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AbstrACt
Objective Exposure to asbestos is the major cause for 
malignant pleural mesothelioma (MPM), but the causal 
link of individual cases is difficult to establish for lack of 
exposure information and long disease latency.
Methods We established a retrospective cohort of 
workers employed in asbestos industries during the 
period of 1950–1989 and the occurrence of MPM 
during the period of 1980–2009 was examined with the 
Taiwan Cancer Registry. Estimated rate ratios (eRRs) 
were computed for each factory where any case of MPM 
was diagnosed by assuming Poisson distribution with a 
minimal latency of 20 years.
results A total of 18 MPM (17 males, 1 female) in eight 
factories were found. The incidence rate of MPM for 
the eight factories was 18.0 per million, ranging from 
6.2 per million (military factory) to 268.2 per million 
(asbestos cement). We observed significantly increased 
risks for MPM in asbestos cement, thermal insulation and 
shipbuilding industries, with eRR (genders combined) of 
113.6, 87.5 and 15.8, respectively. The sensitivity analyses 
considering latency showed similar findings in latency ≥30 
years, and the shipbuilding industry presented a significant 
eRR given a latency ≥40 years. The gender-specific eRR 
showed similar results in men, but high eRR of 729.6 was 
observed in an asbestos cement factory where a female 
MPM was diagnosed.
Conclusions This nationwide study in Taiwan 
comprehensively shows that different asbestos 
manufacturing processes, including asbestos cement, 
thermal insulation and shipbuilding industries, were at 
significantly increased risks for MPM. We recommend to 
establish a medical screening programme for workers 
previously exposed to asbestos to identify MPM and other 
asbestos-related diseases at an earlier stage.

IntrOduCtIOn 
Asbestos is a generic term for ‘fibrous sili-
cate mineral fibres of a crystalline nature’.1 
It gained worldwide usage because of its 
excellent heat and acid resistance, among 
other properties. It has been used in various 

industries, including construction, ship-
building and repair, brake lining, and textiles. 
Worldwide consumption of asbestos reached 
its peak in the 1980s, before discovery of its 
adverse health effects led many countries to 
ban its use.2 

Asbestos has been recognised as a human 
carcinogen for decades,3 but a causal link 
to individual cancer clusters is difficult to 
establish due to a lack of detailed exposure 
information and the long latency period asso-
ciated with asbestos-related diseases (ARDs). 
Many ARDs have been identified since the 
last century, including malignant pleural 
mesothelioma (MPM), lung cancer, female 
ovarian cancer and cancer of the larynx.4 The 
International Agency for Research on Cancer 
has classified all types of asbestos as a group 

strengths and limitations of this study

 ► Based on the nationwide cohort study of asbes-
tos-related industries defined by Taiwan’s Labour 
Insurance programme, we performed a subgroup 
analysis on the pattern of clustering of the 18 ma-
lignant pleural mesothelioma (MPM) cases identified 
in eight factories.

 ► Our simple approach of using estimated rate ratio to 
identify the cluster of MPM in specific factories in 
Taiwan may serve as a guide for occupational health 
professionals to recognise more asbestos-related 
cancers and asbestos-related diseases (ARDs).

 ► Those cases of MPM could act as sentinel index of 
ARDs, and a discovery of one case in a factory man-
dates the necessity to establish a continual medical 
screening programme for all previous workers.

 ► We did not have long-term exposure data on ambi-
ent air levels of asbestos fibres, which limited our 
ability to develop a comprehensive job-exposure 
matrix and exposure scenario of each factory in this 
study.
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1 human carcinogen. Globally, a temporal relationship 
has been documented for a strong association between 
asbestos use in the 1960s and MPM mortality rates in 
the 2000s, demonstrating a mean latency period of 
30–40 years.5 Thus, many countries are expected to face 
MPM epidemics in the coming several decades6; current 
observations of increasing MPM incidence in Taiwan are 
in accordance with this.7

Taiwan used to be a country with asbestos mining and 
extensive import activities for manufacturing. Wu et al 
recently described the history of the asbestos use regula-
tion process in Taiwan and the associated factors leading 
to the total asbestos ban in 2018.8 The domestic asbestos 
mining industry started from 1937 and ended its opera-
tion in 1985. Shipbreaking began in 1949, and it grew in 
the 1960s.9 During 1977–1988, Taiwan became the world’s 
largest shipbreaking nation with approximately 65% of the 
obsolete ships in the world,10 which declined and ended 
operation in 1993.11 The majority of asbestos used in 
Taiwan was imported, with the amount rising significantly 
in the mid-1970s and peaking around 40 000 tons per year 
in the mid-1980s and then falling significantly in the early 
1990s.8 12 Most asbestos raw materials were consumed 
in industrial sectors: asbestos cement, abrasion-resistant 
products, insulation, textiles and ships.13 14 A previous 
survey of occupational asbestos exposure found many 
workplaces exceeding the permissible exposure level.13 14 
The asbestos manufacturing industries began to decrease 
from 1989 after enactment of Toxic Substances Control 
Act by the Taiwan Environmental Protection Administra-
tion (EPA),8 which banned use of asbestos in construc-
tion materials, including asbestos plate, pipe and cement, 
and fibre cement boards (from 2008).15 Beginning in 
2018, asbestos use is forbidden in all manufacturing in 
Taiwan.16 Taiwan is the 62nd country to implement a 
national policy on the total asbestos ban.8 17

The age-adjusted mortality rate of malignant meso-
thelioma (MM) in Taiwan was 1.14 cases per million per 
year18 with an increasing trend for both genders.7 The 
average annual incidence of MPM increased from 0.26 
per million during 1980–1989, to 2.34 per million during 
2005–2009.19 The trend is corroborated by 93 MPM 
cases diagnosed during 1977–2016 in a medical centre 
in Northern Taiwan.20 The health impacts from MPM 
were estimated to be on average 18.2 years of life lost 
compared with the general population, and reimburse-
ment of lifetime healthcare expenditure by the National 
Health Insurance was US$29 400 with a 3% annual 
discount rate.21

We established a retrospective cohort study, using of 
Taiwan’s Labour Insurance programme to identify those 
who worked in asbestos-related industries between 1950 
and 1989 and followed up with the Taiwan Cancer Registry 
for the period 1980–2009 to identify incident cancer. Lin 
et al reported that male asbestos workers had an increased 
standardised incidence ratio (SIR 2.65, 95% CI 1.54 to 
4.25) of MPM.12 Among them, those with more than 20 
working years had the highest risk (SIR=5.78). However, 

even those employed less than 1 year could be associated 
with an elevated risk of MPM (SIR=2.68). All male MPM 
cases had a median latency period of 33.2 (range 22.7–
56.4) years, which could be a basis for minimum latency 
period of 20 years.

In this study, we examine the pattern of clustering of 
the 18 MPM cases identified in our cohort. Hot spot facto-
ries are identified and we estimate the rate ratios for MPM 
at these factories using data on the general population of 
Taiwan as a reference.

MethOds
study population
This study is a subgroup analysis focusing on the MPM 
cases identified in the retrospective cohort study.12 Taiwan 
EPA regulates and categorises five groups of asbestos-re-
lated factories: those in the asbestos cement industry, 
the asbestos friction industry, the asbestos thermal insu-
lation industry, industries using serpentine and other 
(not elsewhere classified). The recruitment was based on 
the records of labour insurance, and workers who once 
worked in the asbestos-related industries registered by 
Taiwan EPA were included as the occupational cohort. 
The labour insurance in Taiwan used to cover all the 
workers in the companies with more than five employees, 
and the database of labour insurance is comprehensive 
in recording the employment periods of each partici-
pant. Thus, the cohort captured all the workers insured 
by labour insurance, but did not include those unin-
sured, such as temporary labours, or those who have been 
employed in small-scale enterprises with less than five 
employees.

A total of 183 560 workers who were ever employed in 
the 389 asbestos-related factories between 1 March 1950 
and 31 December 2009 were included in the cohort. We 
obtained incident cases of cancer through linkages with 
the database of Taiwan Cancer Registry22 using encrypted 
personal identification numbers of these workers. The 
pathological diagnosis of MPM is coded according to 
cancer site of pleura (163) and morphological codes 
(MM, NOS (9050/3), fibrous sarcomatoid (9051/3), 
epithelioid (9052/3) and biphasic (9053/3)) based on 
the International Classification of Diseases, Oncology 
Version 3 (ICD-O-3).23 A total of 160 640 subjects were 
followed from 1980 to 2009, under the assumption of a 
minimum latency of 20 years. Detailed information about 
the cohort is provided elsewhere.12

We identified 18 MPM cases (17 males and 1 female), 
who were clustered in eight asbestos-related factories. 
We performed a subgroup analysis focusing on a total of 
25 688 workers who worked in the eight factories. Those 
workers were followed up by linkage with the Taiwan 
Cancer Registry from 1980 to 2009.

data analysis
The total person-years of follow-up were accumulated for 
each factory. We calculated the incidence rate of MPM by 



3Lee LJ-H, et al. BMJ Open 2018;8:e021063. doi:10.1136/bmjopen-2017-021063

Open access

dividing the number of MPM observed in each factory by 
the corresponding total person-years, assuming a latency 
period of 20 years. Two types of incidence rates were 
calculated: (1) the incidence rate (combined for gender) 
and (2) the gender-specific incidence rate. The estimated 
rate ratios (eRRs) of MPM in workers at these eight facto-
ries were quantified. We defined the person-year at risk as 
the sum of the follow-up duration of workers who worked 
for more than 20 years in the corresponding factory.24 
Follow-up years are calculated from the year enrolled in 
the factories to the year (1) incident cancer occurred, (2) 
censored or (3) the end of the study, whichever comes 
earliest. The eRRs are the incidence rates for individual 
factories divided by the average incidence rate of pleural 
cancer among the Taiwan population for the period 
1980–2009, which is 1.04 per million person-years.25 The 
sensitivity analyses are applied with considering latency 
period of more than 30, 40 or 50 years. The 95% CIs of 
the eRRs are estimated by Byar’s approximation of the 
Poisson method26; SAS V.9.4 was used to analyse data.

Patient and public involvement
No patients were involved in setting the research question 
or the outcome measures, nor were they involved in the 
design or implementation of the study. No patients were 
asked to advise on interpretation or writing up of results. 
There are no plans to disseminate the results of the 
research to study participants. We will notify the relevant 

government agencies in Taiwan of the high-risk industries 
identified in this study.

results
Table 1 summarises types of occupational exposure 
setting, numbers of workers and follow-up years, numbers 
of MPM, incidence rates, and eRRs of MPM of the indi-
vidual asbestos-related factories and the factories without 
MPM. The eight factories with occurrence of MPM cases 
were factories with previous heavy asbestos exposure, 
while the other 381 factories constituted those with mild 
exposure. The average age to begin working at the facto-
ries was 22.5 years for workers with heavy exposure and 
24.5 years for those with light exposure. The mean dura-
tions of employment for the former and the latter were 
6.7 and 4.5 years, respectively. Years of employment varied 
wildly in all factories, ranging from less than 0.1 year to 
42.4 years (in the shipbuilding industry), with the longest 
follow-up at 59.8 years in a Northern shipyard.

The incidence rate of MPM for the eight factories was 
18.0 per million (95% CI 10.6 to 28.4), ranging from 
6.2 per million (military factory) to 268.2 per million 
(asbestos cement), which was higher than that of the 
general population, that is, 1.04 per million person-
year for genders combined. Eleven cases of MPM were 
observed in the shipbuilding industry, with an incidence 
rate of 16.4 per million. Nine cases occurred in a Northern 

Table 1 Characteristics of individual factories with occurrence of MPM with calculation of incidence rate and estimated rate 
ratio (eRR), and all the other factories without MPM in the asbestos-related industries of Taiwan, follow-up from 1980 to 2009, 
with the latency period ≥20 years

Factory serial 
no

Occupational 
exposure 
setting

Total no of 
workers

No of 
workers with 
latency ≥20 years

Total person-years 
of follow-up
(latency ≥20 years)

No of MPM 
cases 
(gender)

Incidence rate, per 
million
(95% CI)*

eRR†
(95% CI)*

1 Shipbuilding 11 912 11 701 432 776 9 (M) 20.8 (9.5 to  39.5) 20.0 (9.1 to 38.0) 

2 Sugar refinery 2788 2747 108 764 1 (M) 9.2 (0.1 to 51.2) 8.8 (0.1 to 49.2) 

3 Military factory 5008 4671 161 788 1 (M) 6.2 (0.1 to 34.4) 5.9 (0.1 to 33.1) 

4 Thermal 
insulation

1169 821 21 977 2 (M) 91.0 (10.2 to 328.5) 87.5 (9.8 to 315.9) 

5 Asbestos 
cement

410 390 13 205 1 (F) 75.7 (1.0 to 421.3) 72.8 (1.0 to 405.1) 

6 Petrochemical 958 666 20 566 1 (M) 48.6 (0.6 to 270.5) 46.8 (0.6 to 260.1) 

7 Shipbuilding‡ 8829 7827 238 906 2 (M) 8.4 (0.9 to 30.2) 8.0 (0.9 to  29.1) 

8 Asbestos 
cement

136 124 3728 1 (M) 268.2 (3.5 to 1492.0) 257.9 (3.4 to 1434.6) 

1, 7 Shipbuilding 20 741 19 528 671 682 11 (M) 16.4 (8.2 to 29.3) 15.8 (7.9 to 28.2) 

5, 8 Asbestos 
cement

546 514 16 933 2 (M, F) 118.1 (13.3 to 426.4) 113.6 (12.8 to 410.0) 

1–8 All 31 210 28 947 1 001 710 18 (M, F) 18.0 (10.6 to 28.4) 17.3 (10.2 to 27.3) 

Factories 
without MPM

129 430 80 946 2 565 404 0

*Byar approximation of Poisson method was applied to estimate the 95% CI.
†eRR=estimated incidence rate of individual factory divided by the average annual incidence rate of the general population based on Taiwan Cancer 
Registry in 1980–2009, which was 1.04 per million person-year for genders combined.
‡Factory no 7 had three cases of MPM, but one of the affected workers began his job in factory no 1, where he worked for 3 years; therefore, he was 
classified as belonging to factory no 1.
MPM, malignant pleural mesothelioma.
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shipbuilding factory, with an eRR of 20.0 (95% CI 9.1 to 
38.0); two cases were in a Southern shipyard (eRR=8.0). 
Two cases of MPM occurred in a thermal insulation 
factory, contributing an incidence rate of 91 per million, 
which ranked the second highest. Analysis of MPM clus-
ters in the asbestos workers’ cohort revealed that those 
at asbestos cement, thermal insulation and shipbuilding 
industries were at significantly higher risk compared with 
the general Taiwanese population, with eRR (genders 
combined) of 113.6, 87.5 and 15.8, respectively. The 
gender-specific eRR in men showed similar results with 
genders combined (online supplementary table 1). Fewer 
person-years at risk were observed among female workers, 
and one case of MPM was observed in an asbestos cement 
factory, which contributed to a high eRR of 729.6 (95% 
CI 9.5 to 4059.3).

Table 2 shows the sensitivity analyses considering latency 
of more than 20, 30, 40 or 50 years. The results showed 
similar findings in latency ≥30 years, and the shipbuilding 
industry presented a significant eRR given a latency ≥40 
years. The details of person-years and incidence rates of 
individual factories are presented in the online supple-
mentary tables 2–4.

For the 18 cases of MPM, the mean age (±SD) of first 
employment in the asbestos factories was 28.1 (±11.3) 
years (range 15–48), and mean work duration was 7.7 
(±10.5) years (range 0.1–30.0); all of them started to 
enter the asbestos factories before 1982, when regula-
tions of occupational exposure to asbestos was less restric-
tive, with an occupational permissible exposure limit of 
airborne asbestos set at 5 fibres/mL.27 All MPM cases had 
a latency period of more than 20 years.

Figure 1 shows the geographical distribution of all 
asbestos-related factories and the eight factories where 
MPM cases were reported. A small random error was 
added to the spatial coordinates of each factory to protect 
confidentiality. Four of the eight factories with reported 
MPM cases are located in Kaohsiung, a Southern industri-
alised harbour city, and one was at a shipbuilding factory 
in Keelung, a Northern harbour city. The female MPM 
case was found in an asbestos cement manufactory in 
Nantou, a rural part of central Taiwan.

dIsCussIOn
To the best of our knowledge, this is the first retrospective 
cohort study of the nationwide asbestos-related factories 
in Taiwan to identify the high-risk industries. It high-
lights that workers employed in asbestos cement, thermal 
insulation, shipbuilding industries were at significantly 
increased risks for MPM. We identified MPM clustering 
in specific industries in Taiwan, in which workers would 
have 5.9-fold to nearly 258-fold increased risks of MPM 
compared with the general population. A cancer cluster 
is defined as the greater occurrence of a specific cancer 
than the expected number among a specific group 
of people in a defined geographical region and time 
period.28 Moreover, concerned individuals may contact Ta
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local authorities about suspected cancer clusters, leading 
to in-depth investigations. Although many cases turned 
out not to be true clusters, thorough exposure assessments 
may lead to the discovery of a new carcinogen. The causal 
association between MPM and asbestos has been well 
established.29 Our findings of MPM clustered in the ship-
building industry,30 asbestos cement manufacturing,29 31 
thermal insulation manufacturing,32 the petrochemical 
industry,33 34 a sugar refinery31 35 and a military factory36 
corroborated positive causal links between MPM and 
heavy asbestos exposures in such industries worldwide.

We found nine cases of MPM in a single workplace: a 
shipbuilding factory, with an eRR of 20. The relatively 
large number of MPM cases found in this shipbuilding 
factory could be explained by the size of workforce 
(more than 400 000 person-year, contributing 45% of 
the person-year at risk in this study). Given the nature 
of low background incidence of MPM in the Taiwanese 
general population (1.04 per million-year, using pleural 

cancer as a proxy), the extremely high risk in the asbestos 
cement manufacturing factories (eRR=113.6 for genders 
combined, 51.1 for males, 513.8 for females; see table 1 
and online supplementary table 1) may imply very high 
exposure of workers to airborne asbestos fibres and a 
poorly protected working environment.13 37 Females 
occupationally exposed to asbestos may be easily over-
looked because of their relatively small numbers in such 
industries.

Asbestos exposure is estimated to account for 255 000 
deaths every year worldwide, making it one of the top 
public health issues.38 Although more than 60 countries 
worldwide have banned asbestos,17 some countries in Asia 
and the Middle East continue to consume asbestos prod-
ucts.39 In Taiwan, the EPA has listed asbestos as a toxic 
chemical since 1989 and subsequently updated related 
regulations eight times from 1991 to 2013.40 Asbestos 
fibres may be found in fire-resistant materials in construc-
tion. Thus, the risks of environmental exposure to 
asbestos still exist and deserve quick action to completely 
ban its use and application. Additionally, we must prepare 
to tackle the challenges of a third wave of ARDs41 that 
could result from exposure during demolition or replace-
ment operations at sites with ‘asbestos in place’.42

According to the guideline of labour insurance in 
Taiwan,43 MPM can be recognised as occupational cancer 
if they fulfil the criteria of (1) the diagnosis of MPM is 
histopathologically confirmed; (2) positive occupational 
history, working in the asbestos industry and (3) latency 
period more than 10 years. Therefore, all 18 MPM cases 
can be undoubtedly recognised as occupational cancer. 
Possibly a few cases might have concomitant exposure 
from environment or domestic exposure,44 such as living 
near the asbestos factory, or the other family member 
working in asbestos industries, but we have no informa-
tion regarding any environmental or non-occupational 
exposure.

In addition to occupational exposure, environmental 
and paraoccupational exposure to asbestos is also a public 
health concern in Taiwan. We suggest that more resources 
should be invested in education of the general public 
and workers concerning the long-term health risks from 
asbestos exposure, and the existing asbestos in constructed 
buildings and environments should be labelled.45 Family 
members of asbestos workers could have paraoccupa-
tional or domestic exposure, for example, while washing 
contaminated clothing, and they must be educated to 
take precautionary procedures. Since environmental 
exposure to asbestos has induced the so-called third wave 
of ARDs, the potential source of asbestos in place should 
be identified before demolition and/or home renova-
tion. Do-it-yourself asbestos removal is discouraged,46 and 
it is recommended that licensed specialist firms are called 
in if any suspected asbestos-containing material existed in 
the buildings.47 To increase public awareness of the risks 
of asbestos and to promote prevention among the general 
public in Taiwan, there is ‘Asbestos Hazards Information 
Section’ webpage compiled by Taiwan EPA.48

Figure 1 Geographical locations of asbestos-related 
factories in Taiwan with clusters of malignant pleural 
mesothelioma (MPM). Red stars represent the eight hot spot 
factories where cases of MPM were diagnosed among 
workers. Specific types of asbestos-related industries 
are shown in different colours, including red: brake lining; 
brown: asbestos cement; dark green: insulation; light green: 
serpentine stones; light orange/yellow: other.

https://dx.doi.org/10.1136/bmjopen-2017-021063
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This study has at least three limitations that should be 
kept in mind. First, we lack long-term exposure data on 
ambient air levels of asbestos fibres, especially in the early 
period. Most factories are in the other groups, which were 
not being able to be classified accurately based on Taiwan 
EPA’s management system (figure 1), and heterogeneity 
within each group may be substantial. Thus, applying a 
uniform job-exposure matrix would be difficult. Second, 
the eRR, as an indicator to capture the relative risk of 
specific factories, which can reveal for gender combined 
and also stratified by gender. However, age adjustment 
was not practical because incidence rates adjusted by 
the direct age-adjusted method with reference to the 
world standardised population in the year 200049 would 
fluctuate largely, which was related to relatively small 
number of MPM in individual factories. As the size of 
the exposed population is large, we believe more cases 
of ARDs in asbestos factories of Taiwan would be uncov-
ered if follow-up periods could be extended. And third, 
underdiagnosis of MPM due to diagnosis difficulties 
would underestimate the risks of workers in asbestos-re-
lated industries. Using cytology from pleural effusion for 
diagnosis can be challenging and prone to misdiagnoses 
of MPM as adenocarcinoma. Immunohistochemical 
staining—such as calretinin, WT-1 or D2-40—can differ-
entiate MPM from metastasis tumour from breasts, lung 
and/or ovarian cancer.50 51 The relatively short median 
survival of MPM of about 8–14 months further reduces 
the opportunity for detection. During the 1970s, the 
pathological diagnosis of MPM was based on histology 
(H&E-stained sections) and mucin histochemistry.52 At 
that time, the incidence of MPM was under-reported 
because many pathologists did not recognise the diag-
nosis.53 During the 1980s–1990s, Armed Force Institute 
of Pathology Atlas of Tumour Pathology became the 
major reference for pathologists in Taiwan to diagnose 
MPM based on morphological characteristics.54 55 In the 
1990s, there is a rapid growth in the application of immu-
nohistochemistry.52 Immunohistochemical markers for 
diagnosing MPM have becomes widely applied since 2000 
in Taiwan.56 WHO classification of tumours of the pleura 
published in 200457 provides an international standard 
for pathologists, including in Taiwan. Such changing 
diagnostic criteria over time could probably underesti-
mate the incidence of MPM, especially in early period of 
our study followed from 1980 to 2009. Since all cases were 
defined on histologically verified MPM based on ICD-O-3, 
it would be likely that the incidence rate ratio we esti-
mated in this study underestimated the true relative risk.

Once a case of MPM is discovered in a factory, it is very 
likely just the ‘tip of the iceberg,’ and many more addi-
tional cases of ARDs or asbestos-related cancer would 
occur due to a dusty working environment even several 
decades ago. As increased risks of lung cancer,10 oesopha-
geal cancer11 and stomach cancer have been reported in 
industries with high worker exposure to asbestos (such as 
shipbuilding, ship repair and ship breaking), we hypothe-
sise that our simple approach of using eRR may serve as a 

guide for occupational health professionals to recognise 
more asbestos-related cancers.58 Because the shipbuilding 
and asbestos cement industries have both been in Taiwan 
for more than 50 years, and the asbestos textile industry 
has been present for more than 40 years, the incidence 
rates of ARDs will very likely increase in the coming 
decades. Current occupational health examinations in 
asbestos-exposed workers are limited to employees on 
active duty and do not take into account the extremely 
long latency period of ARDs. There are no health surveil-
lance and follow-up programmes in Taiwan for those who 
change jobs or retire. Historically, many asbestos workers 
in Taiwan have been temporary labours, especially in the 
construction industry, or have been employed in small-
scale enterprises, where occupational health is often 
loosely regulated and audited. Referring to the expe-
riences of Britain,59 South Korea60 and Australia,61 we 
recommend setting up a national long-term surveillance 
system for the early detection of ARDs in Taiwan,62 which 
is in accordance with the policy recommendations of the 
18th Collegium Ramazzini statement in 2016.63 Screening 
programme with CT may be a potential option for the 
asbestos-exposed workers with sufficiently high risk of 
lung cancer, as suggested by the 2014 Helsinki criteria.64 
A systematic review with meta-analysis published in 2014 
concluded CT screening in asbestos-exposed workers as 
being effective in detecting asymptomatic lung cancer, 
with a prevalence of 1.1%.65 A recent prospective study 
of 2132 Japanese asbestos-exposed workers reported that 
low-dose CT identified 45 cases of lung cancer (2.3%) and 
7 cases of MPM (0.3%).66 However, further cost-effective-
ness analysis67 on CT screening is needed for categorising 
high-risk groups. Moreover, workers with short-term 
heavy exposure must be considered, as we found MPM 
cases in workers with as little as 1 month of employment 
in an asbestos-related industry.

In summary, we have identified eight worksites with very 
high risks of MPM and recommended that eRR can be 
applied for other asbestos workers with suspected occu-
pational cancer. In addition, a comprehensive system of 
early detection, long-term follow-up, compensation and 
prevention is indicated for asbestos workers in Taiwan.
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