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Abstract

In a periodical medical checkup, a 39-year-old Mongolian underground miner was diagnosed with silicosis
based on chest radiography, computed tomography (CT), and work history. Chest radiography showed
diffuse bilateral rounded centrilobular nodules in both lung fields, with upper lobe dominance and large
opacities in the right upper zone. Chest CT presented conglomerated massive changes in the right upper
lobe and the coalescence of small nodules in the left upper lung. In the blood test, serum levels of the lung
cancer marker neuron-specific enolase (NSE) were elevated (24.58 ng/mL). Carcinoembryonic antigen (CEA)
and cytokeratin 19 fragment (CYFRA 21-1) levels were within the reference range. Subsequent to the
suspicion of a tumour in the right upper lobe, a right upper lobectomy was performed. The histopathological
examination of the lung specimen revealed the coalescence of numerous silica nodules, accompanied by
indications of associated sarcoidosis. The histological features suggested the presence of two concurrent
pathological processes: silicosis and sarcoidosis. This case demonstrated the combination of three clinical
conditions diagnosed in one patient, including complicated silicosis associated with sarcoidosis and
elevated serum NSE levels. This case report may serve as a foundation for future investigations exploring the
potential of NSE as a marker for silicosis.
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Introduction

Silicosis, a disease with an extensive historical background, has been a persistent occupational health
concern, primarily affecting workers who have been exposed to silica dust over an extended period [1]. Silica
is the most abundant mineral in the world, comprising rock, sand, and soil. It causes silicosis and is
associated with many other diseases, such as sarcoidosis, rheumatoid arthritis, and several autoimmune
diseases [2].

In 1987, the International Agency for Research on Cancer (IARC) classified crystalline silica as a probable
human lung carcinogen. Sarcoidosis is a chronic systemic granulomatous disease of unknown aetiology. In
over 90% of patients with diagnosed sarcoidosis, mediastinal and hilar lymph nodes are affected [3].

Sarcoidosis is also associated with beryllium, radon dust inhalation, metal fume, wood dust, and silica dust
[4-6]. Several epidemiological and case studies revealed the association between silica exposure and
sarcoidosis, showing that sensitisation to silica could be involved in the underlying immunological
mechanism. Whether silicosis and associated sarcoidosis are becoming a new phenotype of occupational
lung disease is debatable [7,8].

Moore and McGregor first described the neuron-specific enolase (NSE) in 1965, a key enzyme in aerobic
glycolysis. NSE is currently the most reliable tumour marker in the diagnosis, prognosis, and follow-up of
small cell lung cancer (SCLC), even though increased levels of NSE have also been reported in non-SCLC
(NSCLC). The level of NSE correlates with tumour burden, number of metastatic sites, and response to
treatment [9-11].

In an effort to enhance the early detection of silicosis and expand diagnostic capabilities, particularly in
situations where chest radiography is not accessible, alternative methods have been explored. Notably,
research has indicated that serum NSE levels may serve as a valuable adjunct to chest radiography in
determining the stage of silicosis and facilitating early diagnosis [12,13]. This paper reports the first case of
silicosis associated with sarcoidosis diagnosed with an elevated serum NSE in Mongolia.
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A 39-year-old underground miner underwent chest radiography during a periodic medical check-up at the
workplace. He had worked as a driller in the underground fluorspar mine for 20 years, except for a year of
military service. Each shift lasted seven hours. The underground mine where the patient worked was often
drilled dry, without water supplement or efficient personal protective equipment. He had a history of
smoking half a pack of cigarettes daily for 15 years. Physical examination findings were unremarkable at
diagnosis, and there were no abnormal sounds in both lung fields. Lung function tests showed a

slightly restrictive pattern. The sputum test for pulmonary tuberculosis was negative. Chest radiography
revealed ill-defined small, multiple nodular opacities of round shape presented with moderate contrast in
all zones of both lungs and large opacity in the right upper zone. Chest computed tomography showed
diffuse multiple rounded centrilobular nodules, with upper lobe dominance in both lung fields. Radiological
examination revealed conglomerated massive changes in the right upper lobe, accompanied by the
coalescence of small nodules in the left upper lung. Additionally, multiple enlarged lymph nodes were
observed in the upper, lower paratracheal, and paraaortic regions (Figure 7).

FIGURE 1: A. Chest radiograph shows multiple ill-defined small nodules
in both lung fields, predominantly in the upper and middle zones with
large opacities in the right upper lobe (black arrow). B. Axial thin-
section computed tomography scan obtained multiple rounded
centrilobular nodules in both lung fields with upper lobe dominance.
There are conglomerated massive changes in the right upper lobe
(black arrow) and coalescence of the small nodule in the left upper lobe.

Initially, the patient's work history and chest radiography suggested a diagnosis of silicosis. To rule out the
possibility of a lung tumour and make a definitive diagnosis, additional blood tests were conducted to
measure the levels of the following biomarkers: NSE, carcinoembryonic antigen (CEA), and cytokeratin 19
fragment (CYFRA 21-1). The blood level of the lung cancer marker NSE (24.58 ng/mL) was higher than
normal (0-16.3). CEA (2.84 ng/mL; normal values 0-4.7) and CYFRA 21-1 (0.567 ng/mL; normal values 0-
3.3) levels were normal. Hence, a tumour of the right upper lobe was suspected, and a right upper lobectomy
was performed. The biopsy did not confirm a lung tumour. Histopathological examination of the lung
specimen showed that the numerous silica nodules coalesced with each other, and there were symptoms
associated with sarcoidosis. The features suggested two coexisting pathological processes: silicosis (Figure
2) and sarcoidosis (Figure 3).
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FIGURE 2: Lung biopsy shows silicotic nodule with concentric
hyalinised collagen fibres surrounding an amorphous centre (black
arrow), (hematoxylin-eosin x10).

FIGURE 3: Lung biopsy shows sarcoidosis with Langshan’s giant cells
surrounded by epithelioid cells and a few lymphocytic infiltrations
(black arrow), (hematoxylin-eosin x20).
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Six months post-surgery, computed tomography showed a progressive massive fibrosis in the left upper lobe
(Figure 4). The patient received methotrexate as a treatment for sarcoidosis. Four years post-surgery, the
patient’s condition deteriorated as a result of lung tuberculosis, for which he received treatment.

FIGURE 4: A. Numerous small nodular opacities involving both lungs,
more in the left upper lung zone. Nodular opacities and focal pleural
adhesion in the right hemidiaphragm. B. Lung resection state of the
right upper lung, diffuse small bilateral nodules in both lung fields, with
upper lobe dominance, and newly developed large fibrotic opacity in the
left upper lobe.

Further, progressive massive fibrosis replaced both lung fields on the background of the reduced right lung
field. Six years after the first diagnosis, the patient died from severe respiratory failure caused by silicosis,
which had resulted in progressive massive lung fibrosis in both lungs.

Discussion

Crystalline silica was considered a probable human carcinogen in 1987 by the International Agency for
Research on Cancer (IARC). While silica itself has been debated as a carcinogen, research has highlighted
that the risk of lung cancer is often linked to a complex interplay of factors. These include cigarette
smoking, airflow obstruction, and exposure to radon daughters in underground mines. Notably, silica can
also play a role in the carcinogenic process when combined with other substances, such as polycyclic
aromatic hydrocarbons from cigarette smoke or industrial pyrolysis, which can act as carcinogens or
promoters [14].

Tumour markers CEA, NSE, and CYFRA 21-1 are widely used for lung cancer screening and diagnosis [9-
11,15]. This case demonstrated the combination of three clinical conditions diagnosed in one patient,
including complicated silicosis associated with sarcoidosis and an elevated blood concentration of the NSE
biomarker. The patient's work history and radiological symptoms were assessed to diagnose silicosis.
Additional analysis of lung cancer biomarkers and elevation of serum NSE (24.58 ng/mL) led to lung cancer
diagnosis, which was followed by right upper lobectomy surgery. The histological analysis showed the
presence of silicosis nodules, Langshan’s cells, and epithelioid cells in our patient’s biopsy.

With an elevated level of serum NSE without an underlying neoplasm process, this case aligns with

similar studies where serum tumour markers increased in non-malignant diseases [12,13,16-18]. Recent
studies showed that elevated serum NSE might indicate silicosis, which helps to determine the early
diagnosis and disease severity. One study analysed the changes in serum NSE levels in silicosis cases where
serum NSE levels were significantly higher (22.88+7.86 ng/mL) in patients with silicosis than in healthy
individuals (17.96+4.42 ng/mL) (p<0.05) [13]. Similar results were reported in a study that evaluated serum
cancer antigen 125 (CA 125) and NSE biomarkers in the context of disease severity in patients with silicosis
[17,18]. The results showed that serum NSE levels were significantly higher in silicosis cases than in non-
silicosis cases. With the progression of silicosis, NSE levels increased gradually [17,18].

Some case reports and retrospective studies showed the relation between silica dust exposure and
sarcoidosis [3,4,7,8]. Our patient had worked for many years in an underground mine as a driller, which
might be a risk factor for sarcoidosis. A case series presented five cases of coexisting silicosis and
sarcoidosis, showing that sequential associations of the two conditions can occur [7]. Computed tomography
showed a rapid progression of silicosis in our patient within six months. The role of sarcoidosis in the
deterioration of silicosis needs to be further discussed. The observed association between silica exposure
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and sarcoidosis suggests that sensitization to silica may play a role in the underlying immunological
mechanisms, potentially contributing to the development of this condition [8].

Differentiating progressive massive fibrosis from lung cancer is clinically and radiologically

important. In the early diagnosis and differential diagnosis of lung cancer, elevated blood levels of one
tumour marker (NSE) possess lower sensitivity and specificity. Therefore, the combined detection of
multiple markers can compensate for these defects. Magnetic resonance imaging might be useful for the
differential diagnosis of progressive massive fibrosis and lung cancer. On magnetic resonance images, lung
cancer appears as a high-signal-intensity lesion on T2-weighted images. Conversely, progressive massive
fibrosis appears as a low-signal-intensity abnormality compared to the signal intensity of muscle on both
T1- and T2-weighted images [19,20].

The diagnosis of silicosis requires a history of occupational exposure, compatible radiological features,
and the exclusion of alternate diagnoses. The clinical management for silicosis and sarcoidosis differ.
Silicosis is a non-curable yet preventable occupational lung disease, and sarcoidosis therapeutic
interventions are available. Furthermore, patients with silicosis have an increased risk of infection with
Mycobacterium tuberculosis, which was an additional factor in the exacerbation of our case.

Conclusions

In conclusion, this case highlights the potential utility of NSE as a biomarker for the early diagnosis and
assessment of silicosis severity. Furthermore, it underscores the importance of a thorough differential
diagnosis in cases where silicosis is suspected, particularly when coexisting lung cancer is a possibility, in
order to ensure accurate and timely management.
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