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Objective: This study aims to assess the clinical significance of the peripheral blood neutrophil-to-lymphocyte ratio (NLR) in
predicting chemotherapy outcomes for patients with small cell lung cancer (SCLC).

Methods: A cohort of 44 patients diagnosed with SCLC between January 2021 to June 2022 at Fuyang People’s Hospital was
selected for analysis. All patients in this group received a first-line platinum-based doublet chemotherapy regimen. In parallel,
a control group consisting of 44 healthy individuals undergoing routine physical examinations at the same hospital was also selected.
Fasting venous blood samples were collected in the morning within one week before the initiation of chemotherapy, and a complete
blood cell count was performed to calculate the NLR.

Results: The NLR in the plasma of patients with SCLC was significantly elevated compared to that of healthy individuals (P < 0.01).
After two cycles of chemotherapy, there were no statistically significant differences in plasma NLR in SCLC patients compared to pre-
chemotherapy levels (P > 0.05). However, in the subgroup of patients with a partial response (PR) to treatment, the NLR decreased to
2.625 (95% CI: 1.900, 3.625), down from a pre-chemotherapy level of 3.430 (2.688, 4.800) (Z = —3.127, P = 0.002). Conversely, in
patients whose disease progressed (PD) following chemotherapy, the NLR increased to 3.880 (95% CI: 2.953, 5.223) from a pre-
chemotherapy level of 2.060 (1.915, 2.968) (Z = —2.521, P = 0.012).

Conclusion: The dynamic variations in the peripheral blood NLR before and after chemotherapy in patients with SCLC are strongly
associated with the efficacy of first-line chemotherapy regimens. These changes in NLR levels may serve as a crucial indicator for
predicting the effectiveness of first-line chemotherapy in patients with SCLC.
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Introduction
Lung cancer remains a significant global public health challenge, marked by high incidence and mortality rates. In 2018,
an estimated 2.1 million new cases of lung cancer were reported worldwide, accounting for 11.6% of all cancer
diagnoses.! In China, lung cancer has surpassed liver cancer as the leading cause of cancer-related deaths since 2008,
with small cell lung cancer (SCLC) representing approximately 15% of all lung cancer cases. SCLC is characterized by
rapid proliferation and early distant metastasis, with most patients presenting with hematogenous spread at the time of
diagnosis, and only about one-third being diagnosed in the limited stage. Despite SCLC’s high sensitivity to radiotherapy
and chemotherapy, the disease is prone to recurrence and metastasis, resulting in a 5-year survival rate of only 10% for
patients with extensive-stage disease.” Consequently, identifying biomarkers that can predict the efficacy of chemother-
apy in SCLC is crucial for enabling precise and individualized treatment strategies for patients with lung cancer.
Inflammation plays a critical role in cancer progression, and the neutrophil-to-lymphocyte ratio (NLR) has emerged
as a valuable indicator of systemic inflammatory response, providing important insights into the inflammatory and
immune status of patients. NLR has been recognized as a prognostic biomarker across various cancer types, including
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urothelial tumors, prostate cancer, and non-small cell lung cancer (NSCLC).* ™ Previous studies related to SCLC have
discussed the impact of NLR (Neutrophil-to-Lymphocyte Ratio). A retrospective study involving 139 SCLC patients
showed that a high NLR is associated with poorer overall survival (0S).® Another study on extensive-stage SCLC
indicated that patients receiving first-line chemotherapy with an NLR < 3 could benefit in terms of progression-free
survival (PFS).” However, there is a paucity of research on the utility of NLR in predicting the effectiveness of first-line
chemotherapy for SCLC. This study seeks to address this gap by conducting a retrospective analysis of 44 patients with
SCLC, aiming to evaluate the predictive value of NLR in determining the efficacy of first-line chemotherapy in this
patient population.

Materials and Methods

Clinical Data

A retrospective analysis was conducted on 44 patients diagnosed with SCLC who were treated at Fuyang People’s
Hospital between January 2021 and June 2022. The cohort included 32 males and 12 females, with a mean age of 66.27 +
8.48 years. All patients received first-line platinum-based doublet chemotherapy, and treatment efficacy was assessed
following the completion of two chemotherapy cycles.

The inclusion criteria were: (1) treatment-naive patients diagnosed with SCLC confirmed by histopathological examina-
tion; (2) a performance status (PS) score of < 2, with no significant abnormalities in complete blood count or liver and kidney
function, and the ability to tolerate first-line chemotherapy for SCLC; (3) availability of complete blood count results for
NLR evaluation, with blood collection conducted within one week before treatment; (4) an expected survival time exceeding
three months; and (5) voluntary signed informed consent for chemotherapy and agreement to follow-up.

The exclusion criteria were: (1) patients with severe infections before admission; (2) individuals with impaired
cardiac function or severe hepatic or renal dysfunction; (3) histopathological examination results indicating NSCLC; (4)
patients with two or more concurrent malignancies; (5) those with comorbid hematological disorders; (6) individuals with
immune system diseases; (7) patients with hepatitis B or C virus infection; and (8) those with a history of long-term
steroid therapy.

During the same period, 44 healthy individuals were recruited from the physical examination center to serve as the
healthy control group. This group included 33 males and 11 females, with a mean age of 65.23 + 8.76 years. There were
no significant differences in gender distribution or age between the patient and control groups (%> = 0.059, P = 0.808; t =
0.569, P = 0.571). All participants, or their authorized representatives, provided signed informed consent, and the study
adhered to the ethical guidelines outlined in the Helsinki Declaration of the World Medical Association.

Detection Methods

Within one week before the initiation of chemotherapy and again before the third cycle, 3 mL of fasting peripheral
venous blood was collected from patients in the lung cancer group each morning. Similarly, healthy control subjects
provided 3 mL of fasting venous blood on the day of their physical examination. All blood samples were placed in
vacuum tubes with anticoagulant, mixed thoroughly, and analyzed within 4 hours. Blood cell parameters were measured
using the BC-6900 hematology analyzer and associated reagents from Mindray. The NLRs were subsequently calculated
for each group.

Efficacy Evaluation

The efficacy of chemotherapy was assessed using the Response Evaluation Criteria in Solid Tumors (RECIST),
classifying outcomes into four categories: complete response (CR), partial response (PR), progressive disease (PD),
and stable disease (SD).

Observation Indicators
The NLR values for all subjects, as well as the efficacy of first-line chemotherapy in patients with SCLC, were as
follows: Baseline NLR (NLRO) was recorded before the initiation of chemotherapy, while the NLR after two cycles of
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first-line chemotherapy (NLR,) was documented subsequently. The NLR values for the healthy control group were also
measured. The effectiveness of the first-line chemotherapy was assessed based on the efficacy evaluation results obtained
after two cycles of treatment.

Statistical Methods

Data were analyzed using SPSS 20.0 statistical software. Normally distributed quantitative data were expressed as the
mean + standard deviation (X + S), while non-normally distributed data were reported as the median (interquartile range)
[M (P25, P75)]. Comparisons between two groups were performed using the s-test for normally distributed data with
homogeneity of variance, and the paired #-test was used to compare differences before and after chemotherapy within the
same group. For non-normally distributed data or data with heterogeneity of variance, the Wilcoxon signed-rank test was
applied. A P < 0.05 was considered statistically significant.

Results
Correlation Between Plasma NLR Levels and Clinical Characteristics in Patients With
SCLC

In the SCLC group, no significant correlation was observed between plasma NLR levels and variables such as age, sex,
smoking status, or TNM stage (P > 0.05), as shown in Table 1.

Differences in Plasma NLR Levels Between Patients With SCLC and Healthy
Individuals

The average NLR value in the 44 patients with SCLC was significantly higher compared to that in healthy individuals,
measuring 3.055 (2.155, 4.588) versus 1.915 (1.490, 2.243), with a P < 0.01, as shown in Table 2.

Differences in Plasma NLR Levels Before and After Chemotherapy in Patients With
SCLC

The NLR levels in patients with SCLC were compared before and after two cycles of first-line chemotherapy. The results
indicated that there was no significant difference in the average NLR values before chemotherapy [3.055 (2.155, 4.588)] and
after chemotherapy [2.970 (2.178, 3.760)], among the 44 patients with SCLC (P > 0.05). Further details are shown in Table 3.

Table | Correlation Between Plasma NLR Levels and Clinical
Characteristics in Patients With SCLC

Clinical Characteristics | n NLR Z value P
Age —-0.122 | 0.903
< 66 16 | 3.020(2.053,4.915)

2 66 28 | 3.225(2.323,4.588)

Gender —0.725 | 0.469
Male 32 | 3.055(2.090,4.098)

Female 12 | 3.210(2.558,5.123)

Smoking -0.427 | 0.670
Yes 25 | 3.070(2.090,3.935)

No 19 | 2.970(2.420,5.220)

Stage —0.207 | 0.836
11+ 16 | 3.225(2.095,4.678)

v 28 | 2.995(2.323,4.565)
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Table 2 Comparison of Plasma NLR Levels Between Patients With SCLC and Healthy Controls

Experimental Group (n = 44) | Control Group (n = 44) | x*/t/Z P

Gender (male/female) 32/12 33/11 0.059 | 0.808
Age 66.27+8.48 65.23+8.76 0.569 | 0.571
NLR 3.055(2.155,4.588) 1.915(1.49,2.243) —5.416 | 0.000

Table 3 Comparison of NLR Levels Before and After Chemotherapy in
Patients With SCLC

Before Chemotherapy (n = 44) | After Chemotherapy (n = 44)

NLR 3.055(2.155,4.588) 2.970(2.178,3.760)
z —1.552
P 0.121

Table 4 Comparison Between Fluctuations in NLR Levels and Treatment Efficacy

Before Chemotherapy | After Chemotherapy z P
PD Group (n = 8) 2.060(1.915,2.968) 3.880(2.953,5.223) —2.521 | 0.012
PR Group (n = 36) 3.430(2.688,4.800) 2.625(1.900,3.625) —-3.127 | 0.002

Correlation Analysis Between Dynamic Changes in Plasma NLR and Therapeutic
Efficacy

Among the 44 patients with SCLC who were followed up after two cycles of chemotherapy, the response distribution was
as follows: 0 cases of CR, 36 cases of PR, 0 cases of SD, and 8 cases of PD.

A comparison of NLR changes before and after chemotherapy was conducted within the PR and PD subgroups. In the
PR subgroup, the post-chemotherapy NLR was 2.625 (1.900, 3.625), which was significantly lower than the pre-
chemotherapy NLR of 3.430 (2.688, 4.800) (P = 0.002). Conversely, in the PD subgroup, the post-chemotherapy NLR
was 3.880 (2.953, 5.223), significantly higher than the pre-chemotherapy NLR of 2.060 (1.915, 2.968) (P = 0.012).
Detailed results are shown in Table 4.

Discussion

It is well established that inflammation plays a crucial role in the initiation and progression of various cancers, with
systemic inflammation often correlating with poorer patient prognosis. Chronic inflammation can disrupt the regulation
of multiple cytokines and chemokines, resulting in unregulated cell repair and impaired apoptosis, which can drive
tumorigenesis. Research indicates that tumor-associated macrophages (TAMs) and tumor-associated neutrophils (TANs)
contribute to the inflammatory milieu of tumors, facilitating tissue remodeling, angiogenesis, and metastatic spread in
several cancer types.*’

The NLR, calculated as the ratio of neutrophil to lymphocyte counts, functions as a peripheral hematological marker
indicative of systemic inflammation. An elevated NLR indicates a more pronounced inflammatory response, either due to
elevated neutrophil counts or decreased lymphocyte counts. Elevated NLR has been associated with poorer prognoses in
various solid tumors.'®!" The underlying mechanisms involve several factors: neutrophils secrete factors such as
interleukin-8 (IL-8), vascular endothelial growth factor (VEGF), and elastase, which promote tumor growth and
metastasis. Conversely, lymphocytes, which are pivotal in anti-tumor immunity, are typically reduced in patients with
suppressed or deficient immune systems. Additionally, neutrophils have been shown to inhibit the quantity and function

of lymphocytes and natural killer cells in vitro, contributing to immune suppression.'?
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Research into the peripheral blood NLR as a systemic inflammation marker in cancer patients is expanding, with NLR
increasingly recognized as a significant indicator of systemic immune responses associated with inflammation and
malignancy. Due to its rapid, widespread, and cost-effective detection, NLR has been extensively studied in lung cancer,
particularly NSCLC."*"'® The meta-analysis by Yu et al indicated that an elevated NLR (Neutrophil-to-Lymphocyte
Ratio) predicts poorer overall survival (OS) and progression-free survival (PFS) in lung cancer patients, suggesting that
a higher NLR (for example, >4) could be considered a biomarker for poor prognosis in lung cancer patients.'> The meta-
analysis by Yin et al, which included 14 studies and 2734 lung cancer cases, demonstrated that an elevated NLR
(Neutrophil-to-Lymphocyte Ratio) predicts poorer overall survival (OS), supporting the notion that NLR is a good
prognostic biomarker.'® However, there is a comparative paucity of studies focusing on SCLC.'"'® Pan et al have
identified NLR as an independent predictor of progression-free survival (PFS) and overall survival (OS) in SCLC."
Regarding whether NLR can be used to evaluate the therapeutic effects of SCLC, and to assess the recurrence or
progression of SCLC, there is even less research. To further explore the value of NLR in predicting the efficacy of first-
line chemotherapy for SCLC, this study conducted a retrospective analysis involving 44 treatment-naive patients with
SCLC. The results demonstrated that NLR levels in patients with SCLC were significantly higher compared to healthy
individuals, aligning with Zhu et al’s findings that suggest NLR may be a useful biomarker for lung cancer diagnosis.*

In our study, we examined the relationship between NLR levels and clinical parameters in patients with SCLC. The
analysis revealed no significant association between NLR and fundamental tumor characteristics such as gender, age,
smoking history, or TNM stage. When evaluating the efficacy of first-line platinum-based doublet chemotherapy, no
significant difference was observed between the pre-chemotherapy NLR (NLRO) and the NLR after two cycles of
treatment (NLR2). However, subgroup analysis revealed that, in the PR subgroup, post-chemotherapy NLR was
significantly lower than pre-chemotherapy NLR (P = 0.002), whereas, in the PD subgroup, post-chemotherapy NLR
was significantly higher than pre-chemotherapy NLR (P = 0.012). These findings suggest that dynamic changes in NLR
may reflect the effectiveness of chemotherapy. In the PD subgroup, the increase in NLR levels may be associated with
tumor-induced inflammation, immune suppression, increased myelopoiesis, and tumor progression. In contrast, in the PR
subgroup, effective chemotherapy may reduce tumor burden and inflammation, potentially restoring lymphocyte func-
tion, leading to a decrease in NLR levels. These changes reflect the complex interplay between the tumor microenviron-
ment and the host immune response.'® The results of this study are consistent with those of Kang et al, who found that
NLR levels significantly increased during disease progression in SCLC compared to after one cycle of chemotherapy, but
did not analyze the differences in outcomes for patients who achieved remission. This study also found that after two
cycles of chemotherapy, the NLR of patients who achieved remission was lower than before chemotherapy.?' Pan et al
found that NLR could also help in selecting the optimal first-line treatment regimen, with patients having high NLR
before treatment potentially benefiting more from EP therapy rather than EC therapy. This study did not statistically
analyze the first-line chemotherapy regimens of EP or EC, which could be further analyzed in the future.'® Suh et al also
observed that an NLR < 5 indicated better efficacy following 6 weeks of PD-1 antibody therapy in patients with
NSCLC.*? These results suggest that NLR is a readily available and effective measurement method that may reflect
tumor burden and the prognosis of patients with small cell lung cancer. Additionally, it can be helpful in assessing
treatment responses and monitoring the recurrence or progression of small cell lung cancer. Thus, dynamic changes in
NLR might be associated with the efficacy of first-line chemotherapy in SCLC, offering potential insights into
chemotherapy effectiveness and patient prognosis.

However, this study has limitations, including a small sample size and a relatively short follow-up period with
infrequent assessments. Future prospective studies with larger sample sizes and extended follow-up are needed to further
validate these findings and establish the clinical utility of NLR as a predictive biomarker for chemotherapy response and
prognosis in SCLC.

Conclusion

This study confirms that NLR is significantly elevated in SCLC patients compared to healthy individuals and correlates
with the efficacy of first-line chemotherapy. As a simple and easily measured indicator of systemic inflammation and
immune status, NLR shows potential for broader clinical use in SCLC management.
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Abbreviation
NLR, neutrophil to lymphocyte ratio; SCLC, small cell lung cancer; NSCLC, non-small cell lung cancer; RECIST,
response evaluation criteria in solid tumors; PD, progressive disease; SD, stable disease; PR, partial remission; CR,
complete remission; TAM, tumor-associated macrophages; TANs, tumor-associated neutrophils; IL-8, Interleukin-8
VEGF, vascular endothelial growth factor; PFS, Progression-Free Survival; OS, overall survival, PD-1, programmed
cell death protein-1.
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