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Background: Asbestos exposure is closely related to the occurrence and

development of various malignancies. This prospective cohort study aimed to

evaluate the incidence rate and potential risk factors in a cohort of asbestosis

patients in China.

Methods: The incidence of malignancies was determined in patients who had

been exposed to chrysotile asbestos and diagnosed with asbestosis sequentially

at Beijing Chaoyang Hospital from 1 January 2007 to 31 December 2019. Cox

regression analyses were used to analyze the correlations between clinical

variables and asbestosis combined with malignancies.

Results: A total of 618 patients with asbestosis were identified, of whom 544

were eligible for analysis. Among them, 89 (16.36%) were diagnosed with various

malignancies. The standardized incidence ratios (SIRs) of patients with asbestosis

combined with malignancies were 16.61, 175, 5.23, and 8.77 for lung cancer,

mesothelioma, breast cancer, and endometrial carcinoma, respectively. The risks

of all malignancies and lung cancer increased with initial exposure before 17

years old, longer asbestos exposure, and smoking.

Conclusions: The SIRs of patients with asbestosis-related malignancies were

significantly increased in lung cancer, mesothelioma, breast cancer, and

endometrial carcinoma in a hospital-based Chinese cohort. Smoking and the

duration of asbestos exposure increased the risk of lung cancer.
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1 Introduction

Despite the well-documented health risks associated with

asbestos, it is still widely used in various industries such as

construction, insulation, and textiles due to its advantageous

characteristics of durability and resistance to heat, chemical, and

biological degradation (1). The global burden of disease related to

occupational and environmental exposure to asbestos may have

been significantly underestimated (1). The recognition of asbestos-

related diseases (ARDs) is warranted especially in the countries and

regions where the exploitation and application of asbestos have not

been prohibited. By the end of 2013, more than 50 countries and

regions, including all member states of the European Union, have

banned the use of all forms of asbestos, including chrysotile (2). The

World Health Organization estimated that 107,000 global annual

deaths were due to ARDs, with 12,000 to 15,000 deaths in the USA

(3). China is the third-largest asbestos reserve country worldwide

and also the world’s top chrysotile consumer and second-largest

producer. Over a million people may be occupationally exposed to

asbestos in China, yet the disease statistics were underestimated,

and the national burden of ARDs was not well known (4).

Since the beginning of the 20th century, inhalation of asbestos,

including chrysotile, has been considered responsible for a number

of non-malignant diseases, such as small airway dysfunction,

chronic obstructive pulmonary disease, pleural fibrosis (plaque

and thickening), and asbestosis (5–8). Asbestosis is a diffuse

interstitial pulmonary fibrosis with impaired gas exchange and

reduced lung capacity, causing progressive dyspnea and even

respiratory failure. Malignancies can occur after exposure to

asbestos in the absence of asbestosis. Exposure to chrysotile has

been verified to increase the carcinogenicity risk of peritoneal and

pleural malignant mesothelioma, lung cancer, and ovarian cancer

(9, 10). More attention is currently being focused on other

malignancies, including breast and endometrial carcinoma (11, 12).

The carcinogenic potency of short chrysotile and amphibole

asbestos (crocidolite and amosite) fibers has been debated over the

years. The data from the large database of epidemiology, toxicology,

and in vitro research have shown that chrysotile increased the

malignancies as well (13, 14). The purpose of this study was to

evaluate the standardized incidence ratio of malignancies in

asbestosis patients exposed to chrysotile and to identify the risk

factors for cancer in a Chinese cohort of patients with asbestosis.
2 Methods

2.1 Study design

This descriptive study adopted a prospective cohort design and

followed guidelines established by the Strengthening the Reporting

of Observational Studies in Epidemiology (STROBE) checklist.
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2.2 Settings and participants

The incidence of malignancies was determined in a hospital-

based cohort of patients with asbestosis. Beijing Chaoyang

Hospital had an occupational medical center, which is located

20 km away from the asbestos products factories opened from the

1950s to 1970s. Further details about the hospital selection are

presented in the Supplementary Material. Patients, aged 18 years

or older, who had been exposed to chrysotile asbestos

and diagnosed with asbestosis at Beijing Chaoyang Hospital at

any time from 1 January 2007 to 31 December 2019 were

recruited. Patients with missing clinical data or other subtypes

of pneumoconiosis, family history of lung fibrosis, or other

interstitial lung diseases were excluded. The follow-up of each

patient started at the beginning of the study period or first

diagnosis and ended at the time of finding malignancies after

exposure to chrysotile, loss to follow-up, or end of the study. The

patients visited the clinic every 12 months, and the end of follow-

up was set as 31 December 2021.

The diagnosis of lung cancer andmesothelioma related to asbestos

was based on the Helsinki criteria for occupational malignancies (15).

The diagnosis of other cancers is consistent with the latest guidelines,

which are shown in the Supplementary Material.
2.3 Study procedure

2.3.1 Data collection
Data were collected from the predesigned charts, which

included demographics, anthropometric measurements,

employment history, smoking status, alcohol consumption,

medicine use, personal medical history, malignancy diagnosis

status, and asbestosis diagnosis status.

Employment history, including any previous career, was

collected by questionnaire for all patients. Due to the lack of

atmospheric measurements and detailed information on the

frequency of asbestos exposure for each job, individual exposure

was determined by the duration of employment (number of

years). Latency was defined as the time interval from the

beginning of occupational chrysotile exposure until the

asbestosis diagnosis. Tobacco consumption was calculated as

cumulative pack-years smoked. The type, location, and timing

of the malignancy’s diagnosis were ascertained by reviewing pre-

existing medical records or through interviews with the patient.

The diagnostic criteria for all malignancies are presented in the

Supplementary Material. All patients underwent chest

radiography, high-resolution computed tomography (HRCT),

and tests for pulmonary function and serum tumor markers. All

medical records and chest images were reviewed by a

multidisciplinary team to confirm the presence of features

indicating asbestosis.
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2.3.2 Lung function test
The patients with asbestosis underwent pulmonary function

tests according to the recommendations of the American Thoracic

Society and European Respiratory Society (16). Trained technicians

performed pulmonary function examination using spirometry,

whole-body plethysmography, and single-breath diffusing capacity

for carbon monoxide (DLCO SB). Respiratory physiologists were

blinded to the participants’ group. Only technically acceptable and

repeatable data were included in the data analyses. To avoid the

influence of age, height, and weight, spirometry, total lung capacity

(TLC), and DLCO SB were presented as percentages of

the predicted.

2.3.3 Imaging
Chest radiographs were obtained from each patient. Two

occupational medicine experts independently evaluated all images

and were blinded to the clinical information. All disagreements

were resolved through consensus. The interobserver correlation was

good, with a value of 0.82. Asbestosis was classified into three stages

according to the density and distribution of small and large

opacities on the posterior chest radiograph, using a national

criterion on the diagnosis of occupational pneumoconiosis (17),

which is in line with International Labour Organization (ILO)

classification guidelines (18). All enrolled patients underwent

chest HRCT with a 1-s scan time, 0.625-mm slice thickness, and

10-mm interval from the lung apex to the base, including both lungs

in the field of view. Further details about the stages of the

radiograph, including how the chest radiographs were performed,

are presented in the Supplementary Material.
2.3.4 Statistical analyses
SPSS Statistics v. 23 (IBM Inc., Chicago, IL, USA) and

GraphPad Prism v. 8 (GraphPad Software, La Jolla, CA, USA)

were used to perform statistical analyses and create plots. Patients

with asbestosis were classified into two groups, with or without

cancer, to analyze job exposure data, lung function values, and

serum tumor markers. Patients with asbestosis were classified into

three groups according to the stages of radiographs showing the

severity of the disease to analyze alongside demographics, as shown

in the Supplementary Material. The characteristics of patient groups

were compared across groups using the chi-squared test when the

expected count for each data was ≥5. Otherwise, Fisher’s exact test

was used. The results were expressed as counts and percentages (for

categorical variables). Continuous data were analyzed using the

two-tailed Student’s t-test (for two-group comparisons) or analysis

of variance (for three-group comparisons) and were expressed as

mean ± standard deviation and/or interquartile range. Standardized

incidence ratios (SIRs) were calculated according to the national

cancer incidence rates for China (19). The other SIRs whose

malignancies were not reported in the article were calculated

according to the latest epidemiologic data in the Chinese

population (20–24). The SIR was the observed number of cancers

in the study population divided by the expected number of cases.

The expected number of cases was calculated as the product of

person-years of observation and cancer incidence rates from the
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reference population. The 95% confidence intervals (CIs) for the

SIR were calculated based on the Poisson distribution. The

influencing factors including smoking, body mass index (BMI),

exposure time, and latency were tested using Cox regression in all

malignancies or lung cancer to assess their independent

relationships with asbestosis combined with malignancies and

adjusted for age and sex. Multivariate-adjusted odds ratios (ORs)

and CIs were calculated using Cox regression analysis. Statistical

significance was set at p < 0.05.
3 Results

3.1 Demographics

In total, 618 patients with asbestosis were identified according

to the diagnostic criteria for pneumoconiosis based on the ILO

classification (18). Among them, 544 patients were eligible for

analysis (Figure 1). For 544 patients, the mean age at entry to

follow-up was 69.73 (SD 8.76) years, 240 (44.1%) were male, and

143 (26.3%) patients had a history of smoking (Table 1). In total, 89

(16.36%) patients had malignancies with a median of 10.0

(interquartile range (IQR) 6.0–14.0) years’ longitudinal follow-up.

Of the 89 patients with malignant tumors of asbestosis, 27 patients

(30.34%) were diagnosed with asbestosis and malignant tumors at

the same time, and 62 patients (69.66%) were diagnosed as

asbestosis first, with a median time of 3.0 (IQR 1.0–10.5) years

later diagnosed as malignant tumors.

Beijing used to be an industrial base of asbestos, and asbestos

building materials were used in a large number of houses. The

occupations of patients with asbestosis included 300 (55.1%) textile

workers, 19 (3.5%) maintenance workers, 26 (4.8%) batchers, 12

(2.2%) brake pad producers, 20 (3.7%) building material producers,

19 (3.5%) boiler workers, and 148 (27.2%) other workers. The

incidence of all malignancies and lung cancer had no significant

difference between different work types. Malignancies occurred

across all stages of asbestosis. We conducted a correlation analysis

to investigate the relationship between the presence of malignancy

and the severity of pneumoconiosis. Our findings indicated no

significant assoc iat ion between asbestos i s s tage and

malignancy occurrence.

No significant difference in lung function values was observed

in the patients with or without malignancy (Table S1). The

demographics of the enrolled patients according to the stages of

chest image are shown in Table S2. Whether smoking or not, the

patients with a higher stage of asbestosis had more airflow

limitation, air trapping, and diffusion dysfunction. Forced vital

capacity (%), forced expiratory volume in 1 s (%), TLC (%), and

DLCO SB (%) were significantly reduced among the patients with

different stages of asbestosis (Table S3).
3.2 Incidence of malignancies

Of all 544 patients with asbestosis, a total of 89 (16.36%)

patients had malignancies. The top four malignancies in
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asbestosis patients were lung cancer (52, 9.56%), breast cancer in

female patients (8, 2.63%), gastrointestinal cancer (8, 1.47%), and

mesothelioma (7, 1.29%). The composition of malignancies is

shown in a pie chart (Figure 2). Among these patients with

malignancies, four (4.49%) patients had two malignancies, which

were endometrial carcinoma and lung cancer, endometrial

carcinoma and breast cancer, kidney cancer and bladder cancer,

and breast cancer and parafalcine meningiomas, respectively. In 52

patients with asbestosis and lung cancer, 33 (63.46%) had

adenocarcinoma, 5 (9.62%) had squamous cell carcinoma, 4

(7.69%) had small cell carcinoma, and 10 (19.23%) had unknown

pathological findings. The observed and expected incidence of

malignancies and the corresponding SIRs in patients with

asbestosis are shown in Table 2. A statistically significant increase

in SIRs was noted for overall cancer (SIR 5.36, 95% CI 5.09–5.66),

lung cancer (SIR 16.61, 95% CI 14.82–18.68), and mesothelioma

(SIR 175, 95% CI 68.05–644.07). A statistically significant increase

in breast cancer (SIR 5.23, 95% CI 4.39–6.26) and endometrial

carcinoma (SIR 8.77, 95% CI 6.66–11.75) was found in

female patients.
3.3 Risk factors of asbestosis-related
malignancies

The median duration of chrysotile exposure was 12 years,

ranging from 1 to 44 years. The median latent period was 50

years for patients with asbestosis and malignancies. The risk of all
Frontiers in Oncology 04
malignancies increased with initial exposure before 17 years old

(HR 2.27, 95% CI 1.31–3.93, p = 0.01), longer asbestos exposure

(HR 6.44, 95% CI 3.55–12.40, p < 0.01), and smoking (HR 1.66, 95%

CI 1.00–2.67, p = 0.04) by Cox model fitted analysis (Table 3). The

risk of lung cancer increased with smoking (HR 2.49, 95% CI 1.38–

4.50, p = 0.01), initial exposure before 17 years old (HR 2.20, 95% CI

1.07–4.50, p = 0.03), and year of asbestos exposure (HR 10.83, 95%

CI 4.64–25.27, p < 0.01), as shown in Table 4.

The risk of mesothelioma increased with the year of asbestos

exposure (HR 7.38, 95% CI 1.24–43.97, p = 0.03). Asbestos exposure

and tobacco smoking interact synergistically for the causation of

various malignancies (HR 2.13, 95% CI 1.14–4.00, p < 0.01) or lung

cancer (HR 2.61, 95% CI 1.22–5.60, p = 0.01), respectively,

described by a multiplicative model. We found that longer

asbestos exposure (HR 5.22, 95% CI 2.53–10.76, p < 0.01)

increased the risk of all malignancies in women as well. There

was no significant difference between gynecologic cancer, breast

cancer, gastrointestinal cancer, and asbestosis exposure time. All

models excluded smoke, sex, and age as confounders.
4 Discussion

ARDs are a serious public health threat and remain a major

worldwide occupational burden. It is well known that asbestos

exposure causes lung and pleural fibrosis (25). As a class I

carcinogen, asbestos is closely related to the occurrence and

development of malignancies (26). The cohort study is based on
FIGURE 1

Flowchart of the study population. A total of 618 patients were recruited from Beijing Chaoyang Hospital. Of them, 12 patients were excluded due to
diagnosis of other types of pneumoconiosis, 8 patients due to interstitial lung disease, and 54 patients due to missing data. Finally, 544 patients with
asbestosis were included in the study. Nine patients were excluded from with malignancies group due to malignancy diagnosis before asbestosis.
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an active recruitment of long-term surveillance of patients with

pneumoconiosis for the worker’s compensation. The data showed

the incidence of malignancies in patients with asbestosis after being

exposed to chrysotile in a median of 10 years’ longitudinal

observation. A statistically significant increase in SIRs was

observed for all malignancies. Among these, the SIRs of the

asbestosis patients with malignancies were 16.61, 175.00, 5.23,

and 8.77 in lung cancer, mesothelioma, breast cancer, and

endometrial carcinoma, respectively. The duration of chrysotile

exposure and history of smoking were independent risk factors

for asbestosis combined with malignancies in this cohort. The

carcinogenicity of chrysotile, especially for lung cancer while

controlling for smoking, was analyzed. In addition, the data

showed the detailed clinical characteristics of asbestos-induced

healthy effects, such as asbestosis stages or lung function

impairments, and the potential risk factors for the development

of malignancies.

The association of exposure to chrysotile asbestos with lung

cancer has been a pressing topic for a long time (27). The

concentration of chrysotile remains stable and offers explanations

for ARDs (28). A positive correlation between chrysotile and lung

cancer is supported by increasing amounts of data, which is verified
Frontiers in Oncology 05
by our result as well (29, 30). The cohort studies of a Finnish

population showed that the SIR of lung cancer was significantly

increased in the asbestosis patients: the SIR for lung cancer was

about twofold to 10-fold (31). Mortality rates for lung cancer and

non-malignant respiratory diseases in asbestos workers were

approximately four times higher than those of the general

population (32, 33). Meanwhile, a strong exposure–response

relationship between estimated exposure to asbestos and mortality

from lung cancer and asbestosis has been found (34). Smoking and

asbestosis have a joint effect on the increased incidence of lung

cancer (35, 36). In comparison to the same period of a published

cohort study, Chinese miners were exposed to much higher levels of

asbestos overall than in Canada (32, 37). Data from the Qinghai

mines indicated that total dust concentrations were 70 to 400 times

higher than the national standard for asbestos dust (2 mg/m3) until

1995. In 2006, total stationary dust levels ranged from 12 to 197 mg/

m3, averaging 91 mg/m3 (32). Meanwhile, Canadian studies

revealed that workers with the highest exposure levels had an

average exposure of 66.55 f/ml in 1968 when asbestos

concentrations were at their peak, with this figure decreasing to

3.19 f/ml and the maximum exposure declining to 18.8 f/ml

between 1976 and 1994 (37). The discrepancy between asbestos
TABLE 1 Demographics of enrolled patients.

Characteristics All With malignancies Without malignancies p-Value*

N (%) 544 (100%) 89 (16.4%) 455 (83.6%)

Age, years 69.73 ± 8.76 69.43 ± 8.66 69.79 ± 8.79 0.72

Male gender, n (%) 240 (44.1%) 40 (44.9%) 200 (44.0%) 0.86

Exposure time, years 16.64 ± 12.00 17.42 ± 12.29 16.48 ± 11.95 0.50

Initial dust exposure age, years 18.32 ± 8.66 20.24 ± 9.29 17.94 ± 8.49 0.02

Latency, years 46.93 ± 11.17 44.84 ± 11.81 47.34 ± 11.01 0.05

BMI, kg/m2 26.05 ± 3.69 25.50 ± 3.22 26.12 ± 3.74 0.30

BMI#, kg/m2, n (%) <18.5 7 (1.3%) 2 (2.2%) 5 (1.1%) 0.00

18.5–24.9 160 (29.4%) 15 (16.9%) 145 (31.9%)

≥25.0 240 (44.1%) 27 (30.3%) 213 (46.8%)

Unknown 137 (25.2%) 45 (50.6%) 92 (20.2%)

Smoking, n (%) 143 (26.3%) 29 (32.6%) 114 (25.1%) 0.14

Pack-years of smoking, n (%) 0 401 (73.7%) 60 (67.4%) 341 (74.9%) 0.03

<10 37 (6.8%) 4 (4.5%) 33 (7.3%)

10–19.9 32 (5.9%) 7 (7.9%) 25 (5.5%)

≥20 74 (13.6%) 18 (20.2%) 56 (12.3%)

Stages of asbestosis, n (%) Stage I 434 (79.8%) 69 (77.5%) 365 (80.2%) 0.52

Stage II 93 (17.1%) 19 (21.3%) 74 (16.3%)

Stage III 17 (3.1%) 1 (1.1%) 16 (3.5%)
fro
BMI, body mass index; N, number; SD, standard deviation.
Latency means the time of initial dust exposure year to diagnosis year. Exposure time means the time from the initial dust exposure year to the end of the dust exposure year. Data are presented as
means ± SD or n (%).
*p-Values were calculated by t-test for continuous variables and Fisher’s exact test for categorical variables.
#The patients with BMI < 18.5 kg/m2 mean underweight, 18.5–24.9 kg/m2 mean normal range, and ≥25.0 kg/m2 mean overweight and obese.
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TABLE 2 Incidence of malignancies in the patients with asbestosis.

Malignancies Observed (n) Incidence (%) Expected (n) SIR* (%) 95% CI (%)

All malignancies* 89 16.36 16.59 5.36 5.09, 5.66

Lung cancer*(19) 52 9.56 3.13 16.61 14.82, 18.68

Mesothelioma*(20) 7 1.29 0.04 175.00 68.05, 644.07

Breast cancera*(19) 8 2.63 1.53 5.23 4.39, 6.26

Endometrial carcinomaa*(19) 5 0.92 0.57 8.77 6.66, 11.75

Gastrointestinal cancer(19)

Stomach cancer 1 0.18 1.63 0.61 0.47, 0.79

Colorectal cancer 5 0.92 1.57 3.19 3.01, 3.38

Pancreas cancer 2 0.37 0.38 5.33 4.77, 5.97

Genitourinary cancer

Kidney cancer(21) 1 0.18 0.30 3.35 2.95, 3.83

Ureteral cancer(22) 1 0.18 0.06 15.74 14.53, 17.09

Prostate cancerb(23) 1 0.18 0.64 1.56 1.13, 2.17

Thyroid cancer(19) 1 0.18 1.05 0.95 0.72, 1.27

Malignant meningioma(19) 1 0.18 0.07 14.36 13.30, 15.54

Multiple myeloma(24) 2 0.37 0.49 4.07 3.69, 4.51

Others 2 / / / /
F
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SIR, standardized incidence ratio; CI, confidence interval.
The SIR is calculated based on the national cancer incidence rate in China (19). The other SIR is based on the latest published epidemiological data (20–24). Others: including malignant myxoma
and ovarian cancer.
* Significant difference.
aOnly female, n = 304.
bOnly male, n = 240.
FIGURE 2

Distribution of malignancies in the patients with asbestosis (n = 89).
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textile workers and asbestos miners was reported and evaluated in a

number of studies, which suggested a generally higher risk of lung

cancer in the asbestos textile industry than in the asbestos mining

industry (38, 39). Due to economic reasons and ignorance of the

hazards of asbestos, some of the individuals exposed to asbestos did

not go through regular physical examinations, leading to a delayed

diagnosis. Eventually, some of them developed symptoms of

discomfort and were diagnosed with asbestos lung and malignant

tumors at the same time at Beijing Chaoyang Hospital. The average
Frontiers in Oncology 07
latency period of these patients was 45.9 years, surpassing the

typically accepted range of 10 to 40 years.

Mesothelioma, a “20th-century tumor”, is a rare malignancy

with an incidence of four to five patients per 1,000,000 person/years,

which develops in the pleura, pericardium, and peritoneum.

Asbestos is the dominant cause of human malignant

mesothelioma and is responsible for at least 85%–90% of pleural

malignant mesotheliomas among men (40). The SIR of pleural

mesothelioma was variable from 5.79 to 52.5 in workers exposed to
TABLE 3 Cox regression estimating hazard ratio and 95% confidence interval for malignancies.

HR 95% CI p-Value

Smoking status

Smoking 1.66 1.00, 2.67 0.04

non-smokers 1.00 Ref.

Age of initial dust exposure

<17 years 2.27 1.31, 3.93 0.01

≥17 years 1.00 Ref.

Latency

>50 years 0.46 0.27, 0.77 0.01

≤50 years 1.00 Ref.

Duration of asbestos exposure

1–12 years 6.64 3.55, 12.40 0.00

12–44 years 1.00 Ref.
fron
HR, hazard ratio; CI, confidence interval.
Latency means the time of initial dust exposure year to diagnosis year. Duration of asbestos exposure means the time of initial dust exposure year to the end of dust exposure year.
TABLE 4 Cox regression estimating hazard ratio and 95% confidence interval for lung cancer.

HR 95% CI p-Value

Smoking status

Smoking 2.49 1.38, 4.50 0.01

Non-smoking 1.00 Ref.

Age of initial dust exposure

<17 years 2.20 1.07, 4.50 0.03

≥17 years 1.00 Ref.

Latency

>50 years 0.47 0.24, 0.94 0.03

≤50 years 1.00 Ref.

Duration of asbestos exposure

1–12 years 10.83 4.64, 25.27 0.00

12–44 years 1.00 Ref.
HR, hazard ratio; CI, confidence interval.
Latency means the time of initial dust exposure year to diagnosis year. Duration of asbestos exposure means the time of initial dust exposure year to the end of dust exposure year.
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asbestos (41, 42). Our data showed that SIR was much higher

possibly due to the low incidence of mesothelioma in China. The

incidence rate of mesothelioma ranges from 0.6 to 30 per million in

Western countries (43), whereas the incidence of mesothelioma was

only 1.5 per million in China from 2008 to 2012, which may be due

to missing reports or underdiagnoses (44). Chrysotile may migrate

from the lung to the pleura (45). An occupational history of brief or

low-level exposure to asbestos was considered sufficient for

mesothelioma to be considered occupationally related (20).

Similar results were obtained here, which showed that longer

exposure to chrysotile may confer a long-term risk of

developing mesothelioma.

Evidence of a potential association between asbestos exposure

and outcomes of gastrointestinal cancer has been observed.

However, the data are inconsistent (46, 47). Drinking water

contaminated with asbestos fibers from asbestos-containing water

pipes or natural contamination has been noted (48). Studies among

women exposed occupationally to various types of asbestos have

reported increased risks for ovarian and cervical cancers, but not for

breast cancer (49). The only study to suggest any association found

a non-significant excess of breast cancer among female factory

workers with severe exposure of 2 years’ duration (50). Asbestos

fibers have been found in the ovaries of women whose household

contacts worked with asbestos and among Norwegian paper and

pulp workers (51). The mechanism of transportation of asbestos

fibers to the ovary is not clearly understood. In the present study,

there is no significant difference between gynecologic cancer, breast

cancer, gastrointestinal cancer, and asbestosis exposure time. SIRs

of gynecologic cancer, breast cancer, and gastrointestinal cancer

were increased in asbestosis patients, which may partly be due to the

screening effect. The relationships between asbestosis or asbestos

exposure and various malignancies, e.g., gynecologic cancer, breast

cancer, and gastrointestinal cancer, still need further investigation.

The screening effect during follow-up may indicate the early

diagnosis of cancers in the cohort of asbestosis. A previous study

showed that in 7.2 years of regular follow-up in Europe, the

incidence of lung cancer was 0.49% (52). A 5-year, multicenter,

population-based, prospective cohort study in China also showed

that the incidence rate of lung cancer was 0.35% (53). In spite of a

screening effect for lung cancer, the incident rate of lung cancer, as

well as breast cancer and endometrial carcinoma, in patients of this

cohort of asbestosis was higher than that in people without

exposure according to the calculation of SIR for China (54, 55).

Despite these findings, the present study had several limitations.

First, due to a lack of data on individual workplace environments or

concentrations of asbestos fibers, this study may lack the ability to

estimate the exposure–response relationship between cumulative

exposure to asbestos and the prevalence of malignancies. Second, a

selection bias may exist. A total of 544 patients with asbestosis were

enrolled from a single medical center with a reputation for

occupational medicine, and although the sample size is one of the

largest in the country, the incidence data are still unknown for the

entire nation. Third, the study was limited by the lack of a control

group of dust-exposed workers without asbestosis, for comparison

of the cancer incidence in patients with asbestosis and dust-exposed

workers without asbestosis. Fourth, this study had a screening bias,
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which may lead to the early diagnosis or overdiagnosis of

malignancies. The SIR of other unrelated cancers was increased,

which may suggest that active cancer screening programs could

have contributed to the increased detection of the whole range of

malignancies. Finally, some of the malignancy sizes of the study

population were too small to examine cancer types with less than

one or two expected patients. The mortality of asbestosis remains to

be elucidated in large samples and longitudinal observations.
5 Conclusions

The present study focused on the incidence rate of asbestosis

combined with malignancies and other potential risk factors in a large

Chinese cohort with median of 10 years’ follow-up. Asbestos exposure

is not only a serious occupational health problem but also an

environmental pollution that may continuously threaten the health

of the population. The data demonstrated that the incidence of

asbestosis combined with malignancies was greatly increased in lung

cancer, mesothelioma, breast cancer, and endometrial carcinoma. The

duration of asbestos exposure and history of smoking were related to

the incidence of asbestosis with lung cancer. With comprehensive

prevention and a complete prohibition of the production, processing,

and use of asbestos, the malignancies resulting from asbestos exposure

can be entirely avoided.
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dependent effect of intensity of smoking and of occupational exposure to asbestos on
the risk of lung cancer: results from the ICARE case-control study. Occup Environ Med
(2018) 75(8):586–92. doi: 10.1136/oemed-2017-104953

35. Markowitz SB, Levin SM, Miller A, Morabia A. Asbestos, asbestosis, smoking,
and lung cancer. new findings from the north American insulator cohort. Am J Respir
Crit Care Med (2013) 188(1):90–6. doi: 10.1164/rccm.201302-0257OC

36. Huh DA, Chae WR, Choi YH, Kang MS, Lee YJ, Moon KW. Disease latency
according to asbestos exposure characteristics among malignant mesothelioma and
asbestos-related lung cancer cases in south Korea. Int J Environ Res Public Health
(2022) 19(23):15934. doi: 10.3390/ijerph192315934

37. Giles Murphy T, Bornstein S, Oudyk J, Demers PA. A quantitative retrospective
exposure assessment for former chrysotile asbestos miners and millers from baie verte,
NL, Canada. Ann Work Expo Health (2021) 65(1):113–26. doi: 10.1093/annweh/
wxaa092

38. Hodgson JT, Darnton A. The quantitative risks of mesothelioma and lung
cancer in relation to asbestos exposure. Ann Occup Hyg (2000) 44(8):565–601. doi:
10.1016/S0003-4878(00)00045-4

39. Berman DW. Comparing milled fiber, Quebec ore, and textile factory dust: has
another piece of the asbestos puzzle fallen into place? Crit Rev Toxicol (2010) 40
(2):151–88. doi: 10.3109/10408440903349137

40. Markowitz S. Asbestos-related lung cancer and malignant mesothelioma of the
pleura: selected current issues. Semin Respir Crit Care Med (2015) 36(3):334–46. doi:
10.1055/s-0035-1549449

41. Lin CK, Chang YY, Wang JD, Lee LJ. Increased standardised incidence ratio of
malignant pleural mesothelioma in Taiwanese asbestos workers: a 29-year retrospective
cohort study. BioMed Res Int (2015) 2015:678598. doi: 10.1155/2015/678598

42. Ulvestad B, Kjaerheim K, Martinsen JI, Damberg G, Wannag A, Mowe G, et al.
Cancer incidence among workers in the asbestos-cement producing industry in
Norway. Scand J Work Environ Health (2002) 28(6):411–7. doi: 10.5271/sjweh.693
Frontiers in Oncology 10
43. Bianchi C, Bianchi T. Malignant mesothelioma: global incidence and
relationship with asbestos. Ind Health (2007) 45(3):379–87. doi: 10.2486/
indhealth.45.379

44. Mao W, Zhang X, Guo Z, Gao Z, Pass HI, Yang H, et al. Association of asbestos
exposure with malignant mesothelioma incidence in Eastern China. JAMA Oncol
(2017) 3(4):562–4. doi: 10.1001/jamaoncol.2016.5487

45. Suzuki Y, Yuen SR. Asbestos tissue burden study on human malignant
mesothelioma. Ind Health (2001) 39(2):150–60. doi: 10.2486/indhealth.39.150

46. Kjaerheim K, Ulvestad B, Martinsen JI, Andersen A. Cancer of the
gastrointestinal tract and exposure to asbestos in drinking water among lighthouse
keepers (Norway). Cancer Causes Control (2005) 16(5):593–8. doi: 10.1007/s10552-
004-7844-1

47. Huang Q, Lan YJ. Colorectal cancer and asbestos exposure-an overview. Ind
Health (2020) 58(3):200–11. doi: 10.2486/indhealth.2018-0271

48. Hosny G, Akel M. Assessment of asbestos in drinking water in alexandria, egypt.
J Egypt Public Health Assoc (2006) 81(3-4):181–98.

49. Camargo MC, Stayner LT, Straif K, Reina M, Al-Alem U. Demers PA
occupational exposure to asbestos and ovarian cancer: a meta-analysis. Environ
Health Perspect (2011) 119(9):1211–7. doi: 10.1289/ehp.1003283

50. Berry G, Newhouse ML, Wagner JC. Mortality from all cancers of asbestos
factory workers in east London 1933-80. Occup Environ Med (2000) 57(11):782–5. doi:
10.1136/oem.57.11.782

51. Langseth H, Johansen BV, Nesland JM, Kjaerheim K. Asbestos fibers in ovarian
tissue from Norwegian pulp and paper workers. Int J Gynecol Cancer (2007) 17(1):44–
9. doi: 10.1111/j.1525-1438.2006.00768.x

52. Huang Y, Zhu M, Ji M, Fan J, Xie J, Wei X, et al. Air pollution, genetic factors,
and the risk of lung cancer: a prospective study in the UK biobank. Am J Respir Crit
Care Med (2021) 204(7):817–25. doi: 10.1164/rccm.202011-4063OC

53. Li N, Tan F, Chen W, Dai M, Wang F, Shen S, et al. National lung cancer
screening programme group. one-off low-dose CT for lung cancer screening in China: a
multicentre, population-based, prospective cohort study. Lancet Respir Med (2022) 10
(4):378–91. doi: 10.1016/S2213-2600(21)00560-9

54. Zhang P, Chen PL, Li ZH, Zhang A, Zhang XR, Zhang YJ, et al. Association of
smoking and polygenic risk with the incidence of lung cancer: a prospective cohort
study. Br J Cancer (2022) 126(11):1637–46. doi: 10.1038/s41416-022-01736-3

55. Lei M, Adambekov S, Edwards RP, Wang R, Yuan JM, Kalix E, et al.
Endometrial cancer risk factors in Singapore Chinese: a prospective cohort study.
Ann Epidemiol (2022) 71:9–14. doi: 10.1016/j.annepidem.2022.04.002
frontiersin.org

https://doi.org/10.1016/j.shaw.2016.11.003
https://doi.org/10.1097/MCP.0b013e32835d6f56
https://doi.org/10.1080/19338244.2015.1134423
https://doi.org/10.1080/19338244.2015.1134423
https://doi.org/10.1136/oemed-2017-104953
https://doi.org/10.1164/rccm.201302-0257OC
https://doi.org/10.3390/ijerph192315934
https://doi.org/10.1093/annweh/wxaa092
https://doi.org/10.1093/annweh/wxaa092
https://doi.org/10.1016/S0003-4878(00)00045-4
https://doi.org/10.3109/10408440903349137
https://doi.org/10.1055/s-0035-1549449
https://doi.org/10.1155/2015/678598
https://doi.org/10.5271/sjweh.693
https://doi.org/10.2486/indhealth.45.379
https://doi.org/10.2486/indhealth.45.379
https://doi.org/10.1001/jamaoncol.2016.5487
https://doi.org/10.2486/indhealth.39.150
https://doi.org/10.1007/s10552-004-7844-1
https://doi.org/10.1007/s10552-004-7844-1
https://doi.org/10.2486/indhealth.2018-0271
https://doi.org/10.1289/ehp.1003283
https://doi.org/10.1136/oem.57.11.782
https://doi.org/10.1111/j.1525-1438.2006.00768.x
https://doi.org/10.1164/rccm.202011-4063OC
https://doi.org/10.1016/S2213-2600(21)00560-9
https://doi.org/10.1038/s41416-022-01736-3
https://doi.org/10.1016/j.annepidem.2022.04.002
https://doi.org/10.3389/fonc.2023.1172496
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	The incidence of malignancies in asbestosis with chrysotile exposure: a large Chinese prospective cohort study
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Settings and participants
	2.3 Study procedure
	2.3.1 Data collection
	2.3.2 Lung function test
	2.3.3 Imaging
	2.3.4 Statistical analyses


	3 Results
	3.1 Demographics
	3.2 Incidence of malignancies
	3.3 Risk factors of asbestosis-related malignancies

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


