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Abstract: Background/Objectives: The analysis of the complete blood count (CBC)-derived
inflammatory indexes across different histological subtypes of lung cancer supports the
early detection of tumor-induced inflammation and has a good predictive value for severity
in cancer patients. The main objective of this article was to assess the variations in CBC-
derived inflammatory markers across different histologic subtypes of lung cancer, with the
final goal of identifying specific predictors of severity for each histologic subtype of lung
cancer. Methods: We conducted a retrospective descriptive study that included 202 patients
diagnosed with lung carcinoma at the Clinical County Hospital Mures. The analyzed pa-
rameters were as follows: the histological type, the stage of the tumor, patients’ general data,
and associated comorbidities. In addition, nine CBC-derived inflammatory indexes, like the
neutrophil-to-lymphocyte ratio (NLR), derived neutrophil-to-lymphocyte ratio (d-NLR),
monocyte-to-lymphocyte ratio (MLR), platelet-to-lymphocyte ratio (PLR), eosinophil-to-
neutrophil ratio (ENR), eosinophil-to-monocyte ratio (EMR), systemic inflammatory index
(SII), systemic inflammatory response index (SIRI), and aggregate index of systemic in-
flammation (AISI), were analyzed as predictors of severity and correlated with histologic
findings. Results: The predictors of severity differed across the histologic subtypes. SIRI,
d-NLR, and age were predictors of severity in adenocarcinoma patients, while the d-NLR,
ENR, leukocyte, and neutrophil count predicted severity in squamous cell carcinoma. For
SCLC patients, AISI, SIRI, SII, d-NLR, EMR, ENR, MLR, leukocyte count, lymphocyte count,
neutrophil count, platelets count, COPD, smoking, and male gender were predictors for
severity. Conclusions: Understanding the complexity and variations in the inflammatory
response across different histologic types of lung cancer can personalize treatment regi-
mens and target specific abnormal cellular lines, thus improving the outcome of this highly
deadly condition.
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1. Introduction

Lung cancer, a global healthcare concern, is the second most commonly diagnosed
type of malignancy and the leading cause of death in both males and females worldwide,
with a 5-year survival rate of less than 15% [1]. In 2020, there were almost 2.2 million newly
diagnosed cases of lung cancer and 1.8 million deaths related to it, making lung cancer
responsible for up to 13.8% of all cancer deaths [2,3]. Considering the above-mentioned
aspects, there is an increased need to identify efficient modalities for the early diagnosis
and proper management of lung cancer patients.

In 2010, the National Lung Screening Trial (NLST) mentioned a 20% reduction in
the mortality associated with lung cancer for high-risk patients screened with low-dose
computed tomography (CT) scans. However, the same trial stated that the rate of over-
diagnosis using CT scans was up to 18%, raising awareness about the associated radiation-
exposure risks and increased anxiety in patients unnecessarily screened multiple times [4].
In addition to CT scans, a new technique that does not use ionizing radiation has emerged in
recent years as an alternative to CT scans, particularly for pregnant women and the pediatric
population [5]. Studies showed that MRI can be used as a potentially effective screening tool
for lung cancer patients, which is similar to a low-dose CT scan (LDCT) but with decreased
false-positive rates and no radiation exposure. In addition, magnetic resonance imaging
(MRI) might be used to identify imaging-derived biomarkers that could stratify lung cancer
patients according to the associated risk. In particular, diffusion-weighted imaging (DWI)
reflecting tumor cellularity allows for the calculation of the apparent diffusion coefficient
(ADC), a quantitative measure of tissue diffusivity that has been used to differentiate lung
cancer subtypes. Although multiple challenges must be addressed before integrating MRI
into routine clinical practice, it has been proposed as a useful and important tool for the
early diagnosis of lung cancer patients, without the associated risks of ionizing radiation
exposure encountered in CT scans [6].

Histology has been proposed as a potential prognostic factor in lung cancer patients,
as different histologic types of lung cancer have distinct characteristics. These characteris-
tics influence chemotherapeutic drugs’ transport, metabolization, bioactivation, and the
predicted response to different treatment regimens [7,8]. Still, until now, there has been no
agreement regarding the precise impact of histology on cancer-associated inflammation.

Histologically, lung cancer can be classified into small-cell lung carcinoma (SCLC),
diagnosed in up to 10-15% of cases, and non-small cell lung carcinoma (NSCLC), the most
frequent histologic type, diagnosed in up to 80-85% of cases. NSCLC can be further classi-
fied into three main histologic subtypes with different characteristics: lung squamous cell
carcinoma (SCC), large cell carcinoma (LCC), and adenocarcinoma (AdC) [3]. Squamous
cell carcinoma originates from the bronchial epithelium of the central larger airways. It
follows a multistep development pathway, from preinvasive squamous metaplasia to squa-
mous dysplasia and, in the end, carcinoma in situ (CIS) [9,10]. The pathophysiology of these
neoplastic alterations involves numerous molecular changes, like the deregulation of cell
proliferation (cyclin E and D1), apoptosis (Bcl-2), and the loss of heterozygosity at the 3p21
and p 53 mutation [11,12]. Adenocarcinomas, the most frequent NSCLC subtype, are more
peripheric tumors originating from the alveolar or bronchiolar epithelium [11]. Adeno-
carcinomas also follow a multistep development, from atypical adenomatous hyperplasia
(AAH) to adenocarcinoma in situ (AIS) [10]. The molecular alterations of adenocarcinomas
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are not as well defined as those encountered in squamous cell carcinoma. For smokers,
alterations in v-Ki-ras2 Kirsten Rat Sarcoma viral oncogene (KRAS) signaling pathways
are cited, while for non-smokers, alterations in epidermal growth factor receptor (EGFR)
pathways are encountered [11]. Large cell carcinoma (LCC) is the least commonly en-
countered among the leading three histologic types of NSCLC and has no well-defined
criteria for diagnosis. LCC accounts for 3% of all lung cancer cases and is frequently large,
partially with associated necrosis, and composed of nests and sheets of large cells with
prominent nucleoli. In addition to the main three NSCLC histologic subtypes, adenosqua-
mous carcinoma is also mentioned. It can be diagnosed with certainty only in surgically
resected fragments of the tumor and represents less than 5% of all lung cancers [13,14]. It
comprises at least 10% of glandular and squamous differentiation [8]. Regarding SCLC,
studies enunciated that it usually surpasses the multistep pathway and originates directly
from an epithelial structure with minimal atypia, with genetic alterations being cited as
one of the main pathophysiological explanations [11,15].

Diagnosed most often in late advanced stages (stages III and IV), lung cancer patients
have a poor prognosis and a decreased overall survival rate. In recent years, a link between
the process of carcinogenesis, tumor proliferation, dissemination, and associated local and
systemic inflammation has been highlighted [16]. Persistent chronic inflammation leads to
regional changes in the tumor immune microenvironment (TIME) and to systemic effects
like the increased production of cytokines (interleukin-6 (IL-6)), interleukin-1 (IL-1), the
macrophage colony-stimulating factor, an impaired cellular division rate, DNA damage, an
increased cell apoptosis and angiogenesis [16-18]. Moreover, up to 15% of cancer-related
mortality is directly linked to unresolved, persistent chronic inflammation [19].

In light of these aspects, as there is an increased need for a better understanding of
the inflammatory response associated with NSCLC and SCLC, biomarkers might represent
an important direction. Biomarkers provide an essential overview of the patient’s tumor
characteristics, general and nutritional status, and potential response to therapeutic inter-
ventions [20]. In addition, identifying cost-efficient lung cancer biomarkers can improve
patients” early detection and risk classification.

Hematological parameters are non-invasive and accessible tools that can assess the
patient’s immune status, identify high-risk mortality patients, and evaluate cancer prog-
nosis [21]. The complete blood count (CBC), a routinely inexpensive investigation, can
detect hematological parameters that assess the degree of associated inflammation and
have a good predictive value for the outcome of cancer patients. Considering the com-
plexity of immune reactions and cancer-associated inflammatory changes, a single indi-
cator might not be enough to properly evaluate the associated inflammatory response in
cancer patients [22].

In recent years, a number of studies have addressed the importance of inflammatory
biomarkers for lung cancer patients” prognosis. A study published by Winther-Larsen
et al. in 2022 highlighted that the use of the Aarhus composite biomarker score (ACBS),
which includes albumin, C-reactive protein, neutrophil counts, lymphocyte counts, and
hemoglobin, was the optimal score to be used in NSCLC patients, while in SCLC patients,
the modified Glasgow Prognostic Score (mGPS) and Combined NLR and Glasgow Prog-
nostic Score (CNG) were significant [23]. A study published by Rice et al. in 2021 cited
that NSCLC patients had significantly higher levels of systemic inflammation markers,
such as NLR, the platelet-to-lymphocyte ratio (PLR), and the systemic inflammation index
(SII), compared to SCLC patients. Elevated levels of these markers were associated with
a worse progression-free survival (PFS) and overall survival (OS) in NSCLC but not in
SCLC [24]. In addition, methylation-derived NLR (mdNLR) has been associated with a
higher mortality in SCLC but not in NSCLC [25].
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In addition, as stated before, histology seems to play a crucial role in the appropriate
management of lung cancer patients, as different histologic types have unique characteris-
tics that may highly impact the clinical outcome of lung cancer patients. Therefore, this
study aimed to assess the relationship between the histological subtypes of both NSCLC
and SCLC with nine CBC-derived inflammatory parameters at the time of the initial diag-
nosis and their use as predictors of severity for each histologic subtype. We looked into
common and distinct aspects of the inflammatory response encountered in different histo-
logic subtypes of lung cancer to identify the best predictors of severity for each histologic
type of SCLC and NSCLC. Although the importance of inflammatory biomarkers was
addressed, as stated before, by previous researchers, the main strength of the current study
is based on the important relationship between the variations in different CBC-derived
inflammatory biomarkers and their use as severity predictors and the histological subtypes
of lung cancer encountered in our study population.

Nowadays, in the era of personalized medicine, identifying and using accessible
predictive biomarkers reflecting histological changes can highly personalize the patients’
clinical approach and influence the therapeutic strategies, risk classification, and overall
prognosis of this highly deadly condition.

2. Materials and Methods
2.1. Data Sources and Patients Included in the Study

We conducted a retrospective descriptive study, including 202 patients diagnosed
with lung carcinoma between 1 January 2019 and 31 December 2023 at the Clinical County
Hospital Mures, Targu Mures, Romania.

The inclusion criteria were as follows: (1) a histopathological diagnosis of lung carci-
noma, (2) available selected laboratory data for analysis, (3) patients aged > 18 years old,
(4) patients without associated active infections at the time of diagnosis, and (5) patients
without other associated malignancies at the time of diagnosis.

The exclusion criteria included the following: (1) patients without a histopathological
confirmation of the diagnosis of lung carcinoma, (2) patients without the selected laboratory
data needed for analysis, (3) patients aged < 18 years old, (4) patients with associated
active infections at the time of diagnosis, and (5) patients with other associated malignant
disorders at the time of diagnosis.

This study was performed according to the Declaration of Helsinki, which was ap-
proved by the Ethics Committee of the Clinical County Hospital Mures (approval 20419/
15 December 2023).

2.2. Definition of Analyzed Parameters
The analyzed parameters included the following;:

e  The histological type of lung carcinoma: NSCLC (adenocarcinoma, squamous cell

carcinoma, adenosquamous carcinoma, and NSCLC not otherwise specified (NOS))
and SCLC.
Biopsies are needed to identify the histological type of the tumor. In our study group,
tissue biopsies were performed, as described below. The primary method used was
the transbronchial biopsy (TBLB), using a flexible bronchoscope via the transoral route
for central tumors. For tumors that could not be accessed with the aid of bronchoscopy,
a percutaneous transthoracic lung biopsy (PTLB), in which a needle was inserted
through the patient’s chest wall with the assistance of CT guidance in the suspected
area, was also performed for our study population.

e  The stage of the tumor at diagnosis: The patients’ tumoral stage at diagnosis was
established taking into consideration the TNM classification of malignant tumors,
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where T describes the primary tumor site and size, N describes the involvement of
the regional lymph nodes, and M describes the presence of distant metastasis. The
8th edition of the TNM grading system was used for the proper tumor staging of the
study population, as it is the latest version published in the scientific literature and
provides the best characterization of the tumor staging [26].

Parameters derived from the complete blood count (CBC) of the patients (neutrophils
count, lymphocytes count, leucocytes count, monocytes count, platelets count, and
eosinophils count)

The following CBC-derived inflammatory indexes: Neutrophil-to-lymphocyte ratio
(NLR); derived neutrophil-to-lymphocyte ratio (d-NLR); monocyte-to-lymphocyte
ratio (MLR); platelet-to-lymphocyte ratio (PLR); eosinophil-to-neutrophil ratio (ENR);
eosinophil-to-monocyte ratio (EMR); systemic inflammatory index (SII); systemic
inflammatory response index (SIRI); and aggregate index of systemic inflammation
(AISI). The detailed formulas of the included CBC-derived inflammatory indexes are
displayed in Table 1.

Data regarding the living environment (urban/rural), the gender, the age of the
patients at diagnosis, exposure to tobacco smoke, and the presence of COPD as a
comorbidity for the current disease

BMI was calculated using the following formula: BMI = kg/m?. Based on BMI,
patients were classified as underweight (BMI < 18.5 kg/m?), normal weight (BMI
between 18.5 and 24.99 kg/m?), overweight (BMI between 25 and 29.99 kg/m?), grade
I obesity (BMI between 30 and 34.99 kg/m?), grade II obesity (BMI between 35 and
39.99 kg/m?), and grade III obesity (BMI > 40 kg/m?).

Table 1. The formula of the analyzed CBC-derived parameters.

Parameter Formula
Neutrophil-to-lymphocyte ratio (NLR) Neutrophil count/lymphocyte count [ x 103 /uL] [1]
Derived-neutrophil-to-lymphocyte ratio (d-NLR) Neutrophil count/(WBC — neutrophil count) [x 103/uL] [27]

Monocyte-to-lymphocyte ratio (MLR) Monocyte count/lymphocyte count [ 103 /uL] [27]
Platelet-to-lymphocyte ratio (PLR) Platelet count/lymphocyte count [ x 103 /uL] [1]
Eosinophil-to-neutrophil ratio (ENR) Eosinophil count/neutrophil count [x10%/uL] [28]
Eosinophil-to-monocyte ratio (EMR) Eosinophil count/monocyte count [x10%/uL] [29]

Systemic inflammatory index (SII)

(Neutrophil count x platelet count)/lymphocyte count
[x10°/uL] [19]

Systemic inflammatory response index (SIRI)

(Neutrophil count x monocyte count)/lymphocyte count
[x10%/uL] [27]

Aggregate index of systemic inflammation (AISI)

(Neutrophil count x monocyte count x platelet
count)/lymphocyte count [ x 103/uL] [30]

2.3. Statistical Analysis of Data

The statistical analysis was performed using the MedCalc software, version 23.0.2.

Data are expressed as mean =+ standard deviation for parametric data and as median

with a 95% confidence interval for non-parametric data. Normality was tested using the

Shapiro-Wilk test. Logarithmic ANOVA was used to compare groups, with a subsequent

post hoc Dunn—Bonferroni test, when applicable.

Spearman’s rank correlation was used for non-parametric data, and Pearson’s correla-

tion was used for normally distributed data when appropriate.
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Logistic and multiple regressions were conducted to identify independent predictors.
A p-value of 0.05 was considered statistically significant.

3. Results
3.1. General Characteristics of the Study Population

After applying the inclusion and exclusion criteria, 202 patients were included in the
final study. Most of the included patients were males (74.25%), living in a rural environment
(58.42%). The mean age at diagnosis was 66.62 & 9.14 years old.

Table 2 presents the detailed characteristics of the study population.

Table 2. General characteristics of the study population.

Parameters N (Absolute Count) N (Percentage %)
ALL N = 202 patients
AGE—mean: 66.62 + 8.34

<50 years 4 1.98%
50-59 years 37 18.32%
60-69 years 83 41.09%
70-79 years 71 35.15%

>80 years 7 3.46%

Gender
MALE 150 74.25%
FEMALE 52 25.75%
Living environment

RURAL 118 58.42%

URBAN 84 41.58%
BMI—a median of numeric values (when available): 24 [23.328-24.653]

<185 36 17.82%
18.5-24.99 105 51.98%

25-29.99 39 19.30%

30-34.99 14 6.94%

35-39.99 6 2.97%

>40 2 0.99%
Associated COPD
YES 81 40.1%
NO 121 59.9%
Smoking
YES 175 86.63%
NO 27 13.37%

In addition, as Figure 1 depicts, most patients were of normal weight (51.98%). 86.63%
of patients were active smokers, and 40.1% of them had an associated diagnosis of COPD,
the most common comorbidity encountered in our study.
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BMI distribution

Underweight
Normal weight
Overweight
Grade | obesity

Grade Il obesity

Grade Ill obesity

o
N
o

40 60 80 100 120

B Number of patients

Figure 1. BMI distribution of cancer patients.

3.2. Histological Types of Lung Carcinoma and Stage at Diagnosis

Figure 2 shows the histological classification of the included patients. Of the
202 patients included in the study, 27 were diagnosed with SCLC and 175 with NSCLC. In
addition, from the total of 175 patients diagnosed with NSCLC, 95 were diagnosed with
adenocarcinoma, 62 with squamous carcinoma, 14 with Not Otherwise Specified NSCLC
(NOS-NSCLC), and 4 with adenosquamous lung carcinoma.

Histological type

= NSCLC-adenocarcinoma m NSCLC-squamous cell carcinoma
m NSCLC-Adenosquamous carcinoma m NSCLC-NOS
n SCLC

Figure 2. The histological type of lung carcinoma.
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Figure 3 presents the tumor stage at the time of the initial diagnosis. Of the 202 patients
included in the study, 3 were diagnosed in stage I, 8 in stage II, 72 in stage III, and 119
in stage IV. The stage at diagnosis was established based on the eighth edition of the
TNM system.

Stage at diagnosis

m Stage| = Stagell mStagelll m StagelV

Figure 3. Tumor stage at diagnosis.

In addition, Figure 4 provides detailed data regarding the relationship between the
tumor stage at diagnosis and its histological type in all 202 patients included.

Distribution of patients based on the histological type
70 of lung carcinoma and the stage at diagnosis
60
50
40
30

20
10
0 = | — — — .

| Stageél W Stage 2 MW Stage 3 Stage 4

Figure 4. Distribution of patients based on histological type of lung carcinoma and stage at diagnosis.

3.3. CBC-Derived Predictors of Severity in Lung Cancer

A multivariate regression was performed to identify the independent predicting
factors of severity for all the histologic subtypes of lung cancer included in this study.

The first step was to identify the factors that predicted the severity of the two main
histologic lung carcinoma types: NSCLC and SCLC.

For NSCLC patients, the leukocyte count (p = 0.01), the neutrophil count (p = 0.011),
and male gender (p = 0.014) were found to be significant predictors of severity, while for
SCLC patients many more parameters were identified. Male gender (p = 0.0002), COPD
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(p = 0.0001), abnormal levels of four cellular lines, and seven CBC-derived inflammatory
indexes could predict severity in SCLC patients. Among the included inflammatory
markers, AISI (p < 0.0001), SII (p < 0.0001), SIRI (p < 0.0001), d-NLR (p < 0.001), EMR
(p =0.004), ENR (p = 0.004), and MLR (p = 0.001) reached the statistical relevance as severity
predictors in SCLC patients.

The differences between the different predictors of severity between NSCLC and SCLC
patients are summarized in Figure 5.

NSCLC predictors of severity

e Leukocyte count
e Neutrophil count
*Male gender

SCLC predictors of severity

¢ Leukocyte count
e Neutrophil count
*Male gender

e Lymphocyte count
¢ Platelets count

e AlSI

oSlI

*SIRI

ed-NLR

*EMR

*ENR

*MLR

¢COPD

Figure 5. Predictors of severity for both NSCLC and SCLC patients.

The second step of the study was to perform the multivariate regression for the differ-
ent histologic subtypes of NSCLC, with the final goal of identifying both similarities and
differences between the inflammatory response encountered in squamous cell carcinoma,
adenocarcinoma, adenosquamous carcinoma, and NOS-NSCLC.

The results showed that inflammation varies according to the histologic subtype of
NSCLC. The results can be consulted in Figure 6, which presents the differences between
the predictors of severity in the two main histologic subtypes of NSCLC.

NSCLC-Squamous

Aden’\olig.g;oma cell carcinoma
SIRI ENR
d-NLR d-NLR
Leukocyte
A count
Neutrophil
count

Figure 6. Differences between predictors of severity in adenocarcinoma and squamous cell carci-
noma patients.
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For adenocarcinoma patients, SIRI (p = 0.005), d-NLR (p = 0.039), and the patient’s age
(p: 0.004) were significant predictors of severity.

For patients diagnosed with squamous cell carcinoma, d-NLR (p = 0.02) was also
found to predict severity, in addition to ENR (p = 0.004), the leukocyte count (p = 0.03), and
the neutrophil count (p = 0.01).

To better understand the detailed predictors of severity in NSCLC and SCLC patients,
we summarized the results and their associated statistical significance in Table 3.

Table 3. Predictors of severity for SCLC and NSCLC patients.

Factor p-Value 95% CI logOR Overall Predictive Value
NSCLC patients
Leukocyte count 0.01 0.004632-0.03408 0.019
Neutrophil count 0.011 0.003436-0.02620 0.014 p =0.0034
Male gender 0.014 0.02728-0.2383 0.13
NSCLC-Adenocarcinoma
SIRI 0.005 0.06960-0.01266 —0.04
d-NLR 0.039 0.003848-0.1457 0.074 p = 0.0004
Age 0.004 0.03392-0.006669 —0.02
Squamous cell carcinoma
d-NLR 0.02 0.01410-0.1869 0.1
ENR 0.0004 —9.3075--1.7811 —-55 p= 0.0441
Leukocyte count 0.03 0.01301-0.2771 0.15
Neutrophil count 0.013 —0.3996-—0.05337 —0.23
SCLC
AISI <0.0001 —0.002430-0.001229 —0.00183
SII <0.0001 0.001185-0.002034 0.00161
SIRI <0.0001 0.5917-1.1510 0.8713
d-NLR <0.001 —1.3360-—0.7728 —1.0544
EMR 0.004 0.9183-3.8487 2.3835
ENR 0.004 —48.5515-—11.9517 —30.25
MLR 0.001 —8.1070-—2.7492 —5.4281 p =0.0001
CcOorbD 0.0001 —1.0162——-0.4747 —0.7454
Male gender 0.0002 —0.8465-—0.3574 —0.602
Leukocyte count <0.001 0.3202-0.5954 0.4578
Lymphocyte count 0.0007 —1.2249-—0.4424 —0.8336
Neutrophil count <0.001 —0.6009-—0.3776 —0.4892
Platelets count 0.042 B 000%%%2762113 —0.00167

3.4. A Summary of Correlations Found Between the CBC-Derived Inflammatory Markers, the
Stage of the Tumor, and the General Characteristics of the Patients

The final step of the study was to test for correlations between the CBC-derived
inflammatory parameters of the included patients, the stage of the tumor at diagnosis, and
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the general characteristics of the study population (age, gender, BMI, living area, smoking,
and COPD) for each histological subtype.
The results showed multiple statistically significant results for both NSCLC and SCLC

patients, which are detailed in Table 4.

Table 4. Significant correlations between the histological subtypes of lung cancer, CBC-derived

inflammatory markers, and general characteristics of the patients.

NSCLC-Adenocarcinoma

Parameter Correlation p-Value Correlation Coefficient
SII Smoking p =0.0328 0.219
d-NLR Smoking p =0.0127 0.255
PLR Stage p =0.0266 0.227
Age Gender p =0.0037 0.295
Stage p = 0.0096 —0.264
Gender Age p = 0.0037 0.295
Stage PLR p = 0.0266 0.227
Age p = 0.0096 —0.264
BMI Platelets p =0.0268 —0.228
COorD p =0.0425 0.209
Smoking d-NLR p =0.0127 0.255
NLR p =0.0443 0.207
SII p =0.0328 0.219
CcorD Smoking p = 0.0425 0.209
NSCLC-Squamous cell carcinoma
COPrD p =0.0301 0.273
BMI d-NLR p = 0.0382 —0.262
Smoking None - -
COPD BMI p =0.0301 0.273
NSCLC-Adenosquamous carcinoma
Gender Living environment p <0.0001 1
Smoking None - -
COPD None - -
Living environment Gender p < 0.0001 1
NSCLC-NOS
Gender Smoking p =0.0075 0.679
BMI SII p =0.0425 —0.548
Smoking Gender p =0.0075 0.679
COPD None - -
SCLC
Gender Smoking p=0.0413 0.395
Smoking Gender p =0.0413 0.395
COPD None - -
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As presented in Table 4, in patients diagnosed with adenocarcinoma, the PLR levels
were positively correlated with the stage of the disease at diagnosis (p = 0.0266). At
the same time, we found a negative association between the platelet count and BMI
(p = 0.0268). In addition, for adenocarcinoma patients, active smoking was correlated
with an increased risk of COPD (p = 0.0425) and an increased inflammatory status, as the
d-NLR (p = 0.0127), NLR (p = 0.0443) and SII levels (p = 0.0328) were all higher in smokers
compared to non-smokers.

In squamous cell carcinoma patients, we found a positive correlation between the BMI
and COPD (p = 0.0301) and a negative one between the BMI and d-NLR (p = 0.0382) levels.

For patients diagnosed with NSCLC-NOS, male gender was correlated with smoking
(p = 0.0075). At the same time, a negative correlation between the BMI and SII levels was
depicted (p = 0.0425).

For SCLC patients, smoking was found to be associated with male gender (p = 0.0413).

4. Discussion

The discovery of effective, inexpensive, and easily achievable biomarkers for the early
identification of high-risk lung cancer patients represents a key point in the management
of this highly deadly condition.

High levels of CBC-derived inflammatory indexes were associated with an increased
risk of developing chronic pathologies, including peritoneal dialysis-associated peritoni-
tis [31]. They were also cited as potential predictors for NSCLC and other malignancies,
as inflammation plays an essential part in tumor progression and is one of the hallmarks
of cancer [27].

As presented in Table 4, the current study confirmed that CBC-derived inflammatory
indexes, along with some key cellular line alterations, act as severity predictors in both
SCLC and NSCLC patients. We identified similarities and differences between the inflam-
matory response of SCLC and NSCLC patients, the main one being related to the highly
increased number of CBC-derived inflammatory indexes encountered in SCLC patients
compared to NSCLC patients.

The results of our study are supported by previous findings, as NLR, d-NLR, PLR,
and SII were identified to be associated with an increased risk of developing solid
cancers [21,32-35]. High NLR and PLR levels were cited as potential predictors for the
prognosis and overall survival in multiple malignancies, like melanoma, renal cell carci-
noma, gastric cancer, and NSCLC [36-39]. A study published by Cupp et al. in 2020 linked
high NLR levels with a worse prognosis for cancer patients [40], while Liu et al. stated that
low NLR and PLR values in NSCLC patients were correlated with better outcomes [21]. In
addition, elevated NLR levels were associated with a worse overall survival in both NSCLC
and SCLC [23]. A study published by Wuhao Huang et al. in 2018 also mentioned that the
combination of NLR levels and preoperative fibrinogen can act as an independent prognos-
tic indicator for disease-free survival (DFS) and OS in resectable NSCLC [41]. Furthermore,
the use of d-NLR for the improvement of the clinical outcome of lung cancer patients was
also addressed by Kuang et al. in 2024, who stated that d-NLR has been shown to act as a
predictive biomarker for assessing the effects of therapies for SCLC patients. Their results
showed that lower d-NLR levels were associated with a better response to immunotherapy
regimens [42]. In addition, NLR can also be estimated using DNA methylation data as
methylation-derived NLR (mdNLR). This topic was explored by Zhao et al. in 2021 in their
study, as they explored the association between mdNLR and lung cancer risk. Their results
showed that in NSCLC patients, for one standard deviation increase in mdNLR levels, the
risk of dying from lung cancer increased by 50%, while the risk of developing NSCLC also
increased by 47% for the same increase in the standard deviation [43].
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In regard to the MLR levels, they were cited as independent predictive biomarkers in
patients with surgically treated lung cancer [44].

In addition, the histologic characteristics of tumors might impact the clinical manage-
ment of cancer patients, as histology can guide treatment and predict the prognosis based
on associated risk factors and genetic disorders.

The topic of histology in lung cancer prognosis is still understudied and remains an
essential part of the carcinogenesis processes. Hirsch et al. performed extensive litera-
ture research to assess histology’s prognostic or predictive value in lung cancer patients.
Findings showed that histology may influence the efficacy of different chemotherapeutic
regimens, as adenocarcinoma patients treated with EGFR tyrosine kinase inhibitors were
shown to have better disease control and treatment response rates than patients diagnosed
with squamous cell carcinoma or other non-adenocarcinoma subtypes [45]. The topic
was also addressed by Hoang et al., who assessed the relationship between the histologic
subtypes of NSCLC and the survival rates of patients treated with platin-based chemother-
apeutic drugs [46]. Their results showed no difference regarding the survival, performance
status, or the degree of weight loss among the four histology groups assessed in the study
(adenocarcinoma, squamous cell carcinoma, NOS, and large cell carcinoma). Additional
studies showed that adenocarcinoma was associated with superior response rates, disease
control rates, progression-free survival, and survival in patients with advanced NSCLC.
In contrast, squamous cell carcinoma was associated with a shorter survival in NSCLC
patients treated with cisplatin [45].

Although inflammation and histology are essential findings in the development of
malignant processes, we still lack information regarding histology’s impact on the patient’s
inflammatory status. Therefore, this study was designed to identify those specific CBC-
derived inflammatory biomarkers that can be used as independent predictors of severity,
considering the histology of lung carcinoma. The main goal was to acknowledge common
and distinct characteristics of tumor-induced inflammation in the major histologic types of
NSCLC and SCLC and relevant correlations between histology findings and the included
patients” general and inflammatory factors.

Based on our findings, the histologic type of lung cancer may influence the inflamma-
tory response in lung cancer patients by impacting different cellular lines and inflamma-
tory indexes. On one hand, when comparing the CBC-derived inflammatory parameters
that can serve as predictors of severity in NSCLC and SCLC patients, we observed that
the leukocyte count and neutrophil count were common predictors of severity in these
two major histologic subtypes of lung cancer. On the other hand, in SCLC patients, the
number of CBC-derived inflammatory indexes that could predict severity was much higher
than in NSCLC patients, as AISI, SII, SIRI, d-NLR, EMR, ENR, and MLR were also identified
as predictors of severity. In addition, the leukocytes, neutrophils, lymphocytes, and platelet
count could predict the severity of lung cancer patients diagnosed with SCLC, similarly to
an associated diagnosis of COPD. Previous studies support our results up to a certain point,
as the relationship between cancer and different cellular lines is considered an emerging
direction in carcinogenesis. Virchow was the first scientist to notice leukocytes within
the tumors [47]. Besides leukocytes, multiple cellular lines were proposed in recent years
as essential in cancer progression. The number of leukocytes, neutrophils, platelets, and
lymphocytes varies during the process of tumoral growth and lysis, due to the associated
secretion of cytokines [48,49].

Eosinophils have been cited as promising cells in cancer progression and prognosis.
The influence of the eosinophil count in lung cancer patients needs to be further studied, as
eosinophils might play a key role in the inflammation associated with malignant tumors.
Distinct data regarding the role of eosinophils in the prognosis of cancer patients are found
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in the literature, as recent studies have linked eosinophils with both immunoinhibitory and
immunostimulatory functions in tumor development [50]. Until now, studies have explored
the link between eosinophils and NSCLC, but few have reported the association between
eosinophils and SCLC. Studies conducted by Ownby et al. and Prizment et al. linked a
high eosinophil count with a better prognosis for cancer patients [51,52]. Interestingly, the
current study did not find a correlation between eosinophils and NSCLC but rather between
eosinophils and their impact on SCLC severity. We observed that the EMR and ENR levels
are predictors of severity in SCLC patients and are not associated with NSCLC severity.
This suggests that eosinophil variations might be involved in the augmented inflammatory
response encountered in SCLC patients. Further studies are needed to confirm the exact
relationship between the eosinophil count, eosinophil-derived inflammatory indexes, and
their involvement in cancer pathogenesis.

The current study revealed key points regarding the different inflammatory responses
encountered in the two major histologic types of lung cancer. Inflammation might play an
essential role in the poorer outcomes of patients with SCLC, as multiple cellular lines and
inflammatory indexes were described as predictors of severity in this histologic type of
lung carcinoma compared with NSCLC.

The number of patients diagnosed with NSCLC was much higher compared to the
SCLC ones. NSCLC is diagnosed about nine times more frequently than SCLC [53,54]. In
our study, the number of patients diagnosed with NSCLC was approximately 6.5 times
higher than those diagnosed with SCLC, supporting that NSCLC is much more frequently
diagnosed than SCLC. It is known that patients with a diagnosis of SCLC have higher
mortality rates, a risk of metastasis, a decreased quality of life, and a decreased survival
rate. Based on our findings, increased inflammation could explain the difference in the
prognosis between SCLC and NSCLC patients, as increased inflammation is associated
with worse survival and overall prognosis [54].

In addition, lung cancer outcomes could be influenced by gender, as studies showed
that women might have an increased survival rate compared to men, mainly due to the
higher tobacco exposure in men. A study published by Visbal et al. estimated a 5-year
survival rate of 15% in men and 19% in women diagnosed with SCLC [55]. Our study
confirms these findings, as male gender was identified to be a predictor of severity in both
NSCLC and SCLC patients.

As the histologic type of lung cancer might impact the patient’s outcome, the current
study aimed to assess relevant inflammation-based variations encountered between the
histologic subtypes of NSCLC to better assess NSCLC patients. Results showed that d-NLR
could predict severity in both adenocarcinoma and squamous cell carcinoma patients. In
addition, for adenocarcinoma patients, SIRI and an older age at diagnosis acted as specific
predictors of severity. At the same time, in squamous cell carcinoma, ENR, the leukocyte
count, and the neutrophil count were identified as particular predictors of severity. Our
findings showed that although adenocarcinoma and squamous cell carcinoma are both
NSCLC tumors and share some standard histologic features, they are, in fact, driven by
a different tumor-associated inflammatory response. Understanding these differences
in terms of inflammatory variations might guide the clinical approach for patients and
provide specific therapies, taking into account the particular characteristics of the tumor
microenvironment. These might represent key findings for improving the quality of life
and, ultimately, the overall prognosis of lung cancer patients.

The relationship between the BMI and lung cancer prognosis is still under debate.
Previous studies reported that a higher BMI (>25 kg/m?) is associated with a better long-
term survival and might act as an independent predictor of better treatment outcomes and
a lower risk of developing lung cancer [44,56-61]. In contrast, other studies mentioned
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that obesity might increase the risk of being diagnosed with lung adenocarcinoma [62]. In
addition, obesity might contribute to chronic inflammation and promote cancer progres-
sion [63]. Surprisingly, our study identified a negative correlation between the patients’
BMI and platelet number in adenocarcinoma patients (p = 0.0268), BMI and d-NLR levels
in squamous cell carcinoma (p = 0.0382), and BMI and SII levels in NSCLC-NOS patients
(p = 0.0425). These findings might suggest that a higher BMI could be linked with a de-
creased inflammatory response in NSCLC patients, with obesity acting up to a certain point
as a protective factor regarding the inflammatory response associated with some histologic
types of NSCLC. These findings are consistent with the latest term of the “obesity paradox”,
as obesity might partially act as a protective factor that lowers the risk of recurrence and
death in lung cancer patients [64]. Increased adipose tissue might lead to an increased
secretion of anti-inflammatory substances, like adipokines with immunomodulatory prop-
erties [65]. In addition, obese patients can better tolerate cancer treatments and, therefore,
up to a certain point, will have an improved prognosis [66]. More research is needed to fully
understand the involvement of adipose tissue in regulating the inflammatory response in
lung cancer patients, especially with an increased focus on histologic types, specific cellular
lines, and CBC-derived inflammatory parameters.

It is known that smoking increases the risk of lung cancer, causing inflammation,
cellular destruction, and decreased blood flow. Oxidative stress with high levels of reactive
oxygen species (ROS) can lead to mucus hypersecretion, lung inflammation, the inactivation
of anti-protease, DNA damage, and the induction of carcinogenesis [67]. In the current
study, 86.63% of patients were active smokers, and 40.1% of the study population had COPD
as the main comorbidity. Our study showed that smoking was associated with increased
inflammatory changes only in adenocarcinoma patients, as the d-NLR (p = 0.0127), NLR
(p = 0.0443), and SII (p = 0.0328) levels were higher in smoker adenocarcinoma patients. In
squamous cell carcinoma and adenosquamous carcinoma, no correlation between smoking
and any inflammatory parameters was found, while in NSCLC-NOS and SCLC patients,
smoking was associated with male gender (p = 0.0075). These findings might suggest
that although smoking induces local and systemic inflammatory changes, there are still
unknown factors that link inflammation and cigarette smoking, with histology being one
of them. Our findings differ from data found in the literature, as previous studies reported
that the strongest association with smoking was found in squamous cell carcinoma [45], a
hypothesis disproved by the current research.

Regarding COPD, it was found to be an independent predictive factor for severity in
SCLC patients. Interestingly, COPD was not found to predict severity in NSCLC patients
in general or in squamous cell carcinoma or adenocarcinoma patients precisely. On the
other hand, COPD was positively associated with smoking in adenocarcinoma patients
(p = 0.0425) and with a higher BMI in squamous cell carcinoma patients (p = 0.0301), raising
awareness about the combination of COPD, obesity, and smoking and its predictive value
for lung severity. The combination of COPD and smoking increases the mortality rates
among lung cancer patients, as the co-existence of both COPD and cancer is ten times higher
in smokers than in non-smokers. Analyzing relevant data from the literature, we found
that the relationship between COPD and lung cancer is still under debate, with tobacco
exposure, DNA damage, genetic abnormalities, and inflammatory changes cited as the
main common pathophysiological factors involved in this process [66,67]. In addition, free
radicals lead to the activation of intracellular signals and promote angiogenesis and mitosis,
leading to an inflammatory-induced uncontrolled cellular and vascular proliferation of
the tumor [3].

From our knowledge, this is the first study in which nine CBC-derived inflammatory
indexes were analyzed and correlated with the histological subtype of lung carcinoma and
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other general data about the patient. The present study demonstrates key points regarding
the different CBC-derived inflammatory predictors of severity and the histologic subtypes
of lung cancer, raising awareness about the importance of histology and inflammation in
properly assessing and managing cancer patients. Our research aims to be one of the first
steps needed for a better understanding of the complexity of immune interactions between
different cellular lines and inflammatory parameters derived from the CBCs of patients.
The key to improving treatment regimes and the overall prognosis in lung cancer patients
might be related to the development of personalized medicine, target immunotherapy,
and the early identification of high-risk patients. In this manner, patients could receive
better treatments, reducing side effects and overall therapy costs. Nowadays, increased
efforts are being made towards the same goal: the earlier identification of high-risk patients.
Therefore, a recent study published by Wang et al. in 2024 proposed an interesting topic
for diagnosing lung cancer relapse. They discussed the concept of the folate receptor-
positive (FR*) circulating tumor cell count (CTC) in the progression of lung cancer patients.
Circulating tumor cells are cells released into the peripheral blood of the patient, either
from the primary tumor itself or from metastatic points. In addition, tumor cells need
high amounts of folic acid during their DNA synthesis in order to properly proliferate.
Therefore, integrating these results into clinical practice could improve the clinical outcome
of this highly deadly condition. In addition, Wang et al. showed that using the combination
between the FR™-CTC combined with the dNLR and lymphocyte count (LC) could aid in
diagnosing relapse cases in lung cancer patients [68].

Nevertheless, this study has some limitations, starting with its retrospective nature.
We lack information regarding patient follow-up, since multiple patients chose to continue
their treatment regimes in other hospitals and cities. Without knowledge of these aspects,
it is challenging to outline definitive conclusions regarding the impact of inflammation
and histology on the overall survival of lung cancer patients. However, although several
studies have addressed the relationship between inflammation and overall prognosis, few,
so far, have addressed the complex interaction between easily achievable CBC-derived
inflammatory parameters, histologic characteristics, and their impact on lung cancer
patients’ prognosis.

Further extensive studies are needed to understand histology’s impact on the lung
cancer prognosis and therapeutic options, as assessing different inflammatory parameter
variations can lead to the development of personalized treatment regimens that target
specific abnormal cellular lines for each histologic type of SCLC and NSCLC. Characteristics
like immune cells, tumor infiltrative properties, the tumor microenvironment, angiogenesis,
and DNA damage play a crucial role in tumor progression and carcinogenesis in general.
The current study can be considered a pioneering study, as it enhances the idea that for
each specific histological type, different parameters influence the inflammatory response
and predict severity; therefore, these factors should be considered when managing both
NSCLC and SCLC patients.

We intend to strengthen the key findings proposed in this article with future prospec-
tive studies to validate the utility of these markers in predicting, alongside severity, the
treatment response and long-term outcomes.

5. Conclusions

As lung cancer remains a global health concern, with an increased rate of mortality, this
study aimed to be one of the first steps that integrated and compared the inflammation as-
sociated with different histologic subtypes of lung cancer, with the final goal of establishing
the complex relationship between chronic inflammation, histologic findings, and predicted
lung cancer severity. An early diagnosis and accessible predictive biomarkers, alongside an
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improved clinical, radiological, and pathophysiological understanding of the particularities
of each histologic subtype of lung cancer, represent emerging directions for improving the
outcomes of lung cancer patients. Integrating easily achievable CBC-derived parameters
into routine clinical workflows for lung cancer diagnosis and monitoring could improve the
clinical management of these high-risk patients, as well as their quality of life and overall
survival. In addition, the study of cellular lines, CBC-derived inflammatory indexes, and
their interactions with histology and the tumor microenvironment might identify high-risk
patients who primarily benefit from a personalized treatment and specific immunotherapy.
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Abbreviations

The following abbreviations are used in this manuscript:

CBC complete blood count

NLST National Lung Screening Trial

CT computed tomography

SCLC small-cell lung carcinoma

NSCLC  non-small cell lung carcinoma
SCCs lung squamous cell carcinoma
LCCs large cell carcinoma

AdCs adenocarcinoma

CIS carcinoma in situ

AAH atypical adenomatous hyperplasia
AIS adenocarcinoma in situ

KRAS Kirsten Rat Sarcoma viral oncogene
EGFR epidermal growth factor receptor
TIME tumor immune microenvironment
IL-6 Interleukin 6

IL-1 Interleukin 1

DNA deoxyribonucleic acid

NOS not-otherwise-specified carcinoma
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TNM Tumor, Node, Metastasis

NLR neutrophil-to-lymphocyte ratio

d-NLR derived neutrophil-to-lymphocyte ratio
MLR monocyte-to-lymphocyte ratio

PLR platelet-to-lymphocyte ratio

ENR eosinophil-to-neutrophil ratio

EMR eosinophil-to-monocyte ratio

SII systemic inflammatory index

SIRI systemic inflammatory response index
AISI aggregate index of systemic inflammation
COPD chronic obstructive pulmonary disorder
BMI body mass index

ROS reactive oxygen species

MRI magnetic resonance imaging

LDCT low-dose CT scan

ADC apparent diffusion coefficient

DWI diffusion-weighted imaging

ACBS Aarhus composite biomarker score
mGPS Modified Glasgow Prognostic Score
CNG Combined NLR and Glasgow Prognostic Score
PFS progression-free survival

0os overall survival

MdANLR  methylation-derived neutrophil-to-lymphocyte ratio

TBLB transbronchial biopsy
PTLB percutaneous transthoracic biopsy
FR* CTC folate receptor-positive circulating tumor cell count
LC lymphocyte count
References
1.  Mandaliya, H.; Jones, M.; Oldmeadow, C.; Nordman, L.I.C. Prognostic biomarkers in stage IV non-small cell lung cancer (NSCLC):

10.

Neutrophil to lymphocyte ratio (NLR), lymphocyte to monocyte ratio (LMR), platelet to lymphocyte ratio (PLR) and advanced
lung cancer inflammation index (ALI). Transl. Lung Cancer Res. 2019, 8, 886-894. [CrossRef] [PubMed]

da Costa, V.R.; Souza, O.F,; Teixeira, M.R.; Alievi, A.L.; Vigerelli, H.; Araldi, R.P. Inflammasomes driven inflammation in lung
cancer revisited: A short review. Explor. Immunol. 2023, 3, 70-81. [CrossRef]

Khusnurrokhman, G.; Wati, FF. Tumor-promoting inflammation in lung cancer: A literature review. Ann. Med. Surg. 2022,
79,104022. [CrossRef] [PubMed]

Gasparri, R.; Papale, M.; Sabalic, A.; Catalano, V.; Deleonardis, A.; De Luca, F; Ranieri, E.; Spaggiari, L. Circulating RKIP and
PRKIP in Early-Stage Lung Cancer: Results from a Pilot Study. . Clin. Med. 2024, 13, 5830. [CrossRef]

Hatabu, H.; Ohno, Y.; Gefter, W.B.; Parraga, G.; Madore, B.; Lee, K.S.; Altes, T.A.; Lynch, D.A.; Mayo, J.R.; Seo, ].B.; et al.
Expanding Applications of Pulmonary MRI in the Clinical Evaluation of Lung Disorders: Fleischner Society Position Paper.
Radiology 2020, 297, 286-301. [CrossRef]

Bak, S.H.; Kim, C.; Kim, C.H.; Ohno, Y.; Lee, H.Y. Magnetic resonance imaging for lung cancer: A state-of-the-art review. Precis.
Futur. Med. 2022, 6, 49-77. [CrossRef]

Monica, V.; Scagliotti, G.V.; Ceppi, P,; Righi, L.; Cambieri, A.; Iacono, M.L.; Saviozzi, S.; Volante, M.; Novello, S.; Papotti, M.
Differential Thymidylate Synthase Expression in Different Variants of Large-Cell Carcinoma of the Lung. Clin. Cancer Res. 2009,
15, 7547-7552. [CrossRef]

Ceppi, P; Volante, M.; Saviozzi, S.; Rapa, I.; Novello, S.; Cambieri, A.; lacono, M.L.; Cappia, S.; Papotti, M.; Scagliotti, G.V.
Squamous cell carcinoma of the lung compared with other histotypes shows higher messenger RNA and protein levels for
thymidylate synthase. Cancer 2006, 107, 1589-1596. [CrossRef]

Travis, W.D.; Brambilla, E.; Muller-Hermelink, H.K.; Harris, C.C. Pathology and Genetics of Tumours of the Lung, Pleura, Thymus and
Heart. WHO/IASLC Classification of Lung and Pleural Tumours; IARC Press: Lyon, France, 2004.

Travis, W.D.; Brambilla, E.; Noguchi, M.; Nicholson, A.G.; Geisinger, K.R.; Yatabe, Y.; Yankelewitz, D. International Association for
the Study of Lung Cancer/ American Thoracic Society /European Respiratory Society International Multidisciplinary Classification
of Lung Adenocarcinoma. J. Thorac. Oncol. 2011, 6, 244-285. [CrossRef]


https://doi.org/10.21037/tlcr.2019.11.16
https://www.ncbi.nlm.nih.gov/pubmed/32010567
https://doi.org/10.37349/ei.2023.00090
https://doi.org/10.1016/j.amsu.2022.104022
https://www.ncbi.nlm.nih.gov/pubmed/35860063
https://doi.org/10.3390/jcm13195830
https://doi.org/10.1148/radiol.2020201138
https://doi.org/10.23838/pfm.2021.00170
https://doi.org/10.1158/1078-0432.CCR-09-1641
https://doi.org/10.1002/cncr.22208
https://doi.org/10.1097/JTO.0b013e318206a221

J. Clin. Med. 2025, 14, 3038 19 of 21

11.
12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Wistuba, L.I.; Gazdar, A.F. LUNG CANCER PRENEOPLASIA. Annu. Rev. Pathol. Mech. Dis. 2006, 1, 331-348. [CrossRef]
Lantuéjoul, S.; Salameire, D.; Salon, C.; Brambilla, E. Pulmonary preneoplasia—Sequential molecular carcinogenetic events.
Histopathology 2009, 54, 43-54. [CrossRef] [PubMed]

Naunheim, K.S.; Taylor, J.R.; Skosey, C.; Hoffman, P.C.; Ferguson, M.K.; Golomb, H.M.; Little, A.G. Adenosquamous lung
carcinoma: Clinical characteristics, treatment, and prognosis. Ann. Thorac. Surg. 1987, 44, 462—-466. [CrossRef]

Ben, Y.; Yu, H.; Wang, Z.; Miao, Q.; Ren, H.; Zhang, Z.; Li, Z. Adenosquamous lung carcinoma: Clinical characteristics, surgical
treament and prognosis. Chin. Med. Sci. |. 2000, 15, 238-240.

Wistuba, LL; Berry, J.; Behrens, C.; Maitra, A.; Shivapurkar, N.; Milchgrub, S.; Gazdar, A.F. Molecular changes in the bronchial
epithe-lium of patients with small cell lung cancer. Clin. Cancer Res. 2000, 6, 2604-2610. [PubMed]

Badovinac, S.; Korsic, M.; Mursic, D.; Samarzija, M.; Cucevic, B.; Roglic, M.; Jakopovic, M. Cancer-related inflammation as
predicting tool for treatment outcome in locally advanced and metastatic non-small cell lung cancer. . Thorac. Dis. 2016,
8, 1497-1503. [CrossRef] [PubMed]

Ai, Y; Wang, H.; Zheng, Q.; Li, S.; Liu, J.; Huang, ].; Tang, J.; Meng, X. Add fuel to the fire: Inflammation and immune response in
lung cancer combined with COVID-19. Front. Immunol. 2023, 14, 1174184. [CrossRef]

Tan, Z.; Xue, H.; Sun, Y.; Zhang, C.; Song, Y.; Qi, Y. The Role of Tumor Inflammatory Microenvironment in Lung Cancer. Front.
Pharmacol. 2021, 12, 688625. [CrossRef]

Dubinett, S.M. (Ed.) Inflammation and Lung Cancer; Springer: New York, NY, USA, 2015; 212p.

Sang, J.; Ye, X. Potential biomarkers for predicting immune response and outcomes in lung cancer patients undergoing thermal
ablation. Front. Immunol. 2023, 14, 1268331. [CrossRef]

Liu, J.; Li, S.;; Zhang, S.; Liu, Y.; Ma, L.; Zhu, J.; Cheng, Y. Systemic immune-inflammation index, neutrophil-to-lymphocyte ratio,
and platelet-to-lymphocyte ratio can predict clinical outcomes in patients with metastatic non-small-cell lung cancer treated with
nivolumab. Clin. Lab. Anal. 2019, 33, €22964. [CrossRef]

Gaur, P; Bhattacharya, S.; Kant, S.; Kushwaha, R.A.; Garg, R.; Singh, G.; Pandey, S. Association of inflammatory biomarkers with
lung cancer in North Indian population. Afr. Health Sci. 2019, 19, 2147. [CrossRef]

Winther-Larsen, A.; Aggerholm-Pedersen, N.; Sandfeld-Paulsen, B. Inflammation-scores as prognostic markers of overall survival
in lung cancer: A register-based study of 6,210 Danish lung cancer patients. BMIC Cancer 2022, 22, 63. [CrossRef] [PubMed]
Rice, S.J.; Belani, C.P. Diversity and heterogeneity of immune states in non-small cell lung cancer and small cell lung cancer. PLoS
ONE 2021, 16, €0260988. [CrossRef]

Grieshober, L.; Graw, S.; Barnett, M.J.; Goodman, G.E.; Chen, C.; Koestler, D.C.; Marsit, C.J.; Doherty, J.A. Pre-diagnosis
neutrophil-to-lymphocyte ratio and mortality in individuals who develop lung cancer. Cancer Causes Control 2021, 32, 1227-1236.
[CrossRef]

Detterbeck, E.C. The eighth edition TNM stage classification for lung cancer: What does it mean on main street? ]. Thorac.
Cardiovasc. Surg. 2018, 155, 356-359. [CrossRef]

Guo, B; Liu, X;; Si, Q.; Zhang, D.; Li, M,; Li, X.; Zhao, Y.; Hu, F; Zhang, M.,; Liu, Y,; et al. Associations of CBC-Derived
inflammatory indicators with sarcopenia and mortality in adults: Evidence from Nhanes 1999~2006. BMC Geriatr. 2024, 24, 432.
[CrossRef]

Wei, J.; Brown, L.; Gao, B.; Nagrial, A.; da Silva, I.P. P1.21-08 Eosinophil to Neutrophil Ratio Predicts Efficacy in Patients Receiving
Immunotherapy in Metastatic Non-small Cell Lung Cancer (mNSCLC). J. Thorac. Oncol. 2023, 18, 5237. [CrossRef]

Chen, X.; Huang, W.; Zhao, L.; Li, Y.; Wang, L.; Mo, F.; Guo, W. Relationship Between the Eosinophil/Monocyte Ratio and
Prognosis in Decompensated Heart Failure: A Retrospective Study. J. Inflamm. Res. 2021, 14, 4687-4696. [CrossRef]

Tiuca, O.M.; Morariu, S.H.; Mariean, C.R.; Tiuca, R.A.; Nicolescu, A.C.; Cotoi, O.S. Impact of Blood-Count-Derived Inflammatory
Markers in Psoriatic Disease Progression. Life 2024, 14, 114. [CrossRef]

Zhou, D.; Yang, H.; Zeng, L.; Yang, W.; Guo, F,; Cui, W.; Chen, C.; Zhao, J.; Wu, S.; Yang, N.; et al. Calculated inflammatory
markers derived from complete blood count results, along with routine laboratory and clinical data, predict treatment failure of
acute peritonitis in chronic peritoneal dialysis patients. Ren. Fail. 2023, 45, 2179856. [CrossRef]

Zhang, H.; Zhang, L.; Zhu, K; Shi, B.; Yin, Y,; Zhu, J.; Yue, D.; Zhang, B.; Wang, C. Prognostic Significance of Combination of
Preoperative Platelet Count and Neutrophil-Lymphocyte Ratio (COP-NLR) in Patients with Non-Small Cell Lung Cancer: Based
on a Large Cohort Study. PLoS ONE 2015, 10, e0126496. [CrossRef]

Pinato, D.J.; Shiner, R.J.; Seckl, M.].; Stebbing, J.; Sharma, R.; Mauri, F.A. Prognostic performance of inflammation-based prognostic
indices in primary operable non-small cell lung cancer. Br. ]. Cancer 2014, 110, 1930-1935. [CrossRef] [PubMed]

Tomita, M.; Shimizu, T.; Ayabe, T.; Yonei, A.; Onitsuka, T. Preoperative neutrophil to lymphocyte ratio as a prognostic predictor
after curative resection for non-small cell lung cancer. Anticancer Res. 2011, 31, 2995-2998. [PubMed]

Fest, J.; Ruiter, R.; Mulder, M.; Groot Koerkamp, B.; Ikram, M. A ; Stricker, B.H.; van Eijck, C.H. The systemic immune-inflammation
index is associated with an increased risk of incident cancer—A population-based cohort study. Int. . Cancer 2020, 146, 692—698.
[CrossRef] [PubMed]


https://doi.org/10.1146/annurev.pathol.1.110304.100103
https://doi.org/10.1111/j.1365-2559.2008.03182.x
https://www.ncbi.nlm.nih.gov/pubmed/19187179
https://doi.org/10.1016/S0003-4975(10)62102-9
https://www.ncbi.nlm.nih.gov/pubmed/10914700
https://doi.org/10.21037/jtd.2016.05.56
https://www.ncbi.nlm.nih.gov/pubmed/27499936
https://doi.org/10.3389/fimmu.2023.1174184
https://doi.org/10.3389/fphar.2021.688625
https://doi.org/10.3389/fimmu.2023.1268331
https://doi.org/10.1002/jcla.22964
https://doi.org/10.4314/ahs.v19i2.39
https://doi.org/10.1186/s12885-021-09108-5
https://www.ncbi.nlm.nih.gov/pubmed/35027001
https://doi.org/10.1371/journal.pone.0260988
https://doi.org/10.1007/s10552-021-01469-3
https://doi.org/10.1016/j.jtcvs.2017.08.138
https://doi.org/10.1186/s12877-024-05012-2
https://doi.org/10.1016/j.jtho.2023.09.394
https://doi.org/10.2147/JIR.S325229
https://doi.org/10.3390/life14010114
https://doi.org/10.1080/0886022X.2023.2179856
https://doi.org/10.1371/journal.pone.0126496
https://doi.org/10.1038/bjc.2014.145
https://www.ncbi.nlm.nih.gov/pubmed/24667648
https://www.ncbi.nlm.nih.gov/pubmed/21868550
https://doi.org/10.1002/ijc.32303
https://www.ncbi.nlm.nih.gov/pubmed/30924141

J. Clin. Med. 2025, 14, 3038 20 of 21

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Capone, M.; Giannarelli, D.; Mallardo, D.; Madonna, G.; Festino, L.; Grimaldi, A.M.; Vanella, V.; Simeone, E.; Paone, M.; Palmieri,
G.; et al. Baseline neutrophil-to-lymphocyte ratio (NLR) and derived NLR could predict overall survival in patients with advanced
melanoma treated with nivolumab. ]. Immunother. Cancer 2018, 6, 74. [CrossRef]

Putzu, C.; Cortinovis, D.L.; Colonese, F.; Canova, S.; Carru, C.; Zinellu, A.; Paliogiannis, P. Blood cell count indexes as predictors
of outcomes in advanced non-small-cell lung cancer patients treated with Nivolumab. Cancer Immunol. Immunother. 2018,
67,1349-1353. [CrossRef]

Ogata, T.; Satake, H.; Ogata, M.; Hatachi, Y.; Inoue, K.; Hamada, M.; Yasui, H. Neutrophil-to-lymphocyte ratio as a predictive or
prognostic factor for gastric cancer treated with nivolumab: A multicenter retrospective study. Oncotarget 2018, 9, 34520-34527.
[CrossRef]

Takeda, T.; Takeuchi, M.; Saitoh, M.; Takeda, S. Neutrophil-to-lymphocyte ratio after four weeks of nivolumab admin-istration as
a predictive marker in patients with pretreated non-small-cell lung cancer. Thorac. Cancer 2018, 9, 1291-1299. [CrossRef]

Cupp, M.A,; Cariolou, M.; Tzoulaki, I.; Aune, D.; Evangelou, E.; Berlanga-Taylor, A.J. Neutrophil to lymphocyte ratio and cancer
prognosis: An umbrella review of systematic reviews and meta-analyses of observational studies. BMC Med. 2020, 18, 360.
[CrossRef]

Wuhao, H.; Shengguang, W.; Hua, Z.; Bin, Z.; Changli, W. Prognostic significance of combined fibrinogen concentration and
neutrophil-to-lymphocyte ratio in patients with resectable non-small cell lung cancer. Cancer Biol. Med. 2018, 15, 88-96. [CrossRef]
Kuang, Z.; Miao, J.; Zhang, X. Serum albumin and derived neutrophil-to-lymphocyte ratio are potential predictive biomarkers for
immune checkpoint inhibitors in small cell lung cancer. Front. Immunol. 2024, 15, 1327449. [CrossRef]

Zhao, N.; Ruan, M.; Koestler, D.; Lu, J.; Marsit, C.; Kelsey, K.; Platz, E.; Michaud, D.S. Abstract LB086: Methylation-derived
neutrophil-to-lymphocyte ratio and lung cancer risk and survival. Cancer Res. 2021, 81 (Suppl. 13), LB086. [CrossRef]

Wang, J.; Li, H.; Xu, R;; Lu, T,; Zhao, J.; Zhang, P; Qu, L.; Zhang, S.; Guo, J.; Zhang, L. The MLR, NLR, PLR and D-dimer are
associated with clinical outcome in lung cancer patients treated with surgery. BMC Pulm. Med. 2022, 22, 104. [CrossRef] [PubMed]
Hirsch, ER.; Spreafico, A.; Novello, S.; Wood, M.D.; Simms, L.; Papotti, M. The Prognostic and Predictive Role of Histology in
Advanced Non-small Cell Lung Cancer: A Literature Review. J. Thorac. Oncol. 2008, 3, 1468-1481. [CrossRef] [PubMed]
Hoang, T.; Dahlberg, S.E.; Schiller, ].H.; Johnson, D.H. Does histology predict survival of advanced non-small cell lung cancer
patients treated with platin-based chemotherapy? An analysis of the Eastern Cooperative Oncology Group Study E1594. Lung
Cancer 2013, 81, 47-52. [CrossRef]

Singh, N.; Baby, D.; Rajguru, J.; Patil, P.; Thakkannavar, S.; Pujari, V. Inflammation and cancer. Ann. Afr. Med. 2019, 18, 121.
[CrossRef]

Mazzella, A.; Orlandi, R.; Maiorca, S.; Uslenghi, C.; Chiari, M.; Bertolaccini, L.; Casiraghi, M.; Iacono, G.L.; Girelli, L.; Spaggiari,
L. How General and Inflammatory Status Impacts on the Prognosis of Patients Affected by Lung Cancer: State of the Art.
Biomedicines 2024, 12, 1554. [CrossRef]

Lochowski, M.; Chatubiniska-Fendler, J.; Zawadzka, I.; Lochowska, B.; Rebowski, M.; Brzeziriski, D.; Kozak, J. The Prognostic
Significance of Preoperative Platelet-to-Lymphocyte and Neutrophil-to-Lymphocyte Ratios in Patients Operated for Non-Small
Cell Lung Cancer. Cancer Manag. Res. 2021, 13, 7795-7802. [CrossRef]

Alves, A.; Dias, M.; Campainha, S.; Barroso, A. Peripheral blood eosinophilia may be a prognostic biomarker in non-small cell
lung cancer patients treated with immunotherapy. J. Thorac. Dis. 2021, 13, 2716-2727. [CrossRef]

Ownby, H.E,; Roi, L.D.; Isenberg, R.R.; Brennan, M.]. Peripheral lymphocyte and eosinophil counts as indicators of prognosis in
primary breast cancer. Cancer 2006, 52, 126-130. [CrossRef]

Prizment, A.E.; Anderson, K.E.; Visvanathan, K.; Folsom, A.R. Inverse Association of Eosinophil Count with Colorectal Cancer
Incidence: Atherosclerosis Risk in Communities Study. Cancer Epidemiol. Biomark. Prev. 2011, 20, 1861-1864. [CrossRef]
Khakwani, A.; Rich, A.L.; Powell, H.A ; Tata, L.].; Stanley, R.A.; Baldwin, D.R.; Duffy, ].P.; Hubbard, R.B. Lung cancer survival in
England: Trends in non-small-cell lung cancer survival over the duration of the National Lung Cancer Audit. Br. |. Cancer 2013,
109, 2058-2065. [CrossRef] [PubMed]

Polariski, J.; Chabowski, M.; Jankowska-Polariska, B.; Janczak, D.; Rosinczuk, J. Histological subtype of lung cancer affects
acceptance of illness, severity of pain, and quality of life. ]. Pain Res. 2018, 11, 727-733. [CrossRef]

Visbal, A.L.; Williams, B.A.; Nichols, F.C., III; Marks, R.S.; Jett, ].R.; Aubry, M.C.; Yang, P. Gender differences in non-small-cell
lung cancer survival: An analysis of 4,618 patients diagnosed between 1997 and 2002. Ann. Thorac. Surg. 2004, 78, 209-215.
[CrossRef]

Lam, V.K; Bentzen, S.M.; Mohindra, P.; Nichols, E.M.; Bhooshan, N.; Vyfhuis, M.; Scilla, K.A; Feigenberg, S.J.; Edelman, M.].;
Feliciano, J.L. Obesity is associated with long-term improved survival in definitively treated locally advanced non-small cell lung
cancer (NSCLC). Lung Cancer 2017, 104, 52-57. [CrossRef]

Hervochon, R.; Bobbio, A.; Guinet, C.; Mansuet-Lupo, A.; Rabbat, A.; Régnard, J.-F.; Roche, N.; Damotte, D.; Iannelli, A.; Alifano,
M. Body Mass Index and Total Psoas Area Affect Outcomes in Patients Undergoing Pneumonectomy for Cancer. Ann. Thorac.
Surg. 2017, 103, 287-295. [CrossRef]


https://doi.org/10.1186/s40425-018-0383-1
https://doi.org/10.1007/s00262-018-2182-4
https://doi.org/10.18632/oncotarget.26145
https://doi.org/10.1111/1759-7714.12838
https://doi.org/10.1186/s12916-020-01817-1
https://doi.org/10.20892/j.issn.2095-3941.2017.0124
https://doi.org/10.3389/fimmu.2024.1327449
https://doi.org/10.1158/1538-7445.AM2021-LB086
https://doi.org/10.1186/s12890-022-01901-7
https://www.ncbi.nlm.nih.gov/pubmed/35337299
https://doi.org/10.1097/JTO.0b013e318189f551
https://www.ncbi.nlm.nih.gov/pubmed/19057275
https://doi.org/10.1016/j.lungcan.2013.03.018
https://doi.org/10.4103/aam.aam_56_18
https://doi.org/10.3390/biomedicines12071554
https://doi.org/10.2147/CMAR.S317705
https://doi.org/10.21037/jtd-20-3525
https://doi.org/10.1002/1097-0142(19830701)52:1%3C126::AID-CNCR2820520123%3E3.0.CO;2-Y
https://doi.org/10.1158/1055-9965.EPI-11-0360
https://doi.org/10.1038/bjc.2013.572
https://www.ncbi.nlm.nih.gov/pubmed/24052044
https://doi.org/10.2147/JPR.S155121
https://doi.org/10.1016/j.athoracsur.2003.11.021
https://doi.org/10.1016/j.lungcan.2016.11.017
https://doi.org/10.1016/j.athoracsur.2016.06.077

J. Clin. Med. 2025, 14, 3038 21 of 21

58.

59.
60.

61.

62.

63.

64.

65.

66.

67.

68.

Georgakopoulou, V.; Lempesis, I.; Trakas, N.; Sklapani, P.; He, Y.; Spandidos, D. Lung cancer and obesity: A contentious
re-lationship (Review). Oncol. Rep. 2024, 52, 158. [CrossRef]

Zhu, H.; Zhang, S. Body mass index and lung cancer risk in never smokers: A meta-analysis. BMC Cancer 2018, 18, 635. [CrossRef]
Yu, D.; Zheng, W.; Johansson, M.; Lan, Q.; Park, Y.; White, E.; Matthews, C.E.; Sawada, N.; Gao, Y.-T.; Robien, K,; et al. Overall
and Central Obesity and Risk of Lung Cancer: A Pooled Analysis. JNCI J. Natl. Cancer Inst. 2018, 110, 831-842. [CrossRef]
Miracle, C.E.; McCallister, C.L.; Egleton, R.D.; Salisbury, T.B. Mechanisms by which obesity regulates inflammation and anti-tumor
immunity in cancer. Biochem. Biophys. Res. Commun. 2024, 733, 150437. [CrossRef]

Lee, ].H.; Kang, D.; Lee, ].; Jeon, YJ.; Park, S.Y.; Cho, ]. H.; Cho, J. Association of Obesity and Skeletal Muscle with Postoperative
Survival in Non-Small Cell Lung Cancer. Radiology 2025, 314, €241507. [CrossRef]

Kawai, T.; Autieri, M.V;; Scalia, R. Adipose tissue inflammation and metabolic dysfunction in obesity. Am. J. Physiol. Cell Physiol.
2021, 320, C375-C391. [CrossRef] [PubMed]

Assumpgao, J.A.F; Pasquarelli-Do-Nascimento, G.; Duarte, M.S.V.; Bonamino, M.H.; Magalhaes, K.G. The ambiguous role
of obesity in oncology by promoting cancer but boosting antitumor immunotherapy. J. Biomed. Sci. 2022, 29, 12. [CrossRef]
[PubMed]

Fang, H.; Dong, T.; Li, S.; Zhang, Y.; Han, Z.; Liu, M.; Dong, W.; Hong, Z.; Fu, M.; Zhang, H. A Bibliometric Analysis of
Comorbidity of COPD and Lung Cancer: Research Status and Future Directions. Int. ]. Chronic Obstr. Pulm. Dis. 2023,
18, 3049-3065. [CrossRef]

Ma, A.; Wang, G.; Du, Y;; Guo, W.; Guo, J.; Hu, Y.; Bai, D.; Huang, H.; Zhuang, L.; Chen, J.; et al. The clinical relevance of
neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio in chronic obstructive pulmonary disease with lung cancer.
Front. Oncol. 2022, 12, 902955. [CrossRef]

Wasswa-Kintu, S.; Gan, W.Q.; Man, S.EP,; Pare, P.D.; Sin, D.D. Relationship between reduced forced expiratory volume in one
second and the risk of lung cancer: A systematic review and meta-analysis. Thorax 2005, 60, 570-575. [CrossRef]

Wang, H.; Liu, L.; Yan, J.; Ma, W.; Du, Y.; Zhang, T. Folate receptor-positive circulating tumor cell count, lymphocyte count and
derived neutrophil-to- lymphocyte ratio for diagnosing lung cancer relapse. Front. Oncol. 2023, 12, 1097816. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3892/or.2024.8817
https://doi.org/10.1186/s12885-018-4543-y
https://doi.org/10.1093/jnci/djx286
https://doi.org/10.1016/j.bbrc.2024.150437
https://doi.org/10.1148/radiol.241507
https://doi.org/10.1152/ajpcell.00379.2020
https://www.ncbi.nlm.nih.gov/pubmed/33356944
https://doi.org/10.1186/s12929-022-00796-0
https://www.ncbi.nlm.nih.gov/pubmed/35164764
https://doi.org/10.2147/COPD.S425735
https://doi.org/10.3389/fonc.2022.902955
https://doi.org/10.1136/thx.2004.037135
https://doi.org/10.3389/fonc.2022.1097816

	Introduction 
	Materials and Methods 
	Data Sources and Patients Included in the Study 
	Definition of Analyzed Parameters 
	Statistical Analysis of Data 

	Results 
	General Characteristics of the Study Population 
	Histological Types of Lung Carcinoma and Stage at Diagnosis 
	CBC-Derived Predictors of Severity in Lung Cancer 
	A Summary of Correlations Found Between the CBC-Derived Inflammatory Markers, the Stage of the Tumor, and the General Characteristics of the Patients 

	Discussion 
	Conclusions 
	References

