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Background: Research on carcinogens causing occupational cancer has been updated. Further, social interest in
occupational cancer has increased. In addition, the standard for recognizing cancer as a work-related disease has
also been revised. The present study aims to describe the distribution of occupational cancer claims or its approval

rate and their association with work-related variables.

Methods: We analyzed 1299 claim cases for occupational cancer from 2010 to 2016 provided by the Korea
Workers' Compensation and Welfare Service (KCOMWEL). The status of approval rate was shown by year, sex,
industry, occupation, age of diagnosis, duration from employment to diagnosis, and cancer site.

Results: The approval rate was 39.0% from 2010 to 2016 and tended to increase annually since 2011. Both the
number of claims and the approval rate were higher in men. Mining and quarrying showed the highest approval
rate (78.4%). The approval rates by age of diagnosis and duration from employment to diagnosis increased as the
time periods increased. Respiratory organ had the highest number of claims and the highest approval rate by

cancer site.

Conclusions: The approval rate of occupational cancer has shown an increasing trend since 2011. The increase of
occupational carcinogens and cancer sites and the improvement of social awareness about occupational cancer
could have resulted in this trend. The present study provides unique, and the latest and most accurate findings on
occupational cancer data of recent 7 years that could be helpful to researchers or policy makers on occupational

cancer.
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Background

Occupational cancer is developed by occupational ex-
posure to carcinogens or if the risk of cancer is higher
during specific occupational situations [1]. Because can-
cer is a latent disease and evidence on workers’ exposure
to occupational carcinogens is insufficient, it is difficult
to investigate its work-relatedness or classify it as an oc-
cupational disease.

According to Article 34 of the Enforcement Decree of
the Industrial Accident Compensation Insurance (IACI)
Act, 3 criteria need to be met for the recognition of
work-related diseases in Korea: 1) history of carcinogen ex-
posure; 2) determination of the cumulative exposure level
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and latent period, which is the period between first expos-
ure to causative agent and diagnosis of cancer; and 3) con-
sideration of medically recognized causal relationships [2].
However, the act did not adequately reflect the newly found
occupational risk factors, as the industrial structure and
working environment have changed. In addition, accumula-
tion of epidemiologic findings and the development of diag-
nostic techniques have also identified causal associations
between risk factors and diseases. In this background, the
number of occupational carcinogens has expanded from 9
to 23 species, and the number of work-related cancers has
expanded from 9 to 21 types since July 2013 [3].

A case of mesothelioma was first officially approved as
occupational cancer by the Korea Workers’ Compensa-
tion and Welfare Service (KCOMWEL) in 1993 in Korea
[4]. From 1992 to 2000, only 35 cases out of 417 claims
were approved, based on the epidemiologic investigation

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s40557-018-0272-6&domain=pdf
http://orcid.org/0000-0001-9221-5831
mailto:inahkim@hanyang.ac.kr
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Lee et al. Annals of Occupational and Environmental Medicine

by the Occupational Safety and Health Research Insti-
tute (OSHRI). The KCOMWEL approved 447 cases as
occupational cancer out of 2328 claims from 2000 to
2011 [5]. After this period, no study was performed on
claimed cases of occupational cancer, especially about
detailed information such as approval rate or target
organ of cancer that contain important meaning regard-
ing occupational cancer.

Therefore, the present study aims to describe the dis-
tribution or approval rate of occupational cancer claims
according to work-related variables, and to investigate
the association between them.

Methods

Study subjects

We analyzed claims data for occupational cancer from
2010 to 2016 provided by the KCOMWEL. Since the
data included not only cancer cases but also cases of
other diseases (such as cardiovascular or musculoskeletal
disease), we selected cancer cases through the following
process.

By including cases classified by “code 19 (malignant
neoplasm and occupational cancer)” of the main category
number and cases not classified by “code 19” but de-
scribed with words that mean cancer (such as malignant,
cancer, tumor, metastasis, etc.), we first selected 1497
cases. Of course, they were classified as cancer on the
KCD (Korean Standard Classification of Diseases) code at
the same time. In particular, multiple myeloma, myelofi-
brosis, myelodysplastic syndrome, aplastic anemia and es-
sential thrombocytosis were included and classified by
other lymphohematopoietic diseases.

Subsequently, we excluded duplicate data. However, if
cases were re-claimed on a different date with the same
diagnosis, we included the earlier case if it was finally
disapproved and the recent case if it was finally ap-
proved. We excluded 9 cases by this method.

We also excluded misclassified cases not described
with words meaning cancer. However, of these cases, we
included those that were evaluated as being caused by
cancer, such as cauda equina syndrome caused by cancer
of the spinal cord. We excluded 162 cases by this
method.

Other cases that were classified as cancer but the exact
target organ or diagnostic code was not found were
identified individually by the KCOMWEL. In other
words, we included only the cases in which both the tar-
get organ and the diagnostic code were confirmed. Al-
though cases of metastatic cancer were excluded in
accordance with these criteria, it will be described in the
discussion section as it requires some explanation. We
excluded 27 cases by this method.

Finally, we included 1299 cases for analysis by this
process. Of the 198 excluded cases, 151 cases (76.3%)
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were from 2010 to 2013. From 2014 data, errors in data
classification have been reduced relative to previous
years.

Work-related variables

Data provided by the KCOMWEL included various data
on claims, instances, job characteristics, type of industry
or occupation, date of claim, date of diagnosis, status of
approval. Approval rate was calculated by dividing the
number of approval cases by the number of total claims.

Results
We analyzed 1299 claim cases for occupational cancer
of recent 7 years from 2010 to 2016. The annual ap-
proval status is shown in Table 1. The approval rate was
39.0% and tended to increase annually since 2011. The
number of claims was higher in men (87.6%) than in
women (12.3%), and the approval rate was higher in
men too (42.4% for men and 15% for women) (Table 2).

The approval status by industry and occupation is
shown in Table 3. Classification of industry type was
based on the tax rate schedule of IACI prescribed by the
Ministry of Employment and Labor. More than half of
the total claims were made by manufacturing (51.1%).
Mining and quarrying showed the highest approval rate
(78.4%). There was no claim by fishing. Classification of
occupation type followed the method of the 6th Korean
Standard Classification of Occupations, established
based on the International Standard Classification of Oc-
cupations. The number of claims was highest for elem-
entary workers (30.5%), and the approval rate was
highest for craft and related trades workers (57.7%),
while skilled agricultural, forestry, and fishery workers
had few claims.

The distribution of approval status by age of diagnosis
and duration from employment to diagnosis (year) is
shown in Table 4. The average age of diagnosis was

Table 1 Distribution of occupational cancer claims and
approvals by year

Year Total claims Approvals

Cases % Cases %
2010 167 129 57 1.7
2011 152 11.7 37 73
2012 170 13.1 55 10.8
2013 190 14.6 69 136
2014 214 16.5 77 15.2
2015 187 144 87 17.2
2016 219 16.9 125 24.7
Total 1299 100.0 507 100.0

This is the result of analyzing 1299 claim cases for occupational cancer from
2010 to 2016 provided by the Korea Workers’ Compensation and Welfare
Service (KCOMWEL)
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Table 2 Distribution of occupational cancer claims and
approvals by sex

Sex Total claims Approvals

Cases % Cases %
Male 1138 876 483 953
Female 160 123 24 4.7
Unclassified 1 0.1
Total 1299 100.0 507 100.0

This is the result of analyzing 1299 claim cases for occupational cancer from
2010 to 2016 provided by the Korea Workers’ Compensation and Welfare
Service (KCOMWEL)

53.0 years (standard deviation [SD] 12.5). The average of
the duration from employment to diagnosis was
14.9 years (SD 12.8), which refers to the working period
at the workplace where the claim was made.

The approval status by cancer site, or target organ of
cancer, is possibly the most interesting topic (Table 5).
The classification of cancer site is based on that of the
International Agency for Research on Cancer (IARC)
[6]. Respiratory organ (mostly lung cancer) had the
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highest number of claims and the highest rate of ap-
proval. Further, the approval rate of malignant meso-
thelioma (pleura and peritoneum) was the highest in the
unit of tissue.

Discussion

Our analysis of 1299 claim cases of occupational cancer
during the recent 7 years from 2010 to 2016 in Korea
showed that there were about 185 claims per year on
average. The approval rate was 39.0% from 2010 to
2016 and tended to increase annually since 2011. Both
the number of claims and the approval rate were higher
in men. Mining and quarrying showed the highest ap-
proval rate by industry. The approval rates by age of
diagnosis and duration from employment to diagnosis
increased as the time periods increased. Respiratory
organ had the highest number of claims and the highest
approval rate by cancer site. As mentioned above, the
approval status was determined by performing several
procedures for being recognized as an occupational
cancer. In 2010, 4 cases had been approved by the

Table 3 Distribution of occupational cancer claims and approvals by industry and occupation

Total Claims Approvals
Cases % Cases %
Industry
Financial and insurance activities 23 1.8 8 1.6
Mining and quarrying 185 14.2 145 286
Manufacturing 664 51.1 242 477
Electricity, gas, steam and water supply 4 03 1 0.2
Construction 73 56 39 77
Transportation, storage and communication 62 48 17 34
Forestry 3 0.2
Agriculture 4 03 1 0.2
Other business 276 212 53 105
Unclassified 5 04 1 02
Occupation
Managers 197 15.2 43 8.5
Professionals and related Workers 87 6.7 21 4.1
Clerks 79 6.1 16 32
Service workers 14 1.1
Sales workers 19 15 2 04
Skilled agricultural, forestry and fishery workers 2 0.2 2 04
Craft and related trades workers 239 184 138 27.2
Equipment, machine operating and assembling workers 263 20.2 80 158
Elementary workers 396 30.5 205 404
Economically dependent workers 3 0.2
Total 1299 100.0 507 100.0

This is the result of analyzing 1299 claim cases for occupational cancer from 2010 to 2016 provided by the Korea Workers’ Compensation and Welfare Service

(KCOMWEL)
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Table 4 Distribution of occupational cancer claims and
approvals by age of diagnosis and duration from
employment to diagnosis

Total Claims Approvals
Cases % Cases %
Age of diagnosis (years) °
<20 2 02
20-29 45 35 4 0.8
30-39 136 105 27 53
40-49 304 234 75 14.8
50-59 444 34.2 158 31.2
60-69 232 179 141 27.8
70-79 115 89 86 17.0
>80 21 1.6 16 32
Duration from employment to diagnosis (years) b
<1 136 105 32 6.3
>1,<5 242 18.6 52 103
>5,<10 192 14.8 51 10.1
>10, <15 133 10.2 47 9.1
>15,<20 122 94 52 103
>20, <25 160 12.3 65 12.8
>25,<30 127 9.8 78 154
>30, <35 80 6.2 51 10.1
> 35, <40 48 3.7 34 6.7
>40 59 45 45 89
Total 1299 100.0 507 100.0

This is the result of analyzing 1299 claim cases for occupational cancer from
2010 to 2016 provided by the Korea Workers’ Compensation and Welfare
Service (KCOMWEL)

?Average was 53.0 years (Standard deviation 12.5); bAverage was 14.9 years
(Standard deviation 12.8)

KCOMWEL as the first decision but were finally con-
firmed as disapproved, and 31 cases had the opposite
change (initially disapproved but later approved). There
has been no change in the approval status of any case
since 2011.

The approval rate has shown an increasing trend
since 2011. The increase of occupational carcinogens
and cancer sites and the improvement of social aware-
ness about occupational cancer could have resulted in
this trend [3, 5]. Unlike in the past, when various clin-
ical specialists participated in the evaluation of ap-
proval, professionalism and consistency of judgment
have been enhanced by the establishment of a profes-
sional cancer decision-making committee composed of
oncology specialists, occupational and environmental
medicine specialists, and legal experts since 2013.
Moreover, the number of people with occupational dis-
eases and illnesses (including fatality) has increased ap-
proximately by 8% during the same period (from 7247
in 2011 to 7876 in 2016) [7].
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In 2014, the number of newly diagnosed patients for
cancer of all sites was 112,882 for men (52.0%) and
104,175 for women (48.0%) in Korea [8]. Compared to
these relatively minor gender differences, our results
showed a significantly high frequency of claims in males.
This probably reflects the fact that a high proportion of
men have worked in workplaces that are considered to
have a higher risk of exposure to occupational carcino-
gens. For instance, about 2.98 million men (75.9%) and
0.95 million women (24.1%) were employed in the
manufacturing industry per year from 2012 to 2016
where more than half of the total claims were made [9].

Several studies have estimated the occupational attrib-
utable fraction of cancer. Nurminen and Karjalainen es-
timated that work-related cancers accounted for about
8% (14% for men, 2% for women) of all malignancies in
Finland [10]. Steenland et al. estimated that between 2.4
and 4.8% (3.3-7.3% for men, 0.8—1.0% for women) of
cancer deaths were caused by occupational carcinogens
in the United States [11]. Rushton et al. estimated the
cancer cases attributable to occupational carcinogens to
be 5.3% (8.2% for men, 2.3% for women) in the United
Kingdom [12]. Kim et al. estimated that about 1.1% of
all cancer cases and 1.7% of all cancer deaths in 2005
were caused by occupational carcinogens in Korea [13].
When understanding the differences of attributable frac-
tions across countries, various workplace variables in-
cluding history of industrial development should be
considered. On the other hand, the number of claims or
approval rate would be strongly affected by social secur-
ity system, especially by health insurance system. Be-
cause of these differences, it is not meaningful to
compare the cases of the claim data with the estimated
cases of attributable fractions. Nevertheless, the number
of claim seems too small. Among the various problems
that could have caused this gap, workers’ responsibility
for proving work-relatedness would have played a role.
Since this burden on workers has been relieved since
2017, the approval rate would probably continue to rise.

According to Canadian studies, the construction indus-
try accounted for most compensation cases for occupa-
tional cancer, especially lung cancer and mesothelioma,
along with manufacturing and mining [14, 15]. It was also
reported that most workers employed in construction-re-
lated industries were estimated to be exposed to asbestos
these days [16]. They were also known to be exposed to
high levels of solar ultraviolet radiation, which can cause
skin cancer [17]. Even after considering the differences in
the working environment in Canada, the number of
claims and approvals in the Korean construction industry
seems low. The current system for classifying IACI policy-
holders, which does not reflect the characteristics of the
construction process of complex works, might have
caused this difference.
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Table 5 Distribution of occupational cancer claims and approvals by cancer site
Cancer site Total claims Approvals Total claims Approvals

Cases % Cases % Cases % Cases %
Lip, oral cavity, and pharynx

Breast and female genital organs

Lip 4 211 Breast 23 852 2 66.7
Tonsil 5 263 Uterine cervix 2 74 1 333
Nasopharynx 10 526 1 100 Ovary 2 74
Total 19 1.5 1 0.2 Total 27 2.1 3 0.6
Digestive organs Male genital organs
Oesophagus 5 18 Prostate 3 75.0
Stomach 73 266 5 250  Testis 1 250
Colon and rectum 33 120 2 100  Total 4 03
Liver and bile duct 137 500 12 60.0  Urinary tract
Gall bladder 5 1.8 1 50 Kidney 12 60.0 2 40.0
Pancreas 14 5.1 Urinary bladder 8 400 3 60.0
Other cancers 7 26 Total 20 1.5 5 10
Total 274 21.1 20 39 Brain, and central nervous system
Respiratory organs Brain and central nervous system 45 1000 1 100.0
Nasal cavity and paranasal sinus 5 0.8 2 06 Total 45 35 1 0.2
Larynx 7 1.2 2 0.6 Endocrine glands
Lung 581 980 355 988  Thyroid 28 100.0
Total 593 457 359 708  Total 28 22
Bone, skin, and mesothelium, endothelium, and soft tissue Lymphoid, hematopoietic, and related tissue
Bone 2 24 Leukaemia 102 49.5 38 521
Skin (melanoma) 4 48 1 2.2 Lymphoma (non hodgkin) 51 248 15 20.5
Skin (other malignant neoplasms) 3 36 Lymphoma (hodgkin) 3 15
Mesothelium (Pleura and peritoneum) 62 747 44 978  Other lymphohematopoietic diseases 50 243 20 274
Other cancers 12 14.5 Total 206 159 73 144
Total 83 64 45 89 TOTAL 1299 1000 507 100.0

This is the result of analyzing 1299 claim cases for occupational cancer from 2010 to 2016 provided by the Korea Workers’ Compensation and Welfare

Service (KCOMWEL)

The population of farm households was 2.50 million,
accounting for 4.9% of the total Korean population, in
2016 [18]. The number of agricultural workers was 1.37
million, accounting for 5.1% of total employees, while
manufacturing workers comprised 16.7% in the same
period [19]. Although agricultural workers have been
known to have an increased risk for several cancers,
such as hematopoietic cancers due to pesticide expos-
ure or lip cancer and melanoma due to sun exposure
[20], just 1 case was approved. As self-employed
farmers and small family farmers have been excluded
from IACI, the rate of farmers covered by IACI has
been low, at 3.0% in 2010 and 5.1% in 2015 [7, 21]. In
addition to the agriculture industry, it is necessary to
conduct a survey on all types of industries with a rela-
tively small number of claims compared to the
population.

The number of claims by age of diagnosis tended to in-
crease until 50s but decreased with age from 60s. A little
differently, the approval rate increased with age. The ap-
proval rate also increased as the duration from employ-
ment to diagnosis increased. Based on cancer latency, the
risk-exposure period was defined for the relevant period
for cancer development [22]. For the deficiency of data re-
garding this topic, latency has been assumed; solid tumor
for 10 to 50 years or lymphohematopoietic cancers for 0
to 20 years. To minimize the limitations of these assump-
tions used frequently in studies on occupational cancer, it
is necessary to precisely manage industrial accidents
statistics.

Lung cancer had the highest number of claims and the
2nd highest rate of approval after malignant mesotheli-
oma. It was reported that 210 cases of occupational lung
cancer were approved in Korean IACI subscribers from
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1994 to 2011 [23]. Kim et al. reported the population at-
tributable fraction of lung cancer as 3.7% by reflecting
Korean studies [13], and the 5-year prevalence of lung
cancer was about 37 thousands in 2011 (the number of
cancer survivors among patients diagnosed with lung
cancer for 5 years before the first day of 2012) [24].
About 11.7% of all lung cancers were estimated to be
definite and probable occupational lung cancer by a con-
struction surveillance system [25]. However, there was
an obvious difference between results estimated through
research and those actually recognized. This difference
can also be found in Canada, where 402 claims for occu-
pational lung cancer death was accepted and compen-
sated between 2006 and 2010, which accounted for 0.6%
of total lung cancers [15]. The number of cases recog-
nized as occupational lung cancer has been gradually in-
creasing because of the broadening of benefit eligibility
covered by IACI and as a result of improvements in the
national monitoring system. In addition, as lung cancer
recognized as a complication of pneumoconiosis was not
included in this study, the number of recognized occu-
pational lung cancer would be more. Nonetheless, it is
necessary to build a sustainable and precise surveillance
system for understanding the exact situation and imple-
menting a preventive policy.

Lymphohematopoietic cancer accounts for a minor
part in Korea. The number of newly diagnosed patients
was about 3877 for non-Hodgkin lymphoma (NHL,
1.76% of all cancers) and 2984 for leukemia (1.36% of all
cancers) per year on average from 2010 to 2016 [24].
Driscoll et al. reported that about 2% of leukemia cases
was attributable to occupational causes [26]. Kim et al.
estimated the population attributable fraction as 3.4%
for leukemia and 1.8% for NHL using relative risks re-
ported in Korean studies [13]. Although our results still
showed a low number of claims than the estimates, it
showed a high proportion (15.9% of all claims) in com-
parison to other cancer sites, considering the relatively
low incidence. This might be because of the public con-
cern over reports of leukemia and NHL among workers
in the semiconductor industry [27]. Although the occu-
pational exposure level for benzene, the major occupa-
tional carcinogen for lymphohematopoietic cancers, has
been lowered, more effort to monitor and control the
other exposure routes for carcinogens is needed.

Unfortunately, information necessary for evaluating
the claims was not included in the data provided by the
KCOMWEL. In particular, it was so regrettable that
there was no data on the history of exposure to carcino-
gens. At least some information on the list of exposed
carcinogens should be included. In addition, this data
may not contain all claims data, when considering sev-
eral errors (for instance, case of noise induced hearing
loss was classified by cancer of labia minora, while both
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terms share the same 2 syllables in Korean). Neverthe-
less, we are confident that the results of the present
study are the most accurate and latest findings on the
data of recent 7 years. We also hope that our results can
be applied and used in research or policies to prevent
and compensate for workers’ occupational cancer. Also,
if there are enough cases for each type of cancer, similar
analysis should be performed according to the the type
of cancer in the future studies.

Conclusion

We described the approval rate of occupational cancer
in Korea from 2010 to 2016 analyzing the data provided
by the KOMWEL. The approval rate was mainly de-
scribed by year of approval, sex, type of industry or oc-
cupation, age of diagnosis, duration from employment to
diagnosis, and cancer site. The present study would pro-
vide unique, and the latest and most accurate findings
on occupational cancer data of recent 7 years.
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