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Bronchopulmonary Bronchopulmonary cancer is a major public health problem, being one of the leading
cancer causes of cancer mortality worldwide. Late-stage detection, compounded by the biological
CYFRA 21-1 heterogeneity of the malignancy, severely limits the available therapeutic options and
CEA worsens clinical outcomes. In this context, the identification and evaluation of accessible
NSE tumor biomarkers, such as CYFRA 21-1, carcinoembryonic antigen (CEA) and neuron-
Tumor biomarkers specific enolase (NSE), may have an important role in characterizing the disease and
Systemic inflammation monitoring its evolution. The association of tumor markers with systemic inflammation
Prognosis parameters may provide additional information on the patient's biological status and

prognosis. Regarding the biomarkers monitored, CYFRA 21-1 demonstrated the highest
sensitivity in the patients included in the study (e.g., 42.87% of women and 33.75% of
men) for monitoring tumor progression.

INTRODUCTION

Bronchopulmonary cancer is a major public health problem, characterized by a high incidence and mortality rate
and a frequent diagnosis established in advanced stages (Belanger et al., 2017; Bartkiewicz et al., 2024). Globally,
the main risk factor for triggering lung cancer is smoking (Botnaru V., 2018; Chmielowski et al., 2017). The 2018
Global Adult Tobacco Study reported 30.7% tobacco prevalence among Romanians aged 15+, with 30% smoking
an average of 16.5 cigarettes daily. Consequently, the associated disease burden is exacerbated by frequent
presentation at advanced stages and biological heterogeneity, both of which represent major barriers to effective
therapeutic intervention and worsen clinical outcomes.

Another factor with a high contribution to the occurrence of lung neoplasia is environmental, occupational and
home pollution (Mayo Clinic Press, 2020; Weerakkody et al 2022; Sturgeon 2018).

Biomarker profiling is essential for evaluating lung masses of unknown etiology. Specifically, CYFRA 21-1 is
established as a first-line indicator for tracking treatment efficacy and disease evolution in NSCLC, while also
functioning as a reliable predictor of recurrence, metastasis, and overall prognosis (Jose et al., 2013; Hiradfar et
al., 2015; Pass et al., 2014; Mindray, 2022). Alongside CEA, which similarly assists in monitoring disease
recurrence and prognostic trajectories, CYFRA 21-1 contributes to differentiating NSCLC (Non-Small Cell Lung
Cancer) from SCLC (Small Cell Lung Cancer) histologies. Conversely, NSE (Neuron-Specific Enolase) functions
as the primary oncological marker for SCLC, where its expression levels exhibit a strong correlation with tumor
size and the extent of metastasis (McDonald et al., 2017; Kay et al., 2017; Genet et al., 2024).
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The biochemical parameters C-reactive protein (CRP), lactate dehydrogenase (LDH) and serum calcium do not
have a role as specific tumor markers (they do not make a definitive diagnosis of cancer), but they are very
important in assessing the patient's general condition, prognosis, monitoring the response to treatment and
detecting complications in oncological diseases (Torre et al., 2016; Visser et al., 2023).

In lung cancer management, general biochemical parameters closely reflect tumor dynamics and systemic
complications. CRP represents a valuable tool for risk assessment, progression tracking, and treatment monitoring,
while LDH acts as a prognostic index and metastatic marker for both NSCLC and SCLC. Additionally, serum
calcium homeostasis is frequently disrupted in these patients: hypercalcemia signals a paraneoplastic manifestation
of advanced disease, whereas hypocalcemia is typically induced by cytotoxic chemotherapy or active tumor lysis
(Bartkiewicz et al., 2024; Blanco et al., 2015; Dingemans et al., 2021; Gebbia et al., 2021; Hiradfar et al., 2015).
This study evaluated the clinical relevance of tumor markers CYFRA 21-1, CEA, and NSE in bronchopulmonary
cancer patients. Additionally, it examined their correlation with inflammatory biochemical parameters to identify
potential indicators of disease progression and prognosis.

MATERIALS AND METHODS

The study presented in this paper includes 94 patients with a confirmed diagnosis of bronchopulmonary cancer
hospitalized between January 2025 and March 2026 at the Braila Pneumophthisiology Hospital. Patient selection
was based on medical records and laboratory results available in the health unit's IT system, with the agreement
of the institution's management and patients in accordance with ethical norms regarding data protection and
confidentiality of medical data.

The biological material used is venous blood, collected fasting (without eating) or postprandial. It is collected in a
vacutainer without anticoagulant, with/without separator gel. The determination of tumor markers: CEA, NSE,
CYFRA 21-1 was performed on the COBAS E 411 automatic analyzer, provided by Roche Diagnostics, the
analyzer is designed for in vitro, quantitative and qualitative measurements of a wide range of analytes using
electrochemiluminescence technology (ECLIA). To determine the biochemical parameters (LDH, CRP,
CALCIUM) the automatic analyzer Alinity C, Abbott, was used. The analysis was performed using
spectrophotometric methods.

RESULTS AND DISCUSSION

A total of 94 patients were enrolled, including males (85%) and females (15%), with a calculated sex ratio (F:M)
of 0.175: F/B=0.175 (Figure 1):
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Figure 1. Gender distribution among patients with bronchopulmonary carcinoma

The analysis of the gender distribution of patients diagnosed with bronchopulmonary cancer revealed a
predominance of male patients (80), compared to female patients (14). Following the distribution of patients by
gender and age group, the following results were obtained (Figure 2). The age category with the most patients
affected by bronchopulmonary cancer is 71-80 years with a share of 44.1%, followed by the age category 61-70
years with a proportion of 22.5% (Figure 2).

This is consistent with current epidemiological data, confirming that bronchopulmonary carcinoma primarily
affects individuals in their 6th and 7th decades of life. Our results corroborate specialized literature indicating that
the incidence rises sharply and is predominantly diagnosed post-50 years of age. The results show that
bronchopulmonary cancer mainly affects adults of working age and the elderly (60-80 years), with a peak incidence
between 71 and 80 years. This aspect supports the importance of active screening and prophylactic interventions
(smoking cessation, pulmonary function assessment) among the adult population over 40 years of age. The age
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category 80-90 years has a low share, possibly explained by the increased mortality associated with severe forms
of bronchopulmonary cancer.
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Figure 2. Distribution by gender and age group of patients diagnosed with bronchopulmonary cancer

The distribution by area of residence yielded the following results (Figure 3):
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Figure 3. Distribution by gender and area of residence of patients diagnosed with bronchopulmonary cancer

Analyzing Figure 3, a higher incidence of bronchopulmonary cancer cases was found among patients from urban
areas. In urban environments, the higher prevalence of smoking, including in workplace settings coupled with
superior accessibility to healthcare infrastructure facilitates a more rapid diagnostic process. Conversely, the lower
incidence observed in rural areas may suggest a reduced expansion potential of environmental or behavioral
oncogenic triggers. However, this lower-case volume in rural regions could equally reflect a potential under
diagnosis caused by reduced healthcare access.

Following the quantification of serum tumor markers in the female subgroup, the following distributions were
observed (Figure 4)
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Figure 4. Distribution of female patients according to serum tumor marker levels
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As illustrated in Figure 4, the analysis reveals that for the tumor marker CYFRA 21-1 (reference interval: 0-3.3
ng/mL), 4 female patients (28.57%) presented values within the physiological range.

Moderately elevated values (4-10 ng/mL) were similarly identified in 28.57% of cases. Notably, markedly high
to extreme concentrations (11-500 ng/mL) manifested in 42.87% of female patients. Such variations in serum
levels typically reflect the pathological stage of advancement, tumor histology, and efficacy of the administered
treatment. In the case of female patients, only one patient out of the 14 presented normal values for all tumor
markers analyzed in this study. For the tumor marker NSE (reference range 0-16.3 ng/ml), normal values were
obtained in 50% of female patients. For this specific biomarker, 17.14% of the patient population presented with
moderately elevated values (16.4-25 ng/mL), while a predominant cohort fraction of 42.86% demonstrated
elevated profiles spanning 26-740 ng/mL. Clinically, NSE is established as an effective oncological marker
selectively tailored for SCLC, demonstrating limited diagnostic utility across other pulmonary tumor variants.
Subsequent evaluation of the CEA marker indicated that 28.57% of female subjects maintained levels within the
normal baseline range (0.2-5 ng/mL). Conversely, moderately increased titers (6—10 ng/mL) manifested in 21.43%
of cases, and distinctly high values (11-5000 ng/mL) were detected in exactly 50% of the female subpopulation.

This tumor marker is used especially for monitoring the evolution of the disease.

Following the determination of tumor markers in male patients, the following results were obtained (Figure 5):
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Figure 5. Distribution of male patients according to serum tumor marker levels

Regarding the male patient subgroup, evaluation of the CYFRA 21-1 biomarker profile (Figure 5) demonstrated
baseline normal concentrations in 28.75% of individuals. Furthermore, moderately increased titers manifested in
37.50% of patients, whereas severely elevated profiles were detected in 33.75% of the cohort. Such variability is
characteristically modulated by pathological staging, tumor histology, and efficacy of the administered treatment.
Remarkably, a comprehensive baseline analysis revealed that merely 20% (n = 16/80) of the male subjects
maintained normal parameters simultaneously for all three studied oncological markers. In the case of the tumor
marker NSE (Neuron-Specific-Enolase), values that fell within the reference range were obtained in 50% of male
patients. Moderately elevated concentrations were observed in 20% of the patient population, while severely
elevated profiles manifested in 30% of cases. Clinically, it is critical to note that normal serum NSE concentrations
do not exclude a lung cancer diagnosis. The diagnostic sensitivity of this tumor marker is highly specialized,
demonstrating high efficacy for SCLC cohorts but limited performance across other pulmonary tumor variants
(Figure 5). Striking gender-specific variations emerge upon evaluating serum CEA profiles, with the male cohort
demonstrating a significantly altered distribution compared to female patients. A high percentage of 56.25% is
presented by patients with CEA values that fall within the reference range, male patients with moderately elevated
values are in the percentage of 15% and those with elevated values reach a percentage of 28.75%. This parameter
is used more for monitoring the evolution of the disease.

As illustrated in Figure 6, it can be observed that: CYFRA 21-1 presented the highest average value in the age
group 61-70 years, followed by the age group 71-80 years, these values may suggest the presence of more advanced
forms of the disease or intense tumor activity. CYFRA 21-1 is a useful marker especially for non-small cell lung
cancer, being correlated with the tumor mass and the patient's prognosis. The tumor marker NSE presented the
highest average value in the age group 41-50 years followed by the age group 61-70 years, the lowest average
value was recorded in the age group 71-80 years. Being a specific marker for small cell lung cancer, NSE, through
its increased values, suggests a rapid evolution and a reserved prognosis. In the age categories 61-70 and 71-80
years, CEA presented high and very high mean values. This variability may reflect the diversity of
histopathological types, CEA being associated especially with lung adenocarcinoma. Through increased values,
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this marker may indicate disease progression or the presence of metastases, confirming its usefulness in monitoring
the evolution of oncological patients.
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Figure 6. Graphical representation of the average values of the investigated tumor markers by age categories

For monitoring the progression of neoplastic disease in patients with bronchopulmonary cancer, the biochemical
parameters: C-reactive protein (CRP), lactate dehydrogenase (LDH), and serum calcium are of paramount clinical
importance (Figure 7). These biomarkers are useful in assessing the patient's general condition, estimating the
prognosis, monitoring the response to treatment and early identification of complications associated with the
oncological disease (Barhoum A. et al, 2023).
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Figure 7. Mean values of investigated biochemical parameters by age group

In the group of the study participants, the values of these parameters showed important variations, correlated with
the clinical condition of the patients. C-reactive protein (CRP), whose reference range is 0.2-5 mg/dl, recorded
increased mean values in all age groups, the highest mean values being recorded in the 41-50 years old age group,
followed by the 61-70 years old age group, suggestive of the existence of an intense systemic inflammatory process
and advanced forms of the disease (Figure 7).

Regarding lactate dehydrogenase (LDH), the reference range was 135-225 U/L, and increased values indicated the
presence of tissue damage and cellular destruction. The highest mean values of LDH were recorded in the 41-50
years old age group, and the lowest mean values in the 51-60 years old and 71-80 years old age groups, mean
values that fell within the reference range (Figure 7).

The mean serum calcium values recorded the lowest values in the age group 41-50 years, for the other age groups,
the mean serum calcium values fell within the reference range of 8.6 — 10.2 mg/dl (Figure.7). These changes can
be associated both with the progression of the neoplastic disease and with the alteration of nutritional status, bone
metastases or the effects of oncological treatment, being relevant for the assessment of clinical evolution and
monitoring of patients. The cross-correlation of oncological markers with systemic inflammatory indices yields
incremental prognostic value regarding disease progression profiling and treatment efficacy, thereby reinforcing
the established paradigm of inflammation-mediated tumor progression (Zanatta et al., 2020; Yale et al., 2025).
Consequently, CYFRA 21-1, CEA, and NSE represent vital assets in the comprehensive assessment of
bronchopulmonary carcinoma, delivering objective evidence on tumor histology, staging evolution, and survival
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prognosis. Incorporating these biomarkers into a multidisciplinary approach is essential for refining therapeutic
strategies and improving overall oncological care.

CONCLUSION

Lung cancer remains one of the leading causes of mortality worldwide, being frequently diagnosed in advanced
stages.

In the present study, the group consisted of 94 patients, mostly men over 60 years of age, predominantly from
urban areas. This aspect reveals that there is easier access to medical units equipped with modern equipment and
advanced methods such as the ECLIA method used in this study.

CYFRA 21-1 and CEA presented the highest values in patients over 60 years of age, while NSE recorded the
highest values in the age category 41-50 years.

Among the biochemical parameters analyzed, CRP and LDH presented elevated values in most patients,
suggesting the presence of systemic inflammation and increased tumor activity. Low serum calcium values are
due to the fact that malnutrition, tumor lysis syndrome or paraneoplastic calcitonin secretion may occur quite
frequently in this pathology.

Our findings demonstrate that combining tumor markers (CYFRA 21-1, CEA, and NSE) with inflammatory
biochemical parameters yields complementary insights into disease progression and therapeutic response.
Although these parameters have no individual diagnostic value, their integration into the clinical evaluation may
contribute to the assessment of the prognosis and the monitoring of patients with bronchopulmonary cancer.
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