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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.




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 and mesothelioma 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.




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 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.




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.




Table 1 | Demographics of enrolled patients.



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 association between asbestosis stage 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 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.




Figure 2 | Distribution of malignancies in the patients with asbestosis (n = 89).




Table 2 | Incidence of malignancies in the patients with asbestosis.






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 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.


Table 3 | Cox regression estimating hazard ratio and 95% confidence interval for malignancies.




Table 4 | Cox regression estimating hazard ratio and 95% confidence interval for lung cancer.



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 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 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 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 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 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, 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.





Data availability statement

The original data presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving human participants were reviewed and approved by the Institutional Review Board of Beijing Chaoyang Hospital. The patients/participants provided their written informed consent to participate in this study.





Author contributions

Conceptualization: QY. Data curation: JW, RM, and XH. Formal analysis: JW, RM, and XH. Funding acquisition: QY. Investigation: JW, RM, NW, and XD. Supervision: QY. Writing—original draft preparation: JW. Writing—review and editing: QY. All authors contributed to data interpretation. All authors contributed to the article and approved the submitted version.





Funding

This research was funded by the Reform and Development Program of the Beijing Institute of Respiratory Medicine (ysrh2022013) and Consulting Research Project of the Chinese Academy of Engineering (2021-JJZD-10).




Acknowledgments

We express our thanks to our colleague Di Zhang. We express our thanks to Miss Moyang Xu of the University of Michigan, Ann Arbor, for polishing the language and grammar of the manuscript.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1172496/full#supplementary-material




References

1. Berry, TA, Belluso, E, Vigliaturo, R, Gieré, R, Emmett, EA, Testa, JR, et al. Asbestos and other hazardous fibrous minerals: potential exposure pathways and associated health risks. Int J Environ Res Public Health (2022) 19(7):4031. doi: 10.3390/ijerph19074031

2. World Health Organization. Asbestos: elimination of asbestos-related diseases (2018). Available at: https://www.who.int/news-room/fact-sheets/detail/asbestos-elimination-of-asbestos-related-diseases (Accessed 1, 2023).

3. Lemen, RA, and Landrigan, PJ. Toward an asbestos ban in the united states. Int J Environ Res Public Health (2017) 14(11):1302. doi: 10.3390/ijerph14111302

4. Courtice, MN, Lin, S, and Wang, X. An updated review on asbestos and related diseases in China. Int J Occup Environ Health (2012) 18(3):247–53. doi: 10.1179/1077352512Z.00000000021

5. Yang, X, Yan, Y, Xue, C, Du, X, and Ye, Q. Association between increased small airway obstruction and asbestos exposure in patients with asbestosis. Clin Respir J (2018) 12(4):1676–84. doi: 10.1111/crj.12728

6. Fan, Y, Ma, R, Du, X, Chai, D, Yang, S, and Ye, Q. Small airway dysfunction in pneumoconiosis: a cross-sectional study. BMC Pulm Med (2022) 22(1):167. doi: 10.1186/s12890-022-01929-9

7. Fan, Y, Xu, W, Wang, Y, Wang, Y, Yu, S, and Ye, Q. Association of occupational dust exposure with combined chronic obstructive pulmonary disease and pneumoconiosis: a cross-sectional study in China. BMJ Open (2020) 10(9):e038874. doi: 10.1136/bmjopen-2020-038874

8. Ma, R, Li, S, Wang, Y, Yang, S, Bao, N, and Ye, Q. High-resolution computed tomography features of asbestosis versus fibrotic hypersensitivity pneumonitis: an observational study. BMC Pulm Med (2022) 22(1):207. doi: 10.1186/s12890-022-01967-3

9. Kanarek, MS. Mesothelioma from chrysotile asbestos: update. Ann Epidemiol (2011) 21(9):688–97. doi: 10.1016/j.annepidem.2011.05.010

10. Luberto, F, Ferrante, D, Silvestri, S, Angelini, A, Cuccaro, F, Nannavecchia, AM, et al. Cumulative asbestos exposure and mortality from asbestos related diseases in a pooled analysis of 21 asbestos cement cohorts in Italy. Environ Health (2019) 18(1):71. doi: 10.1186/s12940-019-0510-6

11. Kovalevskiy, EV, SJ, S, Feletto, E, Moissonnier, M, SV, K, Bukhtiyarov, IV, et al. Comparison of mortality in asbest city and the sverdlovsk region in the Russian federation: 1997-2010. Environ Health (2016) 15(1):42. doi: 10.1186/s12940-016-0125-0

12. Germani, D, Belli, S, Bruno, C, Grignoli, M, Nesti, M, Pirastu, R, et al. Cohort mortality study of women compensated for asbestosis in Italy. Am J Ind Med (1999) 36(1):129–34. doi: 10.1002/(SICI)1097-0274(199907)36:1<129::AID-AJIM18>3.0.CO;2-9

13. IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Arsenic, metals, fibres, and dusts. IARC Monogr Eval Carcinog Risks Hum (2012) 100(Pt C):11–465.

14. Loomis, D, Dement, JM, Wolf, SH, and Richardson, DB. Lung cancer mortality and fibre exposures among north Carolina asbestos textile workers. Occup Environ Med (2009) 66(8):535–42. doi: 10.1136/oem.2008.044362

15. Wolff, H, Vehmas, T, Oksa, P, Rantanen, J, and Vainio, H. Asbestos, asbestosis, and cancer, the Helsinki criteria for diagnosis and attribution 2014: recommendations. Scand J Work Environ Health (2015) 41(1):5–15. doi: 10.5271/sjweh.3462

16. Miller, MR, Hankinson, J, Brusasco, V, Burgos, F, Casaburi, R, Coates, A, et al. ATS/ERS task force. standardisation of spirometry. Eur Respir J (2005) 26(2):319–38. doi: 10.1183/09031936.05.00034805

17. National occupational health standard. Diagnosis of occupational pneumoconiosis (GBZ 70-2015) (2015). Available at: http://www.nhc.gov.cn/wjw/pyl/wsbz.shtml (Accessed 11, 2023).

18. International Labour Office. International classification of radiographs of pneumoconiosis, revised. Occup Saf Health Ser (2011) 22:2011.

19. Zheng, RS, Sun, KX, Zhang, SW, Zeng, HM, Zou, XN, Chen, R, et al. Report of cancer epidemiology in China, 2015. Zhonghua Zhong Liu Za Zhi (2019) 41(1):19–28. doi: 10.3760/cma.j.issn.0253-3766.2019.01.005

20. Loomis, D, Richardson, DB, and Elliott, L. Quantitative relationships of exposure to chrysotile asbestos and mesothelioma mortality. Am J Ind Med (2019) 62(6):471–7. doi: 10.1002/ajim.22985

21. Liu, S, Guo, L, Cao, X, Chen, Q, Zhang, S, Zhang, M, et al. Estimation on the incidence and mortality of kidney cancer in China, in 2014. Zhonghua Liu Xing Bing Xue Za Zhi (2018) 39(10):1346–50. doi: 10.3760/cma.j.issn.0254-6450.2018.10.011

22. Chen, Q, Zheng, R, Zhang, S, Zhang, S, Liu, S, Sun, X, et al. Cancer incidence and mortality of kidney and unspecified urinary organs in China, 2015. Zhonghua Zhong Liu Za Zhi (2020) 42(12):1001–6. doi: 10.3760/cma.j.cn112152-20200309-00184

23. Global Burden of Disease Cancer Collaboration, Fitzmaurice, C, Abate, D, Abbasi, N, Abbastabar, H, Abd-Allah, F, et al. Global, regional, and national cancer incidence, mortality, years of life lost, years lived with disability, and disability-adjusted life-years for 29 cancer groups, 1990 to 2017: a systematic analysis for the global burden of disease study. JAMA Oncol (2019) 5(12):1749–68. doi: 10.1001/jamaoncol.2019.2996

24. Liu, J, Liu, W, Mi, L, Zeng, X, Cai, C, Ma, J, et al. Union for China lymphoma investigators of the Chinese society of clinical oncology; union for China leukemia investigators of the Chinese society of clinical oncology. incidence and mortality of multiple myeloma in China, 2006-2016: an analysis of the global burden of disease study 2016. J Hematol Oncol (2019) 12(1):136. doi: 10.1186/s13045-019-0807-5

25. Brims, FJH, Kong, K, Harris, EJA, Sodhi-Berry, N, Reid, A, Murray, CP, et al. Pleural plaques and the risk of lung cancer in asbestos-exposed subjects. Am J Respir Crit Care Med (2020) 201(1):57–62. doi: 10.1164/rccm.201901-0096OC

26. Chen, M, Wang, H, Zhang, J, Yu, C, Liu, W, and Xu, Y. Distribution of asbestos enterprises and asbestosis cases - China, 1997-2019. China CDC Wkly (2020) 2(18):305–9. doi: 10.46234/ccdcw2020.078

27. Gilham, C, Rake, C, Burdett, G, Nicholson, AG, Davison, L, Franchini, A, et al. Pleural mesothelioma and lung cancer risks in relation to occupational history and asbestos lung burden. Occup Environ Med (2016) 73(5):290–9. doi: 10.1136/oemed-2015-103074

28. Feder, IS, Tischoff, I, Theile, A, Schmitz, I, Merget, R, and Tannapfel, A. The asbestos fibre burden in human lungs: new insights into the chrysotile debate. Eur Respir J (2017) 49(6):1602534. doi: 10.1183/13993003.02534-2016

29. Elliott, L, Loomis, D, Dement, J, Hein, MJ, Richardson, D, and Stayner, L. Lung cancer mortality in north Carolina and south Carolina chrysotile asbestos textile workers. Occup Environ Med (2012) 69(6):385–90. doi: 10.1136/oemed-2011-100229

30. Wang, X, Lin, S, Yano, E, Yu, IT, Courtice, M, Lan, Y, et al. Exposure-specific lung cancer risks in Chinese chrysotile textile workers and mining workers. Lung Cancer (2014) 85(2):119–24. doi: 10.1016/j.lungcan.2014.04.011

31. Nynäs, P, Pukkala, E, Vainio, H, and Oksa, P. Cancer incidence in asbestos-exposed workers: an update on four Finnish cohorts. Saf Health Work (2017) 8(2):169–74. doi: 10.1016/j.shaw.2016.11.003

32. Wang, X, Courtice, MN, and Lin, S. Mortality in chrysotile asbestos workers in China. Curr Opin Pulm Med (2013) 19(2):169–73. doi: 10.1097/MCP.0b013e32835d6f56

33. Mastrangelo, G, Marangi, G, Ballarin, MN, Fadda, E, Scoizzato, L, Fedeli, U, et al. Lung cancer risk in past asbestos workers a few decades after exposure cessation and prospects for screening. Arch Environ Occup Health (2016) 71(4):237–44. doi: 10.1080/19338244.2015.1134423

34. Lévêque, E, Lacourt, A, Luce, D, Sylvestre, MP, Guénel, P, Stücker, I, et al. Time-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, and 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, and 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, and 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, and 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, and 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

43. Bianchi, C, and 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, and 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, and 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, and 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, and 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, and 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, and 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, and 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




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Wang, Huang, Ma, Zhang, Wu, Du and Ye. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The incidence of malignancies in asbestosis with chrysotile exposure: a large Chinese prospective cohort study

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          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

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-13-1172496-g001.jpg
Patients with asbestosis(n=618)

Excluded:
-l other types of pneumoconiosis
(n=12)

| Excluded:
other interstitial lung diseases(n==8)

| Excluded:
with missing data(n=54)

|

Patients with asbestosis(n=544)

’ Excluded:
malignancies diagnosis before
asbestosis(n=9)

Without With

malignancies malignancies
(n=446) (n=89)






OEBPS/Images/table2.jpg
Maligna S Observed Incidence (%) Expected SIR* (%) 95% Cl (%)
All malignancies* 89 1636 16.59 536 5.09, 5.66
Lung cancer (19) 52 9.56 3.13 16.61 14.82, 18.68
Mesothelioma'(20) 7 129 0.04 175.00 68.05, 644.07
Breast cancer* (19) 8 263 1.53 523 439,626
Endometrial carcinoma®(19) 5 0.92 0.57 877 [ 6.66, 11.75

Gastrointestinal cancer(19)

Stomach cancer 1 0.18 1.63 0.61 047, 0.79

Colorectal cancer 5 092 1.57 3.19 3.01,3.38
Pancreas cancer 2 037 0.38 533 477,597

Genitourinary cancer

Kidney cancer(21) 1 0.18 0.30 335 2.95,3.83

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

Prostate cancerb(Z?ﬁ) 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) 2 037 0.49 4.07 3.69, 4.51
Others 2 / / / /

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
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* Significant difference.

*Only female, n = 304.

*Only male, n = 240.





OEBPS/Images/table4.jpg
HR 95% Cl

Smoking status

Smoking 249 1.38, 4.50 0.01
Non-smoking 1.00 Ref.

Age of initial dust exposure
<17 years 220 1.07, 4.50 0.03
217 years 1.00 Ref.

Latency
>50 years 047 0.24, 0.94 0.03
<50 years 1.00 Ref.

Duration of asbestos exposure
1-12 years 1083 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.






OEBPS/Images/table3.jpg
HR 95% Cl

Smoking status
Smoking 1.66 1.00, 2.67 0.04
non-smokers 1.00 Ref.

Age of initial dust exposure
<17 years 227 131, 3.93 0.01
217 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 6.64 355, 12.40 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.






OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc.2023.1172496_cover.jpg
& frontiers | Frontiers in Oncology

The incidence of malignancies in asbestosis
with chrysotile exposure: a large Chinese
prospective cohort study





OEBPS/Images/fonc-13-1172496-g002.jpg
Lung cancer

Breast cancer
Gastrointestinal cancer
Mesothelioma
Endometrial carcinoma
Urology system cancer
Mulitiple myeloma
Other cancers

Thyroid cancer
Malignant meningioma

ONOONNCOCOOE

8(9%)

8(9%)

52(59%)





OEBPS/Images/table1.jpg
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
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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/m” mean underweight, 18.5-24.9 kg/m? mean normal range, and >25.0 kg/m” mean overweight and obese.





