breast, and prostate cancers.2 Non-small cell lung cancer (NSCLC) is the most common type of lung cancer 
and accounts for approximately 85% of all lung cancer cases.3 Pulmonary infection (PI) is the most common cause of 
death in patients with lung cancer; the most common types of infections in these patient populations include pneumonia 
and sepsis, with Gram-negative bacilli being the most common pathogens.4 From a therapeutic point of view, pulmonary 
infection can complicate treatment. If the treatment of lung cancer such as radiotherapy and chemotherapy is being 
carried out, the infection may lead to the interruption or adjustment of these treatments, affecting the continuity and effect 
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of lung cancer treatment. Several factors can lead to the development of PI in patients with NSCLC. This is particularly 
true for patients who have undergone chemotherapy, radiation therapy, or immune checkpoint inhibitor treatment.5 These 
treatments can weaken a patient’s immune system and result in infection.6,7

Although several factors can lead to the development of PI in patients with non-small cell lung cancer (NSCLC), 
making a determination about whether new patchy pulmonary lesions in such patients are due to disease progression, 
drug associated pneumonia, or infection is clinically challenging. Because this may lead to misdiagnoses, understanding 
the risk factors for PI in patients with NSCLC is essential to making an accurate diagnosis.The susceptibility factors for 
PIs in patients with NSCLC are many, including diabetes mellitus, radiation therapy, surgery (Chen et al), chemotherapy 
and exposure to gram-negative bacteria due to immunocompromise (Wang et al). It is, however, not clear if these factors 
act independently or interact with one another.8,9

To better understand the inter-relationships among the risk factors for PI, this study used data from patients diagnosed 
with NSCLC, analyzed the distribution of pathogens after PI and the risk factors for coinfection, and evaluated the 
diagnostic utility of different infection markers for PI. Although some blood inflammatory indices have been proposed 
for predicting tumor pathologic staging and to guide treatment for NSCLC patients (Zhai et al),10 we adopt a different 
approach by exploring different sets of biomarkers in patients with PI and NSCLC. Ultimately, this may help achieve 
clinical preventive purposes as well as earlier diagnosis.

Materials and Methods
Patient Population
The medical records of patients diagnosed with NSCLC for the first time in the Respiratory Department of the Fourth 
Hospital of Hebei Medical University (Hebei Province, China) between January 1, 2022, and December 31, 2022, were 
retrospectively analyzed. The inclusion criteria were as follows: ① Pathology-confirmed NSCLC; ② Antitumor 
treatment after diagnosis, such as surgery, chemotherapy, radiation therapy, immunotherapy, and/or targeted therapy; 
③ Complete medical record information. The exclusion criteria were as follows: ① Other malignant tumors; ② PI 
before antitumor treatment; ③ Infections occurring in areas other than the lungs during the treatment process. Infections 
in organs other than the lungs (such as digestive tract infection, urinary tract infection and other infectious diseases that 
will affect the relevant indicators of this study) are diagnosed by the specialist of the corresponding department. This 
study was reviewed and approved by the Medical Ethics Committee of the Fourth Hospital of the Hebei Medical 
University (No. 2023KS206).

Baseline Patient Data
Two experienced physicians evaluated and selected patients who fulfilled the inclusion criteria. Patient data, including 
age, sex, pathological type, TNM stage, antitumor treatment, and laboratory investigation results, were collected from 
medical records and electronic databases.

Laboratory Investigations for Pathogens
Laboratory investigations included galactomannan (GM), 1-3-β-D-glucan, Cryptococcus capsular polysaccharide anti
gen, and the interferon-gamma release assay. Sputum and bronchoalveolar lavage fluid (BALF) examination results 
included Gram staining, acid-fast testing, hematoxylin, eosin, and hexamine silver staining, GM, and the Xpert 
Mycobacterium tuberculosis (MTB) test. Culture or metagenomic next-generation sequencing of sputum, BALF, and 
blood samples, and polymerase chain reaction (PCR) results for pathogen antigen in throat swabs were collected, which 
included the detection of viruses, mycoplasma, and chlamydia.

Determination of Positive Pathogen Detection Results
The criteria for determining positive results of pathogen testing were as follows. ① Bacteria (excluding mycobacteria): 
a positive result in blood, sputum culture, or BALF was considered to be positive. ② Mycobacterium tuberculosis: patients 
diagnosed with positive results needed to fulfill the criterion that the sputum or BALF smear was positive for acid-fast 
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testing or the Xpert MTB test was positive. Diagnoses that conformed to official clinical practice guidelines of the 
American Thoracic Society/American College of Infectious Diseases/Centers for Disease Control and Prevention were 
considered to be positive.11 ③ Fungi: patients diagnosed with positive fungal infections needed to have ≥ 1 the host 
factor(s), clinical features, or mycological evidence, all of which were categorized as probable or proven according to the 
2019 criteria from the European Organization for Research and Treatment of Cancer/Mycoses Study Group10. ④ Viruses, 
mycoplasma, and chlamydia: patients with a positive diagnosis tested positive for the pharyngeal swab antigen.

Inclusion Criteria for PI and Non-PI Patients
The inclusion criteria for the PI group were as follows: ① Presence of symptoms suggestive of PI, such as fever, cough, 
expectoration, and difficulty breathing; patchy, striped, or nodular pulmonary markings noted on chest computed 
tomography (CT); ② Positive results from laboratory pathogen testing. Patients in the non-PI group were required to 
have chest CT demonstrating no new inflammatory exudates, such as patchy or nodular shadows in the lungs. 200 
patients were enrolled in the study and were divided into PI (n=59) and non-PI (n=141) groups. Relevant blood test data 
were collected from patients in the PI group at initial admission and at the time of infection, whereas blood test data from 
patients in the non-PI group were collected at initial admission and on the day of complete antitumor response or last 
hospitalization. These included neutrophil count, neutrophil percentage (N%), neutrophil-to-lymphocyte ratio (NLR), 
C-reactive protein (CRP), CRP-to-albumin ratio (CAR), procalcitonin (PCT), serum amyloid A (SAA), D-dimer, 
carcinoembryonic antigen (CEA), albumin, and white blood cell ratio.

Collection of Various Detection Markers Before and After Antitumor Treatment in 
Patients with NSCLC
Data regarding PCT, SAA, CRP, CAR, N%, NLR, albumin, white blood cell ratio, CEA, hemoglobin, and D-dimer levels 
were collected from patients in the PI and non-PI groups before and after antitumor treatment. Each group was divided 
into pre-treatment and post-treatment groups. The results of the above test indicators were collected from the pre- 
treatment group before undergoing antitumor treatment. Relevant blood test indicators in the post-treatment group were 
collected when infection occurred in those in the PI group, and collected in the non-PI group on the day of complete 
antitumor response or last hospitalization.

Statistical Methods
Statistical analyses were performed using SPSS version 27.0 (IBM Corporation, Armonk, NY, USA). Count data are 
expressed as rate or composition ratio, and intergroup comparisons were performed using the chi-squared test. 
Measurement data that conformed to normal distribution are expressed as mean ± standard deviation (SD), the t-test 
was used for inter-group comparisons. Variables with a skewed distribution are expressed as median (interquartile range 
[IQR], ie, P25 – P75), and a non-parametric test was used for intergroup comparisons. Risk factor analysis was 
performed using a logistic regression model. Diagnostic utility of the indicators was assessed using receiver operating 
characteristic (ROC) curves, and the area under the ROC curve (AUC) was used as the basis for evaluation. The 
detection value corresponding to the largest Youden index was selected as the cut-off value. In this study, a two tailed test 
was used, and P < 0.05 was considered statistically significant. A flow-diagram illustrating the research process is 
presented in Figure 1.

Results
Patient Characteristics
All patients exhibited pathological evidence on bronchoscopy or CT-guided fine-needle biopsy. Based on whether PI 
occurred after antitumor treatment, patients were divided into 2 groups: PI (n=59) and non-PI (n=141). The clinical 
characteristics of the patients are summarized in Table 1.

There were 150 males and 50 females, ranging in age from 34 to 82 years, with a median age of 63 years (IQR 57–69 
years). Underlying diseases among the cohort were distributed as follows: hypertension (n=77); diabetes (n=38); 
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coronary heart disease (n=13); and imaging findings of pulmonary changes such as emphysema and bullae (n=81). 
Among these, 104 patients had a high smoking index and 92 had a history of drinking. According to TNM staging of 
lung cancer, 95 cases were classified as stages II and III, and 105 were classified as stage IV. Pathological types were 
distributed as follows: squamous cell carcinoma (n=67); adenocarcinoma (n=117); and other NSCLCs (such as large cell 
carcinoma, sarcomatoid carcinoma) (n=16). Treatment was distributed as follows: ≥ 4 cycles of chemotherapy (n=77); 
radiotherapy (n=29); immunotherapy (n=86); targeted therapy (n=70); and opportunity to undergo surgery at an early 
stage (n=16). Blood indicators were also collected from the patients before antitumor treatment.

Distribution of Pathogens
Data from 59 patients with NSCLC and PI were collected, and 82 pathogens were isolated. Among these, 35 (42.7%) were 
Gram-negative bacteria, including Pseudomonas aeruginosa, Klebsiella pneumoniae, Escherichia coli, Enterobacter cloacae 
and Acinetobacter baumannii. Twenty-nine (35.4%) strains were Gram-positive bacteria, including Streptococcus pneumo
niae, Staphylococcus aureus, other bacilli, and M. tuberculosis. Fifteen (18.3%) strains were fungi, including Candida 
albicans, Candida tropicalis, Aspergillus and Penicillium. Three (3.7%) strains were viruses, including cytomegalovirus and 
Epstein-Barr virus. Nineteen patients is mixed infection in the PI group. The most common mixed infection is gram-negative 
bacteria and fungi. The distribution of pathogens is reported in Figure 2A. and Table 2.

Time of Occurrence of PI in Patients with NSCLC
The time from lung cancer diagnosis to the onset of PI was recorded. Thirty-three patients were diagnosed with PI within 
6 months, 51 within 1.5 years, 58 within 2 years, and 59 within 2 years. The time is presented in Figure 2B.

Figure 1 Flow chart of this study design.
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Risk Factors for Infection
Based on whether PI occurred after antitumor treatment, patients were divided into 2 groups: PI (n=59) and non-PI (n=141). The 
clinical data of patients in the PI and non-PI groups were compared. As the parameters were compared between the 2 groups, 
single-factor analysis revealed that smoking index > 200 (P=0.029), ≥ 4 chemotherapy cycles (P=0.02), radiotherapy (P=0.001), 
and elevated neutrophil count (P=0.016) exhibited statistically significant results. Multiple-factor analysis revealed that ≥ 4 
chemotherapy cycles (odds ratio [OR] 2.027, P=0.037), radiotherapy (OR 3.585, P=0.003), and elevated neutrophil count (OR 
1.285, P=0.006) were independent risk factors for PI in patients with NSCLC. The results are presented in Figure 3A and 
Table S1.

Predictive Effect of Neutrophil Count on the Occurrence of PI
Multivariate analysis revealed that an elevated neutrophil count was a risk factor for PI. According to the ROC curve, the 
AUC was 0.609 (95% confidence interval [CI] 0.525–0.693; P=0.016). The best cut-off value for predicting the 
occurrence of nosocomial PI during NSCLC treatment was 4.255 × 109/L, with a corresponding sensitivity of 0.864, 
and a specificity of 0.353. The results are presented in Figure 3B.

Table 1 Patient Characteristics

non-PI (n=141) PI (n=49) X2 / t / Z P

Gender 8.399 0.089
Male 101 (71.6) 49 (83.1)

Female 40 (28.4) 10 (16.9)

Age, year 3.801 0.051
<65 77 (54.6) 41 (69.5)

≥65 64 (45.4) 18 (30.5)

Underlying diseases
Hypertension 56 (39.7) 21 (35.6) 0.299 0.585

Diabetes 28 (19.9) 10 (16.9) 0.229 0.632
Coronary Heart Disease 11 (7.8) 2 (3.4) 0.705 0.401

Emphysema and Bullae 52 (36.9) 29 (49.2) 2.6 0.107

Smoking index>200 66 (47.5) 38 (64.4) 4.758 0.029
Drinking 59 (41.8) 33 (55.9) 3.324 0.068

Pathological stage 0.882 0.348

Stage II–III 70 (49.6) 25 (42.4)
Stage IV 71 (50.4) 34 (57.6)

Pathological types 0.227 0.893

Squamous carcinoma 46 (32.6) 21 (35.6)
Adenocarcinoma 84 (59.6) 33 (55.9)

Other NSCLCs 11 (7.8) 5 (8.5)

Chemotherapy cycles 5.389 0.02
<4 94 (66.7) 29 (49.2)

≥4 47 (33.3) 30 (50.8)

Radiotherapy 13 (9.2) 16 (27.1) 10.749 0.001
Immunotherapy 60 (42.6) 26 (44.1) 0.039 0.844

Targeted therapy 54 (38.3) 16 (27.1) 2.285 0.131

Surgery 9 (6.4) 7 (11.9) 1.035 0.309
Blood indicators

AGR 1.42 ± 0.26 1.40 ± 0.28 0.444 0.658

CEA 6.15 (3.08,22.45) 5.82 (3.07,22.82) −0.489 0.625
N% 4.96 (3.80,6.29) 5.63 (4.51,6.84) −2.417 0.016
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Diagnostic Role of Peripheral Blood Inflammatory Markers
Relevant indicators of infection in the PI group were compared with various indicators of complete remission or last visit 
after anti-tumor treatment in the non-PI group and analyzed the diagnostic role of various inflammatory indicators in PI 
after anti-tumor treatment. Among PCT, SAA, CRP, N%, CAR, and NLR, the AUC values for each index for the 
diagnosis of PI in patients with NSCLC were all significantly higher than those in the non-PI group (P < 0.05). The AUC 
for CRP was highest (0.807), with a sensitivity and specificity of 92.6% and 61%, respectively. The AUC for CAR was 
0.791, with a sensitivity and specificity of 62.2% and 85.4%, respectively. The AUC for SAA was 0.786, with 

Figure 2 The distribution of pathogens and the results of time of occurrence of PI in patients with NSCLC. (A) Time of occurrence of PI in patients with NSCLC. 
(B) Distribution of pathogens. 
Abbreviations: PI, pulmonary infection; NSCLC, non-small cell lung cancer.
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a sensitivity and specificity of 85.2% and 51.1%, respectively. The AUC for PCT was 0.651, indicating a poor diagnostic 
performance. The results are presented Figure 3C. and summarized in Table 3.

Changes in Relevant Indicators in Patients in the PI Group Before and After Antitumor 
Treatment
The laboratory indices of the 2 groups before and after antitumor treatment were compared. After antitumor treatment, 
the levels of albumin, albumin-to-globulin ratio (AGR), and hemoglobin in the peripheral blood of patients decreased, the 
level of D-dimer increased, and the differences were was statistically significant. The results are presented in Table 4.

Table 2 Distribution of Pathogens

Pathogens Strains Percentage (%)

Gram-negative bacteria 29 35.4
Streptococcus pneumoniae 18 22.0

Staphylococcus aureus 5 6.1

Other gram-positive bacilli 3 3.7
Bacillus tuberculosis 2 2.4

Streptococcus parasanguis 1 1.2

Gram-negative bacteria 35 42.7
Pseudomonas aeruginosa  
Klebsiella pneumoniae  
Escherichia coli

13 

10 
4

15.9 

12.2 
4.9

Acinetobacter baumannii 3 3.7

Enterobacter cloacae 2 2.4
Haemophilus influenzae 1 1.2

Prevotella melaninogenica 1 1.2

Pseudomonas stench 1 1.2
Fungi 15 18.3

Monilia albicans 5 6.1

Aspergillus 3 3.7
Pneumocystis jirovecii 2 2.4

Candida tropicalis 2 2.4

Cryptococcus neoformans 1 1.2
Penicillium 1 1.2

Candida krusei 1 1.2

Viruses 3 3.7
Cytomegalovirus 1 1.2

Human Herpesvirus 1 1.2

Epstein-Barr Virus 1 1.2

Figure 3 The results of risk factors for infection and ROC Curve. (A) Risk factors for infection. (B) The ROC Curve of neutrophil count before antitumor treatment. 
(C) Diagnostic role of peripheral blood inflammatory markers.
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Changes in Relevant Indicators in Patients in the Non-PI Group Before and After 
Antitumor Treatment
After antitumor treatment, hemoglobin and CEA levels in the peripheral blood of patients decreased, and the difference 
was statistically significant. However, there was no significant difference in albumin, AGR, or D-dimer levels. The 
results are presented in Table 4.

Discussion
Patients with early-stage NSCLC can achieve good clinical benefits through comprehensive surgery-based treatment; 
however, the 5-year OS rate remains < 20%.12 The main reason is that the rate of early diagnosis is low; as such, > 75% of 
patients with NSCLC are clinically diagnosed as having progressed to the middle- to late-stage(s) and lose the opportunity for 
surgery to provide a radical cure. Chemotherapy, radiation therapy, and immune therapy remain the main treatments for 
advanced NSCLC. Although some patients achieve a complete response with these treatments,13–15 complications may occur 
such as infection, thrombosis, immune-related adverse reactions, and liver and kidney damage, and some are even life 
threatening.16–19 This underscores the benefit of developing a diagnostic markers that make early diagnosis and treatment 
possible, which can ultimately help prevent these treatment complications as well as comorbidities, while prolonging patient 
survival. Against this background, the present study investigated the relevant risk factors in patients with NSCLC and PIs and 
explored the potential diagnostic value of inflammatory markers in the peripheral blood.

PI is a common respiratory disease, presenting with symptoms including fever, cough, sputum production, chest pain, 
difficulty with breathing, and/or new patchy exudates in the lungs. This study enrolled 200 patients; of those with 
NSCLC, 59 had concurrent PI, which was based on PI diagnosis and pathogen testing. We were able to confirm that 82 
pathogens were identified in 59 patients, and the pathogens mainly included Gram-negative bacteria, Gram-positive 
bacteria, fungi, and viruses.

Table 3 Peripheral Blood Inflammatory Markers

Blood Indicators AUC SE P 95% CI Cutoff Value Sensitivity (%) Specificity (%)

PCT 0.651 0.07 0.036 0.514–0.788 0.075 59.3 73.2
SAA 0.786 0.055 <0.001 0.679–0.894 19.05 85.2 51.1

CRP 0.807 0.051 <0.001 0.707–0.907 10.095 92.6 61.0

N% 0.720 0.068 0.002 0.587–0.853 78.65 59.3 85.4
NLR 0.700 0.068 0.006 0.567–0.833 5.215 66.7 73.2

CAR 0.791 0.050 <0.001 0.693–0.890 0.747 62.2 85.4

Table 4 Changes in Relevant Indicators in Patients in the PI and Non-PI Group Before and After Antitumor Treatment

Blood Indicators After Antitumor Treatment Before Antitumor Treatment Difference Value t / Z P

PI
ALB (g/L) 39.81 ± 4.84 35.04 ± 5.68 4.10 (0.50,9.40) −5.174 <0.001

AGR 1.38 (1.21,1.53) 1.23 (1.11,1.43) 0.10 (−0.02,0.27) −3.333 <0.001
CEA (ng/mL) 6.05 (3.12,31.70) 5.31 (3.05,71.48) 0.22 (−2.73,1.85) −0.5 0.617

Hb (g/L) 137.20 ± 20.37 113.97 ± 20.22 23.22 ± 17.06 10.367 <0.001

D-dimer (mg/L) 0.18 (0.09,0.47) 0.37 (0.18,1.04) 0.13 (0.01,0.49) −4.439 <0.001

Non-PI
ALB 40.00 (37.90,42.10) 40.40 (37.45,42.66) 0.11 ± 4.51 0.278 0.781
AGR 1.42 ± 0.26 1.46 ± 0.29 0.03 ± 0.28 −1.628 0.100

CEA 6.37 (3.36,21.09) 5.28 (2.92,10.86) 0.49 (−0.85,5.21) −2.567 0.010

Hb 133.0 (124.60,145.00) 125.0 (111.0,133.0) 13.24 ± 17.16 8.961 <0.001
D-dimer 0.21 (0.12,0.59) 0.266 (0.15,0.52) 0.05 (−0.20,0.19) −0.345 0.730
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In recent years, with advances in detection technologies, multiple studies have found that the common pathogens 
infecting lung cancer patients are Gram-positive bacteria, Gram-negative cocci, fungal infections, viruses, and 
tuberculosis.9,20–23 The results of related studies revealed that Gram-negative bacteria predominated among PIs. Early 
epidemiological data suggest that bacterial infections are common in patients with cancer, especially when the disease 
progresses, with an incidence rate of approximately 50%–70%.24 Our study evaluated the distribution of common 
pathogens in NSCLC after treatment, and provided diagnostic and therapeutic evidence for patients with PI during 
comprehensive treatment.

We divided the patients into PI and non-PI groups to evaluate risk factors for the development of PI in patients 
with NSCLC. To increase the authenticity and reliability of the evaluation, we limited the PI group to patients in 
whom pathogens were detected, while the non-PI group included patients who did not fulfill the criteria for clinical 
diagnosis of PI. Patients with suspected PIs were not included in any group. We found that history of ≥ 4 
chemotherapy cycles, history of radiotherapy, and increased neutrophil count were independent risk factors for PI. 
Lower respiratory tract defense against infection includes mechanical defenses, such as coughing, barrier function of 
the mucus and epithelium, and mucociliary clearance, in combination with the innate immune response to help clear 
inhaled or inhaled substances, including infectious agents.25 The lower respiratory tract has defensive functions. When 
lung cancer occurs, airway compression and rupture of the alveoli occur, resulting in reduced defense functions and 
susceptibility to pneumonia. Because the chemotherapy regimen is basically 4–6 cycles, if the lesion does not progress, 
the patient will enter the observation period or maintenance treatment period. Therefore, selecting ≥ 4 cycles of 
chemotherapy will become a risk factor. When the immune system is weakened after radiotherapy or chemotherapy, 
infections are more likely to occur.26 Other studies have reported that radiotherapy and chemotherapy in patients with 
lung cancer can cause damage to epithelial cells and induce oxygen response, aging, and cell death.,27,28 including 
tumor necrosis factor, interleukin (IL)-1, IL-6, and IL-23, T lymphocytes, and infiltration inflammation of macro
phages, neutrophils, and eosinophils in the alveoli (alveolitis), which leads to subsequent damage to the physiological 
condition of the lungs.29–31 Relevant studies pointed out that the occurrence of pulmonary bacterial infection in 
patients with non-small cell lung cancer receiving immunotherapy predicted better efficacy of immunotherapy, and 
immunotherapy was not a risk factor for pulmonary infection in this study.32

An elevated neutrophil count was also found to be an independent risk factor for the development of PI in patients 
with NSCLC. The AUC for neutrophil count in predicting PI was < 0.7, and the specificity of the neutrophil count as 
a predictor was low and, therefore, not ideal. Although neutrophil count before antineoplastic treatment was one of the 
risk factors in this study, and its AUC value was statistically significant, its AUC was < 0.7, indicating that its ability to 
predict the occurrence of PI was poor. Neutrophils are myeloid white blood cells that are one of the main mediators of 
acute inflammation in humans. Neutrophils account for 50%–70% of all circulating leukocytes, are generally believed to 
be present during the acute phase of inflammation, and play a role in killing pathogens.33 The neutrophil count in the PI 
group was higher than that in the non-PI group before antineoplastic treatment; however, its correlation with infection 
prediction was poor. This may be because the body has a mild inflammatory response when lung cancer is first 
diagnosed, but does not develop into specific organ infections. Neutrophil count reflects the inflammatory and immune 
status of the body over a short period rather than being a long-term indicator. Laboratory index changes affected by 
various factors are large and do not predict the need for anti-tumor treatment after infection. The AGR reflects the 
chronic inflammatory response in the body, and some studies have shown that it is closely related to the incidence and 
mortality of cancer.34 AGR is an important predictor of long-term mortality in patients with lung adenocarcinoma.35 

However, the difference in the AGR in this study was not statistically significant before treatment.
In the diagnosis and treatment of NSCLC, when a patient develops a new lesion, it is necessary to determine whether 

the lesion represents tumor progression, infection, or interstitial pneumonia. Therefore, we often rely on blood test results 
for accurate judgments. Indicators frequently involved in inflammatory testing include PCT, CRP, SAA, white blood cell 
ratio, and neutrophil counts.36,37 The results for these inflammatory factors are easily obtainable in clinical practice, 
although whether these inflammatory factors play a diagnostic role in the occurrence of infection in patients with lung 
cancer requires further confirmation. Therefore, we collected these indicators from 200 patients at the time of diagnosis 
and at the end of follow-up. Patients with PI exhibited significantly higher levels of CRP, CAR, PCT, SAA, N%, and 
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NLR than those in the non-PI group. Analysis revealed that CAR and PCT have high specificity but poor sensitivity, 
whereas the results for CRP are exactly the opposite. Related reports have also found that PCT, CRP, and CAR can be 
used as predictive indicators of concurrent infections in patients with lung cancer after radiotherapy and 
chemotherapy.38–40 However, CRP and CAR have better predictive performance.38,41 An increasing number of studies 
have suggested that CAR is the most effective early predictor of co-infection in patients with lung cancer.38,42 This is 
consistent with our results because we found that CRP and CAR had higher AUC values and sensitivities than PCT. In 
recent years, NLR has been widely investigated as a new inflammatory index. Some studies have reported that 
hospitalization for community-acquired pneumonia in patients with an elevated NLR is significantly prolonged.43,44 In 
recent years, some studies have suggested that NLR can serve as a predictor of targeted and immunotherapeutic effects 
for lung cancer, and the overall survival (OS) and progression-free survival of targeted therapy and immunotherapy are 
significantly reduced when the NLR is > 5.45,46 In recent studies, investigators have found that in the diagnosis of 
bacterial infection after chemotherapy, the diagnostic value of the NLR is higher than that of traditional routine blood 
indices, which is in agreement with the results of this study.47 In our study, although the NLR was significantly increased 
in the PI group, its sensitivity and specificity were poor, and its diagnostic significance for patients with lung cancer and 
concurrent infections was low. Therefore, CRP and CAR may be the best early diagnostic tools for co-infection in 
NSCLC.

To further explore the significance of blood tests in patients with PI, we compared albumin, white blood cell ratio, 
hemoglobin, CEA, and D-dimer levels before and after comprehensive treatment in the PI and non-PI groups. In the non- 
PI group, only a decrease in CEA level was observed after antitumor treatment, and no further changes were observed in 
the other indicators. In the PI group, the levels of albumin, white blood cell ratio, and hemoglobin decreased, changes in 
CEA were not significant, and D-dimer levels increased. This suggests that patients with PI may have decreased immune 
function due to the long-term depletion of albumin, white blood cell ratio, and hemoglobin. In addition, relevant reports 
have suggested that PI can cause an increase in D-dimer levels, which may be related to the damage caused by the 
infection of blood vessels.48,49 In a meta-analysis including 8452 patients, it was found that high D-dimer levels in 
patients with cancer led to reduced survival, and that D-dimer levels were an independent factor for poor prognosis.50 

Related studies have shown that CEA levels gradually decrease during the remission of NSCLC. CEA levels help 
evaluate the therapeutic effect on NSCLC.51 After treatment, D-dimer levels in the infected group increased, whereas the 
CEA level in the non-infected group decreased. Therefore, it can be preliminarily inferred that the occurrence of infection 
may be associated with the effectiveness of antitumor therapy. Further research with larger sample sizes is necessary to 
determine the exact relationship between infection and oncological efficacy.

The present study had some limitations, the most significant of which was the more accurate collection of relevant 
indicators in the PI group. After careful consideration, we believe that test results at the last follow-up for patients 
without PI are more meaningful but may have introduced bias. In addition, the infected patients we enrolled were those 
who were found to have pathogens, excluding patients with lung cancer complicated by lung infection without clear 
pathogens. The main reason for the inclusion criteria was to exclude patients with radiation pneumonia and immune- 
related pneumonia in clinical practice.From the available records, the OS could not be determined, this should be listed as 
a limitation. A prospective, follow-up study which incorporates OS and PFS is warranted.

Conclusion
Gram-negative bacteria were the main pathogens causing PI in patients with NSCLC. More than 4 chemotherapy cycles, 
radiotherapy, and elevated neutrophil count before antineoplastic treatment were independent risk factors for PI in 
patients with NSCLC. Elevation of CRP levels and CAR had a certain diagnostic utility for PI in patients with NSCLC 
after anti-tumor treatment. Compared with the related indicators of tumor burden (CEA and D-dimer), the tumor burden 
of patients in the PI group was higher than that in the non-PI group. Pending its reproducibility and validation in 
a clinical population via a prospective study, our results suggest that the occurrence of PI may be a clinical indicator of 
the efficacy (or the lack of it) of antitumor treatment.

This study has some shortcomings, such as it is a retrospective single center study with a small sample size, no further 
analysis of different types of lung infections, and no long-term follow-up. We hope that in the future, we can conduct 
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a multicenter, large sample prospective study with less bias to further find the risk factors of lung inflammation in lung 
cancer patients and the adverse impact of lung infection on the prognosis of lung cancer patients.

Ethical Approval and Consent to Participate
Before the commencement of the study, we obtained ethical clearance from the Ethics Review Committee of the Fourth 
Hospital of Hebei Medical University. Before data collection, we explained the study objectives to the heads of the 
hospital director and laboratory personnel who worked in the hospital. Since we used the secondary data obtained from 
previous clinical treatment for this study and didn’t require the patient’s informed consent. The informed consent of this 
study was waived by the Ethics Review Committee of the Fourth Hospital of Hebei Medical University 
(No. 2023KS206). We conducted the study following the Declaration of Helsinki.52 To ensure confidentiality of 
information from participant’s record, we didn’t record any personal identifiers on the data collection sheet, and secured 
data from participant records were not available to anyone except for the investigators.
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