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ABSTRACT:

Purpose: Silicosis is a specific occupational disease
characterized by progressive pulmonary fibrosis. Lung can-
cer is one of the leading oncological illnesses in incidence
and unfavorable prognosis. Bronchial asthma is a chronic
allergic inflammation of the airways characterized by revers-
ible bronchial obstruction. These diseases are a great burden
for occupational medicine and the financial resource of the
healthcare systems. The aim of this article is to prove the
correlation between these three important diseases affecting
the lungs.

Materials/methods: Discharge summaries, results from
imaging and functional lung tests, blood, biochemical, im-
munohistochemical, microbiological, and serological tests
are used to describe the case.

Results: Silicosis represents a risk factor for the occur-
rence of lung cancer. The presence of a relationship between
the duration and intensity of silicon dioxide exposure and
the severity and poor prognosis of lung cancer is assumed. In
asthma, the mechanical impact of quartz could trigger bron-
chial obstruction by an irritative mechanism. Endobronchially
growing lung cancer could provoke an obstructive ventilatory
defect. Bronchial obstruction appears to be a connecting unit
in the development of these three diseases. Furthermore, bron-
chial asthma could additionally complicate the course of sili-
cosis and lung cancer, worsening the prognosis even more.

Conclusions: The case gives an opportunity for
strengthening the interdisciplinary collaboration between
allergologists, pulmonologists, occupational physicians and
oncologists, with the aim for prompter and more accurate
diagnose of these diseases. The interdisciplinary approach
could improve the control and postpone the complications
in patients suffering from these three illnesses, thus improv-
ing the quality of their life.

Keywords: silicosis, lung cancer, bronchial asthma,
occupational disease,
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INTRODUCTION:

Silicosis is a dust lung disease. It is caused by inhal-
ing dust with a high content of free silicon dioxide (quartz).
Silicosis is a specific occupational disease and is the most
common in practice pneumoconiosis. It is characterized by
progressive and irreversible pulmonary fibrosis, which
causes fatal outcomes from the developed complications of
chronic respiratory failure and chronic pulmonary heart [1,
2, 3, 4]. Besides medical, silicosis is a significant social
problem because it requires serious healthcare and economic
resource for prevention, early diagnosing, treatment and re-
habilitation of the diseased. In 2017, research of the Global
Burden of Disease (GBD) identified 23 695 cases of dis-
eased with silicosis, which represents 39% of the total of
60 055 registered patients with pneumoconiosis [5]. It is
known that multiple factors participate in inflammatory and
fibrotic reactions, such as interleukin-6, interleukin-1 beta,
tumor necrosis factor alpha, transforming growth factor beta
and insulin-like growth factor 1 [6]. Four clinical forms of
the disease are described: simple chronic silicosis, acute
silicosis, acute silicoproteinosis and accelerated silicosis
[7]. In the initial stage, the patient could be asymptomatic
or have complaints of shortness of breath, easy fatigue and
chest tightness/shooting pain. Although not pathognomonic,
these three symptoms shape the so-called “silicotic triad”,
which is characteristic of the clinical picture of the initial
uncomplicated forms of silicosis. Patients also report night
sweats and can also have a low-grade fever [8]. In the begin-
ning, the results from spirometry could also not show devia-
tions from the norm. In the more advanced stages of silico-
sis, the existing complaints persist and intensify, and a cough
with different in quantity expectoration is added to them.
The progressing pulmonary fibrosis triggers alterations in
the spirometry metrics [3]. When there is an additional bron-
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chial obstruction, the restrictive ventilatory defect could
become a mixed defect. The symptoms could appear even
after suspension of the occupational dust exposure [3, 9]. As
primary criteria for setting the diagnosis and labor expert
assessment of silicosis are accepted, the following two — the
dust-hygiene criteria and the results from lung imaging [1,
2, 3]. The first one requires objectivization of the occupa-
tional exposure to excessive levels of quartz in the air of the
working environment. The second one should fulfill the ra-
diographic criteria for a given type of pneumoconiosis (af-
ter qualitative and quantitative reporting with the help of
ILO’1980). In simple chronic silicosis, the chest x-rays show
a nodular model of small round shadows, which are distrib-
uted symmetrically and are predominant in the upper zones
[7]. High-resolution computed tomography (HRCT) has
higher sensitivity and is more informative in the detection
of lung nodular changes [10]. The currently available thera-
peutic options are minimal and focus solely on relieving
symptoms, prevention further progression of the disease and
improving the general condition, as well as reducing the
risk of associated disorders [8]. The majority of interven-
tions are maintenance and consist of additional oxygen ap-
plication in patients with hypoxia, recommended vaccina-
tions, adequate treatment of the infectious complications
and pulmonary rehabilitation [11]. Pirfenidone and
Nintedanib, approved by the United States Food and Drug
Administration for idiopathic pulmonary fibrosis, are well
documented in silicotic models [4]. It is considered that the
bronchoalveolar lavage improves the control of the illness
and the quality of life, especially in the early stages of the
disease. Tetrandrine is the only medication approved for
the treatment of silicosis in China by the regulatory au-
thorities [9]. Some authors indicate lung transplantation as
the first line therapy of silicosis in the advanced stage [11].
In the specialized medical literature, combinations of
chronic silicosis with other lung and non-lung diseases are
indicated the combinations with lung cancer and rheuma-
toid arthritis. For the first, association is assumed to be a
causative relationship between quartz exposure and lung
cancer. On the one hand, it is considered that quartz is among
the probable carcinogens in people. On the other hand,
chronic silicosis is indicated as a disease most commonly
associated with lung cancer [2].

The combination between silicosis and rheumatoid
arthritis is more known in the literature as Caplan’s syn-
drome [1, 2, 3]. Other forms are also described, such as com-
bination with scleroderma, systemic lupus erythematosus
and dermatomyositis [3]. Lung cancer is one of the most
common malignant diseases in the world [12]. The survival
rate is one of the worst among all types of tumors, as the 5-
year survival rate is 10-20% [13]. The life expectancy is
strongly influenced by the stage of the disease. The 5-year
survival rate varies from 92% for the earliest to 0% for the
latest stages, respectively [14]. Worldwide, most lung can-
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cer cases are attributed to smoking, but they could also be
caused by exposure to risk factors from the working envi-
ronment [15]. The International Agency for Research on
Cancer is currently listing 19 substances which are proven
to be linked to lung cancer [16]. The classification of lung
cancer according to its anatomical localization divides it
into central (mostly squamous cell carcinoma and small-
cell carcinoma) and peripheral (mostly adenocarcinoma and
large-cell carcinoma). According to the histological classi-
fication, there could be small-cell lung cancer (small-cell
carcinoma) and non-small-cell lung cancer (squamous cell
carcinoma, adenocarcinoma, large-cell carcinoma) [17].
Radiotherapy is an important tool used for the treatment of
lung cancer. Seventy-seven percents of all patients have
evidence-based indication for radiotherapy. It could be used
in all stages of the disease [18].

Asthma is a heterogeneous disease characterized by
chronic allergic airway inflammation. The criteria for diag-
nosing and controlling the illness are from the medical his-
tory, clinical, functional and laboratory. The most distin-
guished clinical features of asthma are the attack of expira-
tory dyspnea and wheezing, as well as some patients experi-
encing chest tightness and cough. The respiratory symp-
toms vary in time and in intensity, together with a variable
airflow limitation throughout exhalation. The airflow limi-
tation could persist with the disease’s progress [19]. Certain
diagnosis of asthma requires interpretation of patient-re-
ported symptoms and investigation of lung function. It is
essential to exclude asthma-imitating diseases, especially
in elderly patients, who are more inclined to have
comorbidities. The setting of asthma diagnosis requires the
presence of reversible obstruction when performing spirom-
etry [20]. Bronchial obstruction in asthma is reversible spon-
taneously, or after an appropriate drug treatment, but in case
of unsatisfactory therapeutic control, it could progress to
airway remodeling, respiratory failure and the patient’s dis-
ability. An acute worsening of the illness in the form of asth-
matic attacks or exacerbations could occur at every moment
without warning and could be life-threatening [21]. Inhaled
corticosteroids improve the disease control and reduce
asthma exacerbations [22].

The aim of this article is to prove the correlation be-
tween these three important diseases affecting the lungs.

MATERIALS AND METHODS:

For describing the case, the available medical docu-
mentation of the patient is used, including: consultations
with specialists and paraclinical investigations in outpa-
tient care, history of the disease from hospitalization of the
individual in the Department of Occupational Diseases with
Clinical Allergology activity in UMHAT “Saint George”
EAD-Plovdiv with applied results from the performed clini-
cal and paraclinical investigations. In other hospitals, dis-
charge summaries are executed with imaging and functional
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lung, blood, biochemical, immunohistochemical, microbio-
logical, and serological tests. The lung imaging is performed
and deciphered in accordance with the perceived by Inter-
national Classification of Radiographs of Pneumoconioses
(ILO’80) qualitative and quantitative criteria for the descrip-
tion of radiographic findings in silicosis [3]. The patient is
discussed by a specialized association with the participa-
tion of the working in the clinical structure occupational
health physicians, internists, pulmonologists, allergologists,
toxicologists and ENT (ear, nose and throat) specialists. The
labor-medical expertise of the dust lung disease is performed
on the basis of clinical, paraclinical and documentary ex-
amination of the individual in accordance with the acting
regulatory framework on administering occupational dis-
eases in the Republic of Bulgaria [23]. For describing the
case, written consent is received from the patient.

DESCRIPTION OF THE CLINICAL CASE:

We present a 68-year-old patient, in whom in June
2020, due to complaints of hemoptysis, dyspnea, chest tight-
ness, cough with expectoration of whitish phlegm, episodi-
cal wheezing and fatigue, a lung computed tomography is
performed. A soft-tissue rounded lesion with spicule-shaped
outlines in the area of the third segment of the left lung,
sized 28/32/22 mm, is established. A fibrobronchoscopy is
performed — without endoscopic data for the endobronchial
proliferative process, the formation in the left is peripheral.
The histological result is negative for tumor cells. In June
2021, a lung computed tomography is executed again —
with data for a soft-tissue lesion in the area of the second
segment of the left lung, which is associated with a tumor
process; second nodular lesion in the left, dissemination is
observed; suspected hilar lymph nodes (fig. 1.).

Fig. 1. Soft-tissue lesion in the area of the second
segment of the left lung, which is associated with a tumor
process; second nodular lesion in the left
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In April 2022, there are computed tomography data
for interstitial pneumonia in the left, bronchiectasis in the
left, advancing and cavitary disintegration of solid forma-
tion in the first and second segments in the left (DD: periph-
eral lung cancer, aspergilloma, tuberculous cavern), reac-
tive pleural effusion in the left (fig. 2.).

Fig. 2. Interstitial pneumonia in the left, bronchiectasis
in the left, advancing and cavitary disintegration of solid
formation in the first and second segments in the left lung

The patient is consulted with a phthisiatrician, and
tuberculosis is rejected. In May 2022 is performed explora-
tive left thoracotomy with biopsy. A tumor formation is es-
tablished, deriving out from the upper lobe with a diameter
of around 5 cm and central disintegration, growing on a
vast base and spreading to the lower lobe. Morphologically,
a poorly differentiated squamous cell carcinoma is diag-
nosed, with lung metastasis in the left perihilarly. Due to the
bad results from the functional lung testing (a mixed type
ventilatory disorder), it is estimated that a radical surgical
intervention (pneumonectomy) could not be executed. An
adjuvant chemotherapy is initiated. In January 2023 and
August 2023, there are spirometry data for an obstructive
ventilatory disorder. In April 2023, stereotactic radiosur-
gery of the lung metastatic lesion in the left perihilarly is
performed.

Occupational route and medical documentation for
diseases from health-risk factors of the working environ-
ment:

Total work experience of 25 years as a miner. Occu-
pational exposure, preceding the occurrence of diseases, to
dust with a high quartz content, unfavorable microclimate,
vibrations, noise, dynamic and static overstrain of the limbs.
The expert decision of TEMC (territorial expert medical
commission) for specific and non-specific lung diseases -
Plovdiv is presented, from 2008, with accepted occupational
disease: Vibration disease II-III stage for upper limbs from
local vibration; Silicosis I stage — mixed form, early, com-
pensated; Respiratory failure 0.
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Physical examination:

Poor general condition. Orientated, adequate.
Afebrile. Dyspnea and easy fatigue in minimal physical ex-
ertion. Spastic cough with expectoration of whitish-yellow-
ish secretions. Pronounced bilateral hypoacusis. Skin and
visible mucosae — pale. Tongue — dryish, coated. Peripheral
lymph nodes on available for palpation areas — not enlarged.
Cardiovascular system: rhythmic heart activity, muffled heart
sounds, arterial pressure — 140/90 mmHg, heart rate — 78
bpm. Abdomen: under the level of the thorax, soft, painless

on palpation. Liver — on the costal arch. Spleen — not en-
larged on palpation. Succussio renalis — negative (-) bilater-
ally. Musculoskeletal system: without stagnation edema on
the lower limbs.

Actual physical lung status:

Emphysematous chest. Operative cicatrix from tho-
racotomy in the left chest. Hypersonorous percussion sound.
Bilaterally weakened vesicular respiration with extended
exhalation. Diffusely scattered dry wheezing rales in both
lungs. (Tables 1, 2, 3)

Table 1. Blood and biochemical tests

Full blood count Full blood count llj)llof(f)ilre:otilit Biochemistry Biochemistry
HGB - 102 g/L (PLT) — 214 x 10771 Sg-61.1% GLU - 7.2 mmol/L ALB - 37.4 g/l
(140-180 g/L) (140-400 x 10°/1) (42-70 %) (2.8-6.1 mmol/L) (35-52 g/1)
RBC-3.71/1 WBC) — 18.25 x 10%/1 Eos - 15.5 % CREA- 71 umol/L CK -37 U/
(4.5-6 x 10'/1) (3.5-10.5 x 10°/1) (0-6 %) (74-134 umol/L) (25-200 U/)
HCT -0.33 L/L MPV -8 fL Baso - 0.2% URIC ACID - 408 pumol/L CK-MB -24.4 U/l
(0.40-0.54 L/L) (7.2-11.2 fL) (0-2 %) (208-428 pumol/L) (0-22 UM
MCV -95.1 fL THROMBOCRIT Mono — 1.8 % | UREA- 6.9 mmol/L GGT -24 U/
(82-98 fL) -0.172 % (0.109-0.485 %) | (5.8-11.8 %) (3.2-8.2 mmol/L) (0-55UN)
MCH - 30.1 pg ESR — 28 mm/h Lymph — 8.8 % | ASAT -22.3 U/L ALP - 100 U/
(27-33 pg) (2-25 mm/h) (22-48 %) (0-50 U/L) (30-120 U/
MCHC-316 g/L PDW - 7.8 % ALAT - 10 U/L

(300-360 g/L) (8-65 %) (0-50 U/L)

(RDW) —22.4 % T.PROTEIN - 65.6 g/1

(11-16%) (60-83 g/1)

Table 2. Immunological and acid-alkaline tests

Immunology

Indicators of acid-alkaline balance

(blood gas analysis)

Total IgE — 410 IU/ml (0-190 TU/ml)

pH — 7.345 (7.350-7.450)

Serum complement C3 — 1.195 g/1
(0.811-1.570 g/n)

pCO2 —45.4 mmHg (35.5-44.7 mmHg)

Serum complement C4 — 0.205 g/l
(0.129-0.392 g/1)

pO2 — 68 mmHg (83-108 mmHg)

Serum complement Cl-esterase inhibitor
/quantity/ - 0.294 g/1 (0.220-0.380 g/1)

ctHb — 162 g/1 (140-180 g/1)

Serum complement C1-esterase
inhibitor /function/ - 90 % (=68%)

Hct — 49.6 % (40-54 %)

Conclusion from blood gas analysis:
Respiratory acidosis, hypoxemia,

hypercapnia, hyposaturation.

sO2 — 81 % (290 %)

FO2Hb —93.3 % (94-98 %)

FCOHb - 1.3 % (0.5-1.5 %)

FMetHb — 1.4 % (0-1.5 %)

cBase(B.ox)c-ABE =-1.6

cBase(Ecf)c-ABE =-1.7
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Table 3. Skin-prick test with panel of allergens

I. GRASSES 20 min. IV.DUST MITES 20 min.
688 (5 grasses) 10/6 314 (D. farinae) 716
671 (Rye) 8/6 315 (D. pteronyssinus) /-/ neg.
II. TREES V. ANIMAL ALLERGENS

632 (Ash tree) 7/5 507 (Cat) /-/ neg.
615 (Common Birch) 11/6 509 (Dog) /-/ neg.
716 (Juniper) 5/4

HIL.WEEDS VI. CONTROLS

604 (Ambrosia) /- neg. Positive control (Histamine) 35/12
665 (Plantain) /-/ neg. Negative control /-/ neg.
Conclusion: Objectivation of sensitization to pollens from grasses (5 grasses and rye), trees
(ash tree, common birch and juniper), and dust mites (D. farinae).

Therapy:

The therapeutic scheme includes oxygen therapy,
inhalation and parenteral application of systemic
corticosteroids and bronchodilators in adequate to the
state of the patient doses, mucolytics and expectorants.

Hospitalization outcome:

The patient is discharged without essential clini-
cal and physical improvement.

Recommendations given to the general practi-
tioner:

Dynamic clinical and functional lung control. Fol-
low-up by occupational health physician and pulmo-
nologist. Control, treatment and follow-up of the onco-
logical disease in the Complex Oncology Center. Control
and therapy of comorbidities — by the respective special-
ists.

Recommendations for the patient:

To conduct a therapeutic course with the prescribed
medications. To comply with the determined hygienic-di-
etetic regimen.

RESULTS:

e The association between silicosis, bronchial
asthma and lung carcinoma in the same person is ex-
tremely rare

* The specificity in the etiology, pathogenesis,
clinical course and diagnosis of these diseases portend a
poor prognosis, regardless of the time of onset and the
combination between them

* Bronchial asthma may complicate the already ex-
isting combination between silicosis and lung carcinoma
and contribute to the worsening of clinical symptoms

* The prognosis is more unfavorable with the com-
bination of these three lung disease entities.

* Despite the availability of officially accepted na-
tional and international diagnostic and therapeutic algo-
rithms and guidelines for all three diseases, they remain
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poorly studied in terms of their relationship with risk fac-
tors from the work environment

* Occupational health expertise is an important fac-
tor that can prevent the occurrence of pneumoconiosis or
slow the progression of pulmonary fibrosis, thereby reduc-
ing the risk of subsequent occurrence of lung cancer and
asthma

DISCUSSION:

Silicosis is a specific occupational disease, as risk
productions for its occurrence are mostly ore mining and
coal mining [1-3]. Epidemiological studies show that
silica exposure is associated with an increased risk of
esophageal, gastric, skin, and especially lung carcinoma.
There is unequivocal evidence for a dose-dependent re-
lationship between inhalation of free silica and the risk
of lung carcinoma, although the relative risk from expo-
sure to quartz is lower than that from other lung carcino-
gens, such as tobacco smoke or asbestos [24]. Silica ex-
posure is one of the most important modifiable risk fac-
tors for lung carcinoma. The results of a meta-analysis sug-
gest that the risk of developing lung cancer increases with
increasing levels of exposure to silica [25]. Another analy-
sis showed that workers in the mining industry had the
highest risk of lung cancer [26]. Duration and intensity
of quartz exposure determine a more severe course and
poor prognosis in patients with silicosis and low-grade
lung carcinoma. It is recommended that workers with cu-
mulative exposure to silica greater than 30 years be evalu-
ated with a computed tomography of the chest in order
to increase the chances of detecting lung carcinoma as
early as possible [24]. Respiratory symptoms in asthma,
silicosis, and lung carcinoma largely overlap, contribut-
ing to the association between these three disease enti-
ties. Bronchial obstruction is a connecting link in the de-
velopment and progression of all three diseases. Com-
pared to lung cancer, hemoptysis can rarely occur in sili-
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cosis - in complications with bronchiectasis, silicotuber-
culosis and thromboembolism. Regarding functional dis-
orders, restrictive ventilatory failure predominates in sili-
cosis, and at a later stage, after secondary obstruction, the
predominant ventilatory defect is of a mixed type [1, 2,
3]. In asthma, unlike silicosis, the ventilatory defect is of
an obstructive type. Although perceived as “advanced”,
current anti-fibrotic treatment of silicosis, including gene
therapy, substances directed against growth hormone,
cytokines, and antioxidants, is still unproven effective and
specific [2, 3]. Most lung cancer patients exhibit symp-
toms such as hemoptysis, cough, shortness of breath, chest
pain, and persistent infections [27]. X-ray and computed
tomography are the primary diagnostic methods for de-
tecting a tumor process in the lung. Facial pulmono-
graphy is the first test done when lung cancer is suspected
[17]. When a suspicious lesion is detected, more detailed
information and additional morphological immunogenetic
and histochemical studies are required [28]. Lung cancer
screening with computed tomography has been shown to
reduce mortality in large randomized controlled trials
[29]. Lung tumors can present as central or peripheral
masses [28]. The clinical symptoms, the physical findings,
blood eosinophilia found in the patient, increased levels
of total IgE, as well as the positive skin-allergic tests from
testing with a panel of indoor and outdoor allergens
objectify the diagnosis of bronchial asthma. A number of
researchers believe that asthma is a potential risk factor
for lung cancer since chronic allergic inflammation, and
especially the remodeling of the bronchial tree that oc-
curs in the end stage of the disease, also plays a key role
in its pathogenesis [30]. Asthma, lung carcinoma, and sili-
cosis may share some common pathogenetic mechanisms
involving proinflammatory mediators. A similar associa-
tion can be commented on between asthma and silicosis
since both diseases have common pathophysiological
mechanisms related to the role of cytokines and
interleukins, such as IL-1, IL-2, TNFo., y-interferon and
others. Their role as proinflammatory and anti-inflamma-

tory mediators in the pathogenesis of asthma has been
proven. In silicosis, they are related to the release of
superoxide radicals and cytokines from activated
macrophages, which activate T-helpers. Thus, the patho-
logical process in silicosis, which debuted as a mechani-
cal-toxic one, “switches” to a cell-mediated type of im-
mune reaction with the release of IL-2 and y-interferon
from T lymphocytes. Changes in humoral immunity have
also been reported, blocking the function of T-suppressor
lymphocyte.

CONCLUSION:

The incompletely understood etiology and patho-
physiological mechanisms of silicosis and lung cancer, the
lack of specific and effective radical treatment, as well as
the difficulty in therapeutically controlling bronchial
asthma are all factors that are associated with a poor prog-
nosis, especially when the three diseases are combined in
the same patient. Nevertheless, the interdisciplinary ap-
proach of specialists working in one team - internists,
professional pathologists, pulmonologists, allergists,
oncologists, enables faster and more accurate diagnosis
of diseases, discovers opportunities for prevention of
some of them, can improve control and treatment in the
same patient and assists in performing an adequate occu-
pational medical examination of the patient to improve
the quality of his life.

Abbreviations:
GBD - Global Burden of Disease
ILO-80 - ILO International Radiological Classification of
Radiographs of Pneumoconioses, Geneva,1980
HRCT - High-resolution computed tomography
ENT - Ear, Nose and Throat
DD - Differential Diagnosis
TEMC - Territorial Expert Medical Commission
UMHAT - University multiprofile hospital for active treat-
ment
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