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Abstract

:

Background: Asbestos is considered one of the major global work-related carcinogens. Some studies suggest a potential causal relationship between asbestos exposure and colorectal cancer (CRC). However, the role of asbestos in CRC carcinogenesis is still controversial. Methods: 35 claims of occupational CRC among asbestos-exposed workers were reviewed. All claims were rejected by the Italian National Institute for Insurance against Accidents (INAIL) due to the “lack of scientific evidence in the causality” between asbestos exposure and CRC; causality was finally assessed in civil trials. All cases were categorized by age, gender, industry type, task, exposure and latency periods, anatomical location, and histopathological characteristics of CRC and concomitant respiratory diseases. Results: Most workers were males aged 60 years or more and employed in occupational activities with extensive use of asbestos for over 20 years. In 31 out of 35 cases, CRC was diagnosed over 39 years after employment. Right-sided colic adenocarcinoma was diagnosed in nine cases; rectum was involved in eight cases. Respiratory comorbidities were observed in 22 workers. Conclusions: Our study provides some interesting points in the assessment of the causal relationship between asbestos exposure and CRC.
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1. Introduction


About 231,000 cases of asbestos-related occupational diseases are globally documented every year. [1]. According to the World Health Organization (WHO), more than 90,000 asbestos-related deaths are accounted for [2].



Italy was one of the major asbestos producers in Europe until 1992, when its extraction, commercialization, and production were banned [3]. For this reason, Italy is the country with the highest malignant mesothelioma death rates [4,5]. From 2017 to 2021, approximately 1400 asbestos-related diseases per year have been diagnosed in Italy [6], and from 2010 to 2016, asbestos-related deaths were about 4000 per year [7].



However, mortality rates are only related to patients suffering from mesothelioma, lung and larynx cancers, ovarian cancer, and asbestosis. Based on the carcinogenetic evidence assessed by the International Agency for Research on Cancer—I.A.R.C., these conditions are associated with sufficient evidence in humans (Group 1) with asbestos exposure [8], whereas other cancers and non-malignant pleural diseases are not considered. In this regard, the 2012 IARC Monographs on asbestos established a positive association between asbestos exposure and stomach, pharynx, and colorectal cancer (CRC), but with limited evidence in humans (Group 2A). For CRC specifically, the IARC Working Group was divided as to whether the evidence was sufficient to classify the association between CRC and asbestos in Group 1.



Although CRC has not generally been considered an occupational disease caused by asbestos, increased risks of CRC have been reported for workers exposed to chemical compounds and asbestos in several industrial branches [9,10].



In 1964, an American cohort study on asbestos-exposed populations concluded that there was an etiologic relationship between industrial asbestos exposure and bowel cancer [11]. A significant positive association between cumulative exposure to asbestos and the incidence of colon cancer was also observed in a large prospective French cohort of 14,515 men, including 181 colon cancer and 62 rectal cancer cases [12].



Other cohort studies suggest that asbestos exposure can increase the risk of developing CRC and dying from it [13,14]. A high cumulative exposure > 40 fiber-years/mL showed a positive trend with an increase in CRC mortality rates [15]. Further studies [16] reported a significant association between duration of exposed work and CRC among workers with asbestos exposure > 20 years. Several meta-analyses [17,18,19] also reported an elevated standardized mortality ratio for CRC in asbestos-exposed workers. Focusing on the anatomical location of CRC in asbestos-cement workers, an increased incidence of malignancy in the right part of the colon but not in the left side was observed [20]. A 2008 meta-analysis, instead, reported no association between asbestos exposure and rectal cancer [21]. A latency period of more than 39 years, from the beginning of occupational exposure to CRC diagnosis, was found to increase the risk of CRC [22].



Other studies [23,24] found no relationship between asbestos exposure and CRC. Therefore, the role of asbestos in CRC carcinogenesis is controversial [25].



In Italy, the public system of safety for workers is managed by the Italian National Institute for Insurance against Accidents at Work (INAIL) [26]. INAIL is the national authority in charge of the compensation for workers affected by occupational diseases.



Based on the IARC “List of classifications by cancer sites with sufficient evidence in humans” [8], INAIL recognizes the occupational origin of CRC in X- and Gamma-radiation-exposed workers but not for laborers with asbestos exposure. However, the claims submitted to the Italian Civil Judicial Authority by the insured asbestos-exposed workers with CRC or their relatives are increasing. According to INAIL data [6], 265 occupational CRC cases were claimed from 2017 to 2021, of which only 14 were compensated by INAIL; an asbestos exposure was recognized for all of them. Four patients died from cancer evolution; therefore, compensation was paid to the worker’s relatives.



A series of 35 claims promoted by workers with a CRC diagnosis and occupational exposure to asbestos in Campania are reported. Campania is the third most-populous Italian region, located on the southern west coast, with a population of around 5,800,000 people. It is also the third-most industrialized region in Southern Italy, with the highest number of asbestos-related diseases recognized by INAIL [27]. In 2019, 42 claims for occupational CRC due to asbestos exposure were recorded in Italy, among which 15 (35.7%) were in Campania [6].



The aim of the study is the detection and analysis of similarities and differences among the CRC cases assessed as occupational diseases in order to improve knowledge on the controversial role of asbestos in the carcinogenesis of CRC.




2. Materials and Methods


A series of claims submitted to the Campania Civil Judicial Authority for recognition of the occupational origin of the CRC have been reviewed. Occupational exposure to asbestos was recognized by INAIL in 35 cases that were therefore included in the study.



Despite being recognized as asbestos-exposed workers by INAIL, the claims for occupational cancer were rejected due to the “lack of scientific evidence in the causality” between asbestos exposure and CRC. However, the causal relationship between asbestos exposure and CRC was later assessed during the civil trials.



Patients were categorized by gender, age, type of industry tasks, risk factors, histopathological characteristics of CRC (staging, grades, and metastatic pattern), anatomical location (right colon, left colon, and rectum), and pleural and pulmonary comorbidities.



According to Baran et al. [28], the CRC anatomical location was assessed as follows: the right-sided colon cancer, from the cecum to the not-included splenic flexure; the left-sided colon cancer, from the splenic flexure to the rectum; and the rectum cancer. The rationale for collecting data on the location of the cancer comes from the results of previous studies on occupational CRC in workers of some industrial branches [21,22], which reported elevated risks of right-sided colon cancer.



The malignancy staging was assessed according to the TNM classification system provided by the 8th Edition of the American Joint Committee on Cancer (AJCC) Cancer Staging Manual [29]. Details are provided in Table 1.



The determination of tumor grade was assessed microscopically according to the 2-tiered grading system, which combines well and moderately differentiated to low grade (50% gland formation) and defines poorly differentiated as high grade (<50% gland formation) [30].



Additional data, such as the duration of exposure to asbestos fibers (the time period from the beginning of the occupational exposure to the end of the work at risk) and the latency period (defined as the time period from the beginning of occupational exposure to the CRC diagnosis), were collected. In the case records, the assessment of airborne asbestos fiber concentration by the Technical Advisory Department for Risk Assessment and Prevention was not included. So, individual exposures over a lifetime work history were not available.




3. Results


As shown in Table 2, patients were categorized according to gender, age, type of industry and occupational activity, duration of asbestos exposure and latency period, anatomical location and CRC stage, respiratory comorbidities, risk factors for CRC, and time of death, before or after the claim.



Most of the asbestos-exposed workers were males older than 60 years of age. Only two women over 75 were accounted for in the study sample. The average age of the study sample was 70.14 years. The youngest worker was 57 years old, while the oldest one was 90 years old.



A total of 33 out of 35 workers were exposed to asbestos fibers for over 15 years, while in two cases the occupational exposure was no less than 8–10 years. The observed latency period ranged from 33 to 66 years.



Most workers were employed in occupational activities with a large use of asbestos, except one laborer in the paper industry. Table 3 shows the distribution of occupational activities among the study sample.



A total of 22 out of 35 workers (62.8%) were employed in the steel industry, including steel and synthetic fiber manufacturing but also processing asbestos-containing products. Three workers were employed in shipbuilding companies where the main occupational activities were represented by the installation, repair, or removal of asbestos insulation [31]. A total of 9 out of 35 workers (25.7%) were employed in the metalworking industry, producing supplies for road and railway infrastructures and for industrial products and equipment. The only two females were both employed as maintenance workers for a steel company. They died after a few months from the CRC diagnosis, and the claims for the recognition of the occupational cancer were submitted by a family member.



Table 4 shows the main characteristics of the study sample, categorized by gender, age, anatomical location of CRC, risk factors, and respiratory comorbidities. A total of 27 out of 35 workers were diagnosed with colon adenocarcinoma (COAD). Therefore, the colon was the main anatomical location of the tumor. In 14 out of the 35 cases, the anatomical location of colon cancer was unspecified. Rectum was involved in eight laborers (22.8%); right-sided and left-sided colon cancer was assessed in nine (25.7%) and three workers (8.5%), respectively. Only one case of multifocal cancer was observed.



All nine workers with right-sided COAD were males, with an average age of 66 years. The occupational asbestos exposure was over 15 years (range 15–31 years), with a mean latency period of 44 years (range 33–49 years). No CRC-related deaths were observed among the right-sided COAD group before the submission of the claim, except for a 60-year-old worker with high-grade CRC and pulmonary fibrosis. Concomitant lung diseases were observed in eight out of nine workers with right-sided COAD, among which asbestosis was also diagnosed in two patients (cases #4 and #7).



In this regard, case #4, which is about a 67-year-old male diagnosed with locally advanced ascending colon cancer, is quite representative. He had been working since 1971 as a mechanic and overhead crane operator for a steel company for a total of 18 years. COAD was diagnosed 47 years after being employed. No risk factors for CRC other than age were found. Asbestosis was detected via high-resolution computed tomography (HRCT). Asbestos-related histological findings were observed in biopsy samples of the lung and colon. In lung sections, asbestos bodies in the alveolar spaces with diffuse interstitial fibrosis and macrophages were found (Figure 1a–c), while sections of the ascending colon showed an infiltrative growth-pattern adenocarcinoma with basal nuclei (Figure 2a–c). No asbestos fibers or ferruginous bodies were identified in the colon sections.



Respiratory comorbidities were observed in 22 out of 35 workers (62.8%), among which five cases of asbestosis (22.7%) had a typical inflammatory and fibrotic response involving the lower lobes. In two cases (cases #7 and #15), the upper lobes were involved with honeycomb aspects due to the advanced stage of asbestosis, and in the other two cases (cases #16 and #22), pleural parietal plaques were also observed, as frequently detected in asbestos-exposed workers [32,33,34].



In four workers interstitial pneumonia was observed with different radiological patterns as the reticulonodular, pseudonodular, and ground glass opacities (GGO). Other respiratory comorbidities were represented by lung metastases from CRC in three workers (cases #5, #14, and #24) and two nodules of undefined origin (cases #10 and #26). Table 5 shows the distribution of concomitant respiratory diseases among the 22 workers.



In 31 out of 35 cases, the cancer staging was defined according to the TNM classification system [29]. In only five cases, the cancer was in the bowel submucosa (T1); in others, the tumor had spread into the muscularis propria (T2; nine cases) or into the subserosa (T3; sixteen cases). One case of locally advanced neoplasia penetrating the surface of the visceral peritoneum was detected. Regional lymph nodes were involved in 48.5% (17 cases of 35), while the cancer had spread to other parts of the body with liver metastasis in 7 workers (cases #2, #6, #16, #21, #26, #32, and #33) and lung metastasis in 3 cases. According to the two-tiered system, in 14 out of 35 cases (40%), a high-grade cancer with poorly differentiated cells was diagnosed. In seven cases, cancer cells were well or moderately differentiated, with >50% gland formation. In 14 cases, microscopical findings were not available to define the CRC grade.



Data on CRC-related risk factors other than age were not always available. However, they were found in six cases in total. Smoking was the most common and reported risk factor in four cases, followed by alcohol use familial adenomatous polyposis (F.A.P.) in one patient each.



A death certificate was available only for 16 out of the 35 dead from CRC evolution or from therapy side-effects before the submission of the claims. In these cases, among the two females in the sample study, claims were submitted by the worker’s relatives. A total of 19 claims of occupational disease were submitted directly by the laborers when they were still alive, but it is not possible to assess the cause of death or if they died soon after the end of the trial or later. No information on the subsequent clinical course of these workers is available.




4. Discussion


CRC is one of the most frequent tumors around the world. In 2020, more than 1.9 million new cases of CRC and over 930,000 CRC-related deaths were reported worldwide [35]. CRC is the third-leading cause of cancer in Italy [36]. According to the Italian Association of Clinical Oncology (AIOM), CRC has been diagnosed in over 500,000 Italian citizens (280,277 males and 233,245 females), and in 2021, approximately 21,700 patients died from CRC [37]. Due to the slowdown in cancer screening, new CRC diagnoses dropped during the COVID-19 pandemic. However, in 2022, 48,100 new cases were reported worldwide, defining a “real colorectal cancer epidemic” [37].



The etiology of CRC has not been fully explained, and the immediate causes are still unknown [38]. Gene mutations, epigenetic alterations, and local inflammatory changes can certainly play a carcinogenetic role in CRC [39]. Some risk factors are strongly linked to an increased risk of developing the disease, among which age is considered one of the majors [38]. The risk of developing CRC increases as people become older, since the majority of CRC occurs in people older than 50 years of age [40]. For colon cancer, the average age at the time of diagnosis is 68 years for males and 72 years for females. For rectal cancer, the average age is 63 years for both males and females [40].



Other exogenous risk factors for CRC include dietary and lifestyle [41], smoking [42], heavy alcohol assumption (daily average > 3 drinks) [43], obesity (body mass index ≥ 30 kg/m2) [44], and excessive red meat intake (100 g/day) [45].



The scientific community agrees on the correlation between demographic, environmental, and lifestyle factors and the risk of developing CRC. On the contrary, the carcinogenetic role of asbestos remains controversial, explaining why INAIL commonly rejects the claims of asbestos-exposed workers with CRC, as reported in our study.



There is no agreement on the pathway followed by asbestos fibers to get to the digestive tract and its role in the development of CRC. According to I.A.R.C. monograph 100 C (updated in 2012), there are studies with discrepant results on the occurrence of gastrointestinal tract cancer following asbestos ingestion [8]. Asbestos fibers have been found in drinking water as the result of the deterioration of asbestos-containing materials like asbestos cement pipes and water tanks still present in water supply systems [46]. The data available in the scientific literature about the toxicokinetics and metabolism of asbestos following ingestion have been reviewed in a 2021 WHO report on the “Guidelines for drinking-water quality” [47]. Asbestos bodies were also found via light and electron microscopy in colon tissue from patients with occupational asbestos exposure [48,49,50], as well as in internal organs other than the lungs. Auerbach et al. [51] examined specimens of different tissues collected at autopsy from 37 occupational victims with asbestosis, mesothelioma, pleural plaques, and lung cancer. Asbestos bodies were observed in the liver, mediastinal lymph nodes, pancreas, omentum, duodenum, stomach, and colon. A recent Italian study [52] reported four cases of CRC in asbestos-exposed patients developing synchronous or metachronous mesothelioma. Asbestos bodies were histologically identified in cytoblocks of ascitic fluid. However, the role of asbestos fibers ingested with drinking water and their pathway to the gastrointestinal tract wall in order to cause adverse carcinogenic effects is still under debate [53,54,55].



Therefore, CRC, like other tumors or chronic degenerative diseases, is not commonly recognized as an occupational disease [10].



However, elevated risks of CRC have been reported among workers in some industrial branches, such as the textile industry [56,57], the car industry [58,59,60], the beverage industry [61], and also among laborers exposed to asbestos [8,48,62,63], dioxin [64], wood dust [65], organic solvents [66,67,68], and metal-working fluids [69]. In fact, one of the main topics to be assessed in the causal relationship between asbestos and CRC is the presence of carcinogens other than asbestos in the occupational environment [70]. An increased risk of CRC has also been recognized for workers employed in industries with a wide use of chemical compounds like leather, basic metals, plastic, and rubber manufacturing, besides laborers in the sector of repair and installation of machinery exposed to asbestos [10]. IARC also suggested a positive relationship with limited evidence in humans between CRC and other substances such as nickel and nickel compounds, erionite, and wood dusts [8].



In our study sample, most of the asbestos-exposed workers were old males over 60 years of age, except for two females over 75 years of age. The youngest worker was 57 years old, but the mean age of the sample study was 70.14 years.



All claims reviewed dealt with workers employed in occupational activities with a large use of asbestos, like steel and metalworking companies and shipbuilding industries. Three workers were employed in a metalworking factory producing supplies for road and railway infrastructures and for industrial products and equipment. In this regard, rail transport equipment mechanics and repairers exposed to asbestos have been associated with a high risk of CRC [71]. An excess risk of developing CRC has also been reported among iron and steel workers [72]. A total of 22 out of 35 cases, including the two women in our sample study, worked for a steel company as maintenance laborers. Most of the workers were employed in an asbestos-cement plant located in Naples with high asbestos environmental pollution. A previous study [73] reported an airborne asbestos fiber concentration ranging from 0.030 to 1.033 ff/cc from environmental samplings collected in different areas of this plant. The Italian National Institute of Health, considering the cumulative exposure index (CEI) by industrial sector, observed a CEI > 620 f/mL for workers in the asbestos cement industry; for shipyard and railway rolling stock, the maximum exposure indices were, respectively, equal to 195 f/mL and 146.6 f/mL [74]. For our sample, the technical evaluation of the airborne asbestos fibers’ concentration by the regional Technical Advisory Department for Risk Assessment and Prevention was not available. So, it was not possible to estimate individual cumulative doses.



All the laborers were hired between 1955 and 1976 and stopped working before or a few years after the asbestos ban was approved in Italy in 1992. INAIL recognized to all these workers the risk of asbestos exposure but not the causal relationship with CRC.



According to the 2019 INAIL report [75], most of the technopathies claimed by the Italian workers are coming from the Industry and Services. Among these technopathies, the asbestos-related diseases recognized by INAIL between 2017 and 2021 were 7145 [27]. Most of the workers (26 out of 35 cases) were exposed to asbestos fibers for over 20 years. According to previous cohort studies, a large exposure like this increased the risk of CRC [16], particularly applying to the nine male workers with right-sided colon cancer exposed to asbestos fibers for over 15 years. In 31 out of 35 cases, the diagnosis of CRC was assessed approximately over 39 years after the beginning of their occupational exposure. This is in agreement with other studies [15,61] that observed a temporal relationship between asbestos exposure and CRC development, with a minimum latency period of 15–20 years. On latency, other studies considered a period of exposure preceding malignancy by 40 years to detect an elevated risk of CRC [22,76].



In the study sample, the colon represented the main anatomical location of the tumor in 27 out of 35 workers. Although COAD was not sided in 14 out of 27 cases, the right colon was involved in nine workers, the left colon in three laborers, and a single case of multifocal cancer was observed. The rectum was involved in eight workers.



Furthermore, in 22 out of 35 workers, concomitant asbestos-related lung diseases were also detected. Asbestosis was found in five cases, followed by interstitial pneumonia with classical imaging, lung metastases from CRC, pleural plaques, and nodules. In this regard, it is worth mentioning that in previous studies, the highest risk of CRC has been observed in patients with asbestos-induced pleural plaques [77]. The relative risk of CRC also increased with the worsening asbestosis. An increased mortality rate for CRC among Italian females with asbestosis was also reported [78], but none of the two female workers in our sample study showed asbestosis. All five laborers with concomitant asbestosis received an INAIL benefit for the occupational origin of the asbestosis.



Based on recorded anamnestic and clinical data, CRC-related risk factors were detected only in six patients. In our study sample, smoking was the most common exogenous factor; one worker reported a history of alcohol consumption, and in one case, a classic familial adenomatous polyposis was genetically diagnosed.



The authors are aware of the limitations of this study. Our sample size is poor, with only 35 cases. Also, it was not possible to determine the individual cumulative exposure to asbestos, understood as the product of the concentration of asbestos fibers (per milliliter of air measured) and the duration of exposure in years [79]. No information on the cumulative dose of asbestos was provided by individual and/or environmental health surveillance.



The death certificate was available only for 16 out of 35 workers dead from CRC evolution before the submission of the claims. Information dealing with the subsequent clinical course of the CRC was not available in 19 cases. Furthermore, an increase in CRC mortality rate has been observed in heavily asbestos-exposed cohorts [15,80]; however, further research is needed to compare this evidence to our sample study.




5. Conclusions


There is still no general agreement on the carcinogenetic role of asbestos in CRC cases. Acknowledging the small number of the sample, this study provides some interesting points in the assessment of Due to the limitations of the sample study, our case series does not provide enough evidence of the causal relationship between asbestos exposure and CRC. An improvement in research on CRC pathogenesis and asbestos-related diseases is needed to determine the possible carcinogenetic role of asbestos in CRC cases.



Results are consistent with data provided by previous studies, showing several similarities in latency period, time of exposure, and anatomical site of malignancy. Six patients had a history of non-occupational personal risk factors (smoking, F.A.P., and alcohol use), but the possibility of an increased risk of CRC from asbestos exposure cannot be excluded.



Despite not providing enough evidence on the causal relationship between asbestos exposure and CRC, our case series represents a starting point for further studies.



Workers exposed to asbestos should be made aware of the possibility of CRC and should undergo monitoring and medical examinations. A specific screening program for workers with CRC previously exposed to asbestos and other chemical compounds in specific industrial branches could also be useful to collect more data and support the final evaluation of the occupational origin.



Experts should be cautious and collect whenever possible all useful information about the clinical and occupational history of the worker, focusing on the type of occupational activities, cumulative exposure to asbestos or other chemical compounds, latency period, lifestyle, anatomical site, staging, and histotype of the tumor.



A detailed personal and professional anamnesis including lifestyle, environmental, and occupational risk factors could be of help in the determination of occupational CRC in asbestos-exposed workers.



A specific screening program for workers with CRC previously exposed to asbestos and other chemical compounds in specific industrial branches could also be useful to collect more data and support the final evaluation of the occupational origin.



The global burden of the CRC is projected to increase to 3.2 million new cases and 1.6 million deaths by 2040 [78]. More prevention policies should be established. Standardized protocols for collecting individual and occupational data could be adopted in the diagnostic evaluation of occupational CRC disease. Among the others, useful data are represented by the type of occupational activities, duration of exposure, cumulative exposure to asbestos or other chemical compounds, latency period, lifestyle, genetic diseases, stage and location of the tumor (including metastases and histotype), and results of histology and immunohistochemistry on biopsy samples or tissue samples collected at autopsy.



The right of all workers to be safe and healthy at work needs to be protected, as well as the right to grant compensation to workers affected by any occupational disease.



From a forensic perspective, the assessment of the potential role of asbestos in CRC carcinogenesis requires further research, involving both histopathological and immunochemical analysis of the samples collected at autopsies of asbestos-exposed workers deceased for CRC.







Author Contributions


Conceptualization, A.P.; Writing—original draft, A.P. and G.P.; Writing—review & editing, A.F. and C.P.C.; Supervision, A.L. and C.P.C. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Ethical review and approval were waived for this study, in accordance with national and European legislation n. 536/2014 and in accordance with the guidelines for information on judicial data, Italian G.U. n. 24/01/2011.




Informed Consent Statement


Not applicable, in accordance with national and European legislation n. 536/2014 and in accordance with the guidelines for information on judicial data, Italian G.U. n. 24/01/2011.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



GBD 2017 Risk Factors Collaborators. Global, regional and national comparative risk assessment of 84 behavioural, environmental and occupational, and metabolic risks or clusters of risks for 195 countries and territories, 1990–2017: A systematic analysis for the Global Burden of Diseases Study 2017. Lancet 2018, 392, 1923–1994. [Google Scholar]

	



World Health Organization. Overview: Elimination of Asbestos-Related Diseases; World Health Organization: Geneva, Switzerland, 2006. [Google Scholar]

	



Fazzo, L.; Binazzi, A.; Ferrante, D.; Minelli, G.; Consonni, D.; Bauleo, L.; Bruno, C.; Bugani, M.; De Santis, M.; Iavarone, I.; et al. Burden of Mortality from Asbestos-Related Diseases in Italy. Int. J. Environ. Res. Public Health 2021, 18, 10012. [Google Scholar] [CrossRef] [PubMed]

	



Park, E.-K.; Takahashi, K.; Hoshuyama, T.; Cheng, T.-J.; Delgermaa, V.; Le, G.V.; Sorahan, T. Global magnitude of reported and unreported mesothelioma. Environ. Health Perspect. 2011, 119, 514–518. [Google Scholar] [CrossRef] [PubMed]

	



Rath, E.M.; Yuen, M.L.; Odgerel, C.-O.; Lin, R.-T.; Soeberg, M.; Nowak, A.K.; Takahashi, K. The ecological association between asbestos consumption and asbestos-related diseases 15 years later. Environ. Health Perspect. 2022, 130, 57703. [Google Scholar] [CrossRef]

	



Open Data INAIL. Available online: https://dati.inail.it/opendata/default/Malattieprofessionali/index.html (accessed on 30 September 2022).

	



Fazzo, L. Le Stime Della Mortalita’ per Malattie Amianto-Correlate in Italia; Italian National Institute of Health: Rome, Italy, 2022.

	



International Agency for Research on Cancer (IARC). Asbestos. In Arsenic, Metals, Fibres and Dusts. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans; IARC: Lyon, France, 2012; Volume 100C, pp. 219–309. [Google Scholar]

	



Fredriksson, M.; Bengtsson, N.O.; Hardell, L.; Axelson, O. Colon cancer, physical activity, and occupational exposures. A case-control study. Cancer 1989, 63, 1838–1842. [Google Scholar] [CrossRef] [PubMed]

	



Oddone, E.; Modonesi, C.; Gatta, G. Occupational exposures and colorectal cancers: A quantitative overview of epidemiological evidence. World J. Gastroenterol. 2014, 20, 12431–12444. [Google Scholar] [CrossRef] [PubMed]

	



Selikoff, I.J.; Churg, J.; Hammond, E.C. Asbestos exposure and neoplasia. JAMA 1964, 188, 22–26. [Google Scholar] [CrossRef]

	



Paris, C.; Thaon, I.; Hérin, F.; Clin, B.; Lacourt, A.; Luc, A.; Coureau, G.; Brochard, P.; Chamming’s, S.; Gislard, A.; et al. Occupational Asbestos Exposure and Incidence of Colon and Rectal Cancers in French Men: The Asbestos-Related Diseases Cohort (ARDCo-Nut). Environ. Health Perspect. 2017, 125, 409–415. [Google Scholar] [CrossRef]

	



Huang, Q.; Lan, Y.J. Colorectal cancer and asbestos exposure-an overview. Ind. Health 2020, 58, 200–211. [Google Scholar] [CrossRef]

	



Seidman, H.; Selikoff, I.J.; Gelb, S.K. Mortality experience of amosite asbestos factory workers: Dose-response relationships 5 to 40 years after onset of short-term work exposure. Am. J. Ind. Med. 1986, 10, 479–514. [Google Scholar] [CrossRef]

	



Albin, M.; Jakobsson, K.; Attewell, R.; Johansson, L.; Welinder, H. Mortality and cancer morbidity in cohorts of asbestos cement workers and referents. Br. J. Ind. Med. 1990, 47, 602–610. [Google Scholar] [CrossRef]

	



Selikoff, I.J.; Hammond, E.C.; Seidman, H. Mortality experience of insulation workers in the United States 306 Asbestos and Canada, 1943–1976. Ann. N. Y. Acad. Sci. 1979, 330, 91–116. [Google Scholar] [CrossRef] [PubMed]

	



Morgan, R.W.; Foliart, D.E.; Wong, O. Asbestos and gastrointestinal cancer. A review of the literature. West. J. Med. 1985, 143, 60–65. [Google Scholar] [PubMed]

	



Frumkin, H.; Berlin, J. Asbestos exposure and gastrointestinal malignancy review and meta-analysis. Am. J. Ind. Med. 1988, 14, 79–95. [Google Scholar] [CrossRef] [PubMed]

	



Homa, D.M.; Garabrant, D.H.; Gillespie, B.W. A meta-analysis of cancer of the colorectum and asbestos exposure. Am. J. Epidemiol. 1994, 139, 1210–1222. [Google Scholar] [PubMed]

	



Jakobsson, K.; Albin, M.; Hagmar, L. Asbestos, cement, and cancer in the right part of the colon. Occup. Environ. Med. 1994, 51, 95–101, Erratum in Occup. Environ. Med. 1994, 51, 576. [Google Scholar] [CrossRef] [PubMed]

	



Gamble, J. Risk of gastrointestinal cancers from inhalation and ingestion of asbestos. Regul. Toxicol. Pharmacol. 2008, 52, S124–S153. [Google Scholar] [CrossRef]

	



de Verdier, M.G.; Plato, N.; Steineck, G.; Peters, J.M. Occupational exposures and cancer of the colon and rectum. Am. J. Ind. Med. 1992, 22, 291–303. [Google Scholar] [CrossRef]

	



Demers, R.Y.; Burns, P.B.; Swanson, G.M. Construction occupations, asbestos expo-sure, and cancer of the colon and rectum. J. Occup. Med. 1994, 36, 1027–1031. [Google Scholar]

	



Tulchinsky, T.H.; Ginsberg, G.M.; Iscovich, J.; Shihab, S.; Fischbein, A.; Richter, E.D. Cancer in ex-asbestos cement workers in Israel, 1953–1992. Am. J. Ind. Med. 1998, 35, 1–8. [Google Scholar] [CrossRef]

	



Kwak, K.; Paek, D.; Zoh, K.E. Exposure to asbestos and the risk of colorectal cancer mortality: A systematic review and meta-analysis. Occup. Environ. Med. 2019, 76, 861–871. [Google Scholar] [CrossRef] [PubMed]

	



Binazzi, A.; Di Marzio, D.; Verardo, M.; Migliore, E.; Benfatto, L.; Malacarne, D.; Mensi, C.; Consonni, D.; Eccher, S.; Mazzoleni, G.; et al. Asbestos Exposure and Malignant Mesothelioma in Construction Workers—Epidemiological Remarks by the Italian National Mesothelioma Registry (ReNaM). Int. J. Environ. Res. Public Health 2021, 19, 235. [Google Scholar] [CrossRef] [PubMed]

	



Martini, D. Le Malattie Asbesto Correlate—Analisi Statistica; Inail—Consulenza Statistico Attuariale: Rome, Italy, 2022. [Google Scholar]

	



Baran, B.; Ozupek, N.M.; Tetik, N.Y.; Acar, E.; Bekcioglu, O.; Baskin, Y. Difference Between Left-Sided and Right-Sided Colo-rectal Cancer: A Focused Review of Literature. Gastroenterol. Res. 2018, 11, 264–273. [Google Scholar] [CrossRef] [PubMed]

	



Amin, M.B.; Greene, F.L.; Edge, S.B.; Compton, C.C.; Gershenwald, J.E.; Brookland, R.K.; Meyer, L.; Gress, D.M.; Byrd, D.R.; Winchester, D.P. The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a bridge from a population-based to a more “personalized” approach to cancer staging. CA Cancer J. Clin. 2017, 67, 93–99. [Google Scholar] [CrossRef] [PubMed]

	



Fleming, M.; Ravula, S.; Tatishchev, S.F.; Wang, H.L. Colorectal carcinoma: Pathologic aspects. J. Gastrointest. Oncol. 2012, 3, 153–173. [Google Scholar] [CrossRef] [PubMed]

	



Murbach, D.M.; Madl, A.K.; Unice, K.M.; Knutsen, J.S.; Chapman, P.S.; Brown, J.L.; Paustenbach, D.J. Airborne concentrations of asbestos onboard maritime shipping vessels (1978–1992). Ann. Occup. Hyg. 2008, 52, 267–279. [Google Scholar] [CrossRef]

	



Musk, A.W.; de Klerk, N.; Reid, A.; Hui, J.; Franklin, P.; Brims, F. Asbestos-related diseases. Int. J. Tuberc. Lung Dis. 2020, 24, 562–567. [Google Scholar] [CrossRef]

	



Lazarus, A.A.; Philip, A. Asbestosis. Dis. Mon. 2011, 57, 14–26. [Google Scholar] [CrossRef]

	



Norbet, C.; Joseph, A.; Rossi, S.S.; Bhalla, S.; Gutierrez, F.R. Asbestos-related lung disease: A pictorial review. Curr. Probl. Diagn. Radiol. 2015, 44, 371–382. [Google Scholar] [CrossRef]

	



World Health Organization. Overview: Colorectal Cancer; World Health Organization: Geneva, Switzerland, 2023. [Google Scholar]

	



AIOM. I Numeri del Cancro in Italia 2021; AIOM (Associazione Italiana di Oncologia Medica): Milano, Italy, 2021. [Google Scholar]

	



AIOM. Notiziario; AIOM (Associazione Italiana di Oncologia Medica): Milano, Italy, 2021. [Google Scholar]

	



Lewandowska, A.; Rudzki, G.; Lewandowski, T.; Stryjkowska-Góra, A.; Rudzki, S. Title: Risk Factors for the Diagnosis of Colorectal Cancer. Cancer Control 2022, 29, 10732748211056692. [Google Scholar] [CrossRef]

	



Grady, W.M.; Markowitz, S.D. The molecular pathogenesis of colorectal cancer and its potential application to colorectal cancer screening. Dig. Dis. Sci. 2015, 60, 762–772. [Google Scholar] [CrossRef] [PubMed]

	



American Cancer Society. Colorectal Cancer Facts & Figures 2020–2022; American Cancer Society: Atlanta, GA, USA, 2023. [Google Scholar]

	



Giovannucci, E. Modifiable risk factors for colon cancer. Gastroenterol. Clin. N. Am. 2002, 31, 925–943. [Google Scholar] [CrossRef]

	



Limsui, D.; Vierkant, R.A.; Tillmans, L.S.; Wang, A.H.; Weisenberger, D.J.; Laird, P.W.; Lynch, C.F.; Anderson, K.E.; French, A.J.; Haile, R.W.; et al. Cigarette smoking and colorectal cancer risk by molecularly defined subtypes. JNCI J. Natl. Cancer Inst. 2010, 102, 1012–1022. [Google Scholar] [CrossRef] [PubMed]

	



McNabb, S.; Harrison, T.A.; Albanes, D.; Berndt, S.I.; Brenner, H.; Caan, B.J.; Campbell, P.T.; Cao, Y.; Claude, J.C.; Chan, A.; et al. Meta-analysis of 16 studies of the association of alcohol with colorectal cancer. Int. J. Cancer 2020, 146, 861–873. [Google Scholar] [CrossRef] [PubMed]

	



Xue, K.; Li, F.F.; Chen, Y.W.; Zhou, Y.H.; He, J. Body mass index and the risk of cancer in women compared with men: A meta-analysis of prospective cohort studies. Eur. J. Cancer Prev. 2017, 26, 94–105. [Google Scholar] [CrossRef] [PubMed]

	



Vieira, A.R.; Abar, L.; Chan, D.S.M.; Vingeliene, S.; Polemiti, E.; Stevens, C.; Greenwood, D.; Norat, T. Foods and beverages and colorectal cancer risk: A systematic review and meta-analysis of cohort studies, an update of the evidence of the WCRF-AICR Continuous Update Project. Ann. Oncol. 2017, 28, 1788–1802. [Google Scholar] [CrossRef] [PubMed]

	



Di Ciaula, A. Asbestos ingestion and gastrointestinal cancer: A possible underestimated hazard. Expert Rev. Gastroenterol. Hepatol. 2017, 11, 419–425. [Google Scholar] [CrossRef]

	



World Health Organization. Asbestos in Drinking-Water Background Document for Development of WHO Guide-Lines for Drinking-Water Quality; World Health Organization: Geneva, Switzerland, 2021. [Google Scholar]

	



Ehrlich, A.; Rohl, A.; Holstein, E. Asbestos bodies in carcinoma of colon in an insulation worker with asbestosis. JAMA 1985, 254, 2932–2933. [Google Scholar] [CrossRef]

	



Kobayashi, H.; Ming, Z.W.; Watanabe, H.; Ohnishi, Y. A quantitative study on the distribution of asbestos bodies in ex-trapulmonary organs. Acta Pathol. Int. 1987, 3, 3375–3383. [Google Scholar]

	



Ehrlich, A.; Gordon, R.E.; Dikman, S.H. Carcinoma of the colon in asbestos-exposed workers: Analysis of asbestos content in colon tissue. Am. J. Ind. Med. 1991, 19, 629–636. [Google Scholar] [CrossRef]

	



Auerbach, O.; Conston, A.S.; Garfinkel, L.; Parks, V.R.; Kaslow, H.D.; Hammond, E.C. Presence of asbestos bodies in organs other than the lung. Chest 1980, 77, 133–137. [Google Scholar] [CrossRef]

	



Serio, G.; Pezzuto, F.; Fortarezza, F.; Marzullo, A.; Delfino, M.C.; d’Amati, A.; Romano, D.E.; Maniglio, S.; Caporusso, C.; Lettini, T.; et al. Mesothelioma and Colorectal Cancer: Report of Four Cases with Synchronous and Metachronous Presentation. Int. J. Mol. Sci. 2022, 23, 2630. [Google Scholar] [CrossRef]

	



Kim, S.J.; Williams, D.; Cheresh, P.; Kamp, D.W. Asbestos-induced gastrointestinal cancer: An update. J. Gastrointest. Dig. Syst. 2013, 3, 135. [Google Scholar]

	



Di Ciaula, A.; Gennaro, V. Possible health risks from asbestos in drinking water. Epidemiol. Prev. 2017, 40, 472–475. [Google Scholar]

	



Cheng, T.J.; More, S.L.; Maddaloni, M.A.; Fung, E.S. Evaluation of potential gastrointestinal carcinogenicity associated with the ingestion of asbestos. Rev. Environ. Health 2020, 36, 15–26. [Google Scholar] [CrossRef]

	



Andersen, A.; Barlow, L.; Engeland, A.; Kjaerheim, K.; Lynge, E.; Pukkala, E. Work-related cancer in the Nordic countries. Scand. J. Work. Environ. 1999, 25 (Suppl. S2), 1–116. [Google Scholar]

	



Mastrangelo, G.; Fedeli, U.; Fadda, E.; Milan, G.; Lange, J.H. Epidemiologic evidence of cancer risk in textile industry workers: A review and update. Toxicol. Ind. Health 2002, 18, 171–181. [Google Scholar] [CrossRef]

	



Swanson, G.M.; Belle, S.H.; Burrows, R.W. Colon cancer incidence among modelmakers and patternmakers in the automobile manufacturing industry. A continuing dilemma. J. Occup. Environ. Med. 1985, 27, 567–569. [Google Scholar] [CrossRef]

	



Hoar, S.K.; Bang, K.M.; Tillett, S.; Rodriguez, M.; Cantor, K.P.; Blair, A. Screening for colorectal cancer and polyps among pattern makers. J. Occup. Environ. Med. 1986, 28, 704–708. [Google Scholar] [CrossRef]

	



Tilley, B.C.; Johnson, C.C.; Schultz, L.R.; Buffler, P.A.; Joseph, C.L. Risk of colorectal cancer among automotive pattern and model makers. J. Occup. Environ. Med. 1990, 32, 541–546. [Google Scholar] [CrossRef]

	



Garabrant, D.H.; Peters, J.M.; Mack, T.M.; Bernstein, L. Job activity and colon cancer risk. Am. J. Epidemiol. 1984, 119, 1005–1014. [Google Scholar] [CrossRef] [PubMed]

	



Neugut, A.I.; Murray, T.I.; Garbowski, G.C.; Treat, M.R.; Forde, K.A.; Waye, J.D.; Fenoglio-Preiser, C. Association of asbestos exposure with colorectal adenomatous polyps and cancer. J. Natl. Cancer Inst. 1991, 83, 1827–1828. [Google Scholar] [CrossRef] [PubMed]

	



Vineis, P.; Ciccone, G.; Magnino, A. Asbestos exposure, physical activity and colon cancer: A case-control study. Tumori 1993, 79, 301–303. [Google Scholar] [CrossRef] [PubMed]

	



Bertazzi, P.A.; Consonni, D.; Bachetti, S.; Rubagotti, M.; Baccarelli, A.; Zocchetti, C.; Pesatori, A.C. Health effects of dioxin exposure: A 20-year mortality study. Am. J. Epidemiol. 2001, 153, 1031–1044. [Google Scholar] [CrossRef] [PubMed]

	



Dement, J.; Pompeii, L.; Lipkus, I.M.; Samsa, G.P. Cancer incidence among union carpenters in New Jersey. J. Occup. Environ. Med. 2003, 45, 1059–1067. [Google Scholar] [CrossRef] [PubMed]

	



Berlin, K.; Edling, C.; Persson, B.; Ahlborg, G.; Hillert, L.; Högstedt, B.; Lundberg, I.; Svensson, B.G.; Thiringer, G.; Orbaek, P. Cancer incidence and mortality of patients with suspected solvent-related disorders. Scand J. Work Environ. Health 1995, 21, 362–367. [Google Scholar] [CrossRef]

	



Anttila, A.; Pukkala, E.; Riala, R.; Sallmén, M.; Hemminki, K. Cancer incidence among Finnish workers exposed to aromatic hydrocarbons. Int. Arch. Occup. Environ. Health 1998, 71, 187–193. [Google Scholar] [CrossRef]

	



Dumas, S.; Parent, M.E.; Siemiatycki, J.; Brisson, J. Rectal cancer and occupational risk factors: A hypothesis-generating, exposure-based case-control study. Int. J. Cancer 2000, 87, 874–879. [Google Scholar] [CrossRef]

	



Calvert, G.M.; Ward, E.; Schnorr, T.M.; Fine, L.J. Cancer risks among workers exposed to metalworking fluids: A systematic review. Am. J. Ind. Med. 1998, 33, 282–292. [Google Scholar] [CrossRef]

	



Weiss, W. Asbestos and colorectal cancer. Gastroenterology 1990, 99, 876–884. [Google Scholar] [CrossRef]

	



Fang, R.; Le, N.; Band, P. Identification of occupational cancer risks in British Columbia, Canada: A population-based case-control study of 1,155 cases of colon cancer. Int. J. Environ. Res. Public Health 2011, 8, 3821–3843. [Google Scholar] [CrossRef]

	



Xu, Z.; Pan, G.W.; Liu, L.M.; Brown, L.M.; Guan, D.X.; Xiu, Q.; Sheng, J.H.; Stone, B.J.; Dosemeci, M.; Fraumeni, J.F., Jr.; et al. Cancer risks among iron and steel workers in Anshan, China, Part I: Proportional mortality ratio analysis. Am. J. Ind. Med. 1996, 30, 1–6. [Google Scholar] [CrossRef]

	



Menegozzo, S.; Comba, P.; Ferrante, D.; De Santis, M.; Gorini, G.; Izzo, F.; Magnani, C.; Pirastu, R.; Simonetti, A.; Tùnesi, S.; et al. Mortality study in an asbestos cement factory in Naples, Italy. Ann. Ist. Super. Sanita 2011, 47, 296–304. [Google Scholar] [CrossRef] [PubMed]

	



Magnani, C.; Silvestri, S.; Angelini, A.; Ranucci, A.; Azzolina, D.; Cena, T.; Chellini, E.; Merler, E.; Pavone, V.; Miligi, L.; et al. Italian pool of asbestos workers cohorts: Asbestos related mortality by industrial sector and cumulative exposure. Ann. Ist. Super. Sanita 2020, 56, 292–302. [Google Scholar] [CrossRef] [PubMed]

	



The trend of accidents at work and occupational diseases. In An Occupational Disease Analysis of Year 2019; Data INAIL: Rome, Italy, 2020.

	



Lashner, B.A.; Epstein, S.S. Industrial risk factors for colorectal cancer. Int. J. Health Serv. 1990, 20, 459–483. [Google Scholar] [CrossRef] [PubMed]

	



Aliyu, O.A.; Cullen, M.R.; Barnett, M.J.; Balmes, J.R.; Cartmel, B.; Redlich, C.A.; Brodkin, C.A.; Barnhart, S.; Rosenstock, L.; Israel, L.; et al. Evidence for excess colorectal cancer incidence among asbestos-exposed men in the Beta-Carotene and Retinol Efficacy Trial. Am. J. Epidemiol. 2005, 162, 868–878. [Google Scholar] [CrossRef]

	



Germani, D.; Belli, S.; Bruno, C.; Grignoli, M.; Nesti, M.; Pirastu, R.; Comba, P. Cohort mortality study of women compensated for asbestosis in Italy. Am. J. Ind. Med. 1999, 36, 129–134. [Google Scholar] [CrossRef]

	



Van der Bij, S.; Koffijberg, H.; Lenters, V.; Portengen, L.; Moons, K.G.; Heederik, D.; Vermeulen, R.C. Lung cancer risk at low cumulative asbestos exposure: Meta-regression of the exposure-response relationship. Cancer Causes Control. 2012, 24, 1–12. [Google Scholar] [CrossRef]

	



Berry, G.; Newhouse, M.L.; Wagner, J.C. Mortality from all cancers of asbestos factory workers in east London 1933–80. Occup. Environ. Med. 2000, 57, 782–785. [Google Scholar] [CrossRef]








[image: Healthcare 11 03077 g001] 





Figure 1. Lung histology of case #4 with ascending COAD and asbestosis. (a) Diffuse interstitial fibrosis (blue arrow) with macrophages (green arrow) and asbestos bodies (red arrow) in the alveolar spaces (HE-20×); (b) several alveolar macrophages (green arrow) with an asbestos body (red arrow) in the alveolar space (HE-80×). (c) A dumbbell-shaped ferruginous body with visible asbestos fibers inside (yellow arrow) (HE-100×). 
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Figure 2. Colon histology of case #4 with ascending COAD and asbestosis. (a) Section overview of ascending colon with infiltrative growth pattern adenocarcinoma. (b) Well-differentiated adenocarcinoma with gland formation (red arrow) (HE-20×); (c) differentiated adenocarcinoma with well-formed glands and basally oriented nuclei (red arrow) (HE-30×). 
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Table 1. TNM classification system for CRC according to AJCC.
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	Primary Tumor (pT)





	TX: primary tumor cannot be assessed

T0: no evidence of primary tumor

Tis: carcinoma in situ, intramucosal carcinoma

T1: tumor invades submucosa

T2: tumor invades muscularis propria

T3: tumor invades through the muscularis propria into the pericolorectal tissues

T4a: tumor invades through the visceral peritoneum

T4b: tumor directly invades or adheres to other adjacent organs or structures



	Regional lymph nodes (N)



	NX: regional lymph nodes cannot be assessed

N0: no regional lymph node metastasis

N1: metastasis in 1–3 regional lymph nodes

N1a: metastasis in 1 regional lymph node

N1b: metastasis in 2–3 regional lymph nodes

N1c: tumor deposits in the subserosa, mesentery or non-peritonealized pericolic or perirectal/mesorectal tissues

N2: metastasis in 4 or more regional lymph nodes

N2a: metastasis in 4–6 regional lymph nodes

N2b: metastasis in 7 or more regional lymph nodes



	Distant metastasis (M)



	M0: no distant metastasis by imaging; no evidence of tumor in other sites or organs

M1: distant metastasis

M1a: metastasis confined to 1 organ or site without peritoneal metastasis

M1b: metastasis to 2 or more sites or organs is identified without peritoneal metastasis

M1c: metastasis to the peritoneal surface is identified alone or with other site or organ metastases










 





Table 2. The items collected from 35 claims of asbestos-exposed workers.
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	n
	Gender
	Age (Years)
	Task
	Asbestos Exposure (Years)
	Latency Period

(Years)
	CRC Site and Grade
	pTNM
	Lung

Diseases
	Other Risk Factors
	Death (Before/After)





	1
	M
	74
	Mechanical operator, gas operator in coking department
	20
	47
	R-COAD

Low grade
	pT1 N0 M0
	Interstitial disease
	-
	After



	2
	M
	68
	Mechanical operator, oven worker in steel mill
	29
	49
	R-COAD

High grade
	pT3 N2b M1
	Interstitial disease
	-
	After



	3
	M
	67
	Mechanical operator
	17
	44
	R-COAD

High grade
	pT4a N1a M0
	Pulmonary fibrosis
	-
	After



	4
	M
	67
	Mechanical operator, overhead crane

operator
	20
	47
	R-COAD

High grade
	pT3 N0 M0
	Asbestosis
	-
	After



	5
	M
	68
	Reamer
	31
	49
	R-COAD

High grade
	pT3 N1a M1
	CRC metastasis
	Smoking
	After



	6
	M
	60
	Logistic manager,

carpenter
	22
	39
	R-COAD

High grade
	pT2 N1a M1
	Pulmonary fibrosis
	-
	Before



	7
	M
	72
	Mechanical

operator,

repairer
	26
	48
	R-COAD

High grade
	pT1 N0 M0
	Asbestosis
	-
	After



	8
	M
	61
	Programmer
	15
	40
	R-COAD

Low grade
	pT3 N0 M0
	-
	-
	After



	9
	M
	58
	Assistant logistic manager
	20
	33
	R-COAD

High grade
	pT3 N0 M0
	Emphysema-COPD
	-
	After



	10
	M
	69
	Pipefitter
	22
	45
	L-COAD High grade
	pT3 N1 M0
	Nodule
	Smoking
	After



	11
	M
	76
	Mechanical

operator
	28
	53
	L-COAD High grade
	pT3 N2 M0
	-
	Smoking
	After



	12
	M
	69
	Mechanical

operator
	18
	44
	L-COAD Low grade
	pT1 N0 M0
	Pseudo-nodule
	-
	After



	13
	M
	75
	Electrician
	31
	55
	Multifocal COAD High grade
	pT1 N0 M0
	Interstitial

disease
	-
	Before



	14
	M
	73
	Carpenter, welder
	21
	39
	ROAD High grade
	pT3a N1a M1
	CRC metastases
	-
	Before



	15
	M
	65
	Mechanical

operator
	30
	48
	ROAD High grade
	pT3 N1 M0
	Asbestosis
	Alcohol use
	Before



	16
	M
	57
	Turner
	22
	34
	ROAD High grade
	pT3 N1 M1
	Pleural plaques
	
	Before



	17
	M
	74
	Bricklayer
	26
	50
	ROAD High grade
	pT2 N1 M0
	-
	-
	After



	18
	M
	68
	Laborer, transport worker
	8
	41
	ROAD Low grade
	pT2 N0 M0
	COPD
	Smoking
	After



	19
	M
	75
	Carpenter
	21
	41
	ROAD Low grade
	pT3 N0 M0
	Interstitial disease
	F.A.P.
	Before



	20
	M
	71
	Carpenter
	30
	52
	ROAD Low grade
	pT2 N1 M0
	COPD
	-
	After



	21
	M
	79
	Maintenance worker
	29
	66
	ROAD

Low grade
	pT3 N1 M1
	Asbestosis
	-
	After



	22
	M
	90
	Operator in insulation department
	17
	66
	Unspecific site COAD
	pT2 N0 M0
	Pleural plaques
	-
	After



	23
	M
	68
	Carpenter
	10
	36
	Unspecific site COAD
	pT1 N0 M0
	-
	-
	After



	24
	M
	78
	Operator in coking department
	16
	44
	Unspecific site COAD
	pT2 N0 M0
	CRC metastases
	-
	Before



	25
	M
	77
	Mechanical

operator
	22
	49
	Unspecific site COAD
	pT3 N0 M0
	Asbestosis
	-
	After



	26
	M
	72
	Mechanical

operator
	19
	45
	Unspecific site COAD
	pT3 N1b M1
	Nodule
	-
	Before



	27
	M
	74
	Maintenance

worker
	19
	37
	Unspecific site COAD
	pT3 N1 M0
	-
	-
	Before



	28
	M
	63
	Mechanical

operator
	21
	41
	Unspecific site COAD
	-
	-
	-
	Before



	29
	M
	62
	Electrician
	26
	49
	Unspecific site COAD
	-
	-
	-
	Before



	30
	M
	75
	Mechanical

operator
	23
	40
	Unspecific site COAD
	pT2 N1 M0
	-
	-
	Before



	31
	M
	68
	Maintenance worker
	20
	45
	Unspecific site COAD
	-
	-
	-
	Before



	32
	F
	77
	Maintenance worker
	27
	51
	Unspecific site COAD
	pT2 N1 M1
	-
	-
	Before



	33
	F
	83
	Maintenance worker
	22
	39
	Unspecific site COAD
	pT3 N1 M1
	-
	-
	Before



	34
	M
	57
	Mechanical

operator
	23
	43
	Unspecific site COAD
	-
	-
	-
	Before



	35
	M
	65
	Mechanical

operator
	28
	41
	Unspecific site COAD
	pT2 N0 M0
	-
	-
	After







COAD = colon adenocarcinoma; R-COAD = right-sided colon adenocarcinoma; L-COAD = left-sided colon adenocarcinoma; and ROAD = rectal adenocarc