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Editorial
Radon is recognized by the World Health Organization
as a lung cancer-causing carcinogen in humans, and is
the second most common cause of lung cancer after
smoking [1]. A causal relationship between radon and
lung cancer was first described in epidemiological studies
on underground mine workers. Thereafter, case–control
studies further demonstrated that exposure to low
concentrations of radon carries a risk for lung cancer.
Recently, pooling studies have set out to investigate lung
cancer risk in relation to exposure to radon indoors.
In South Korea, a total of 47,869 men died from

cancer in 2014, comprising 32.5 % of all male deaths that
year. Among these Korean men, lung cancer had the
highest mortality rate, compared to all other cancer
types, and accounted for 12,785 deaths, corresponding
to 26.7 % of all deaths from cancer. Meanwhile, in the
same year, a total of 28,742 women died from cancer in
South Korea, comprising 23.9 % of all deaths among
women. As in men, lung cancer exhibited the highest
mortality rate, accounting for 4655 deaths (16.2 % of all
deaths from cancer) [2]. As the incidence of lung cancer
has continued to increase, studies have been undertaken
to outline the etiology thereof.
Histologically, lung cancer is primarily classified into

small cell lung cancers (about 20 % of all lung cancers)
and non-small cell lung cancers (80 %); non-small cell
lung cancer is further subdivided into adenocarcinoma
(40 %), squamous cell carcinoma (30 %), and large cell
carcinoma (15 %). Small cell lung cancer is typically
malignant, and in most cases, metastasizes to other
organs before it is detected. Generally, smoking is
considered to be the main cause of lung cancer: small
cell lung cancers and squamous cell carcinoma are posi-
tively associated with smoking, whereas adenocarcinoma
exhibits relatively lower correlation with smoking [2–4].

Meanwhile, however, 10–25 % of all cases of lung cancer
are not directly related to smoking [5]. Reports suggest
that passive smoking increases the risk of lung cancer by
35 % in men and 25 % in women [6]. Lung cancer has
also been found to be related with radon exposure,
exposure to potential lung carcinogens (asbestos,
polycyclic hydrocarbons, silica, heavy metals, etc.), oil
vapor when cooking, coal combustion, hormonal factors,
and air pollution [7].
Despite awareness of radon’s association with lung

cancer, Koreans are less aware of the potential risks of
indoor radon exposure. This paper aimed to review
trends in studies on indoor radon exposure and lung
cancer in South Korea, to suggest the need to establish
reference levels for indoor radon levels specific to South
Korea, and to highlight the necessity of continuous
indoor radon exposure-related research.
In this article, we outline eight papers published on

indoor radon exposure and lung cancer with respect to
Korea, covering topics related to epidemiological stud-
ies, mathematical-statistical modeling, environmental
burden of disease, genetics biomarkers, and radon
measurement methods.
The following summarizes our findings from reviewing

research on indoor radon exposure:

– Ecological studies on indoor radon exposure and lung
cancer in areas with high radon concentrations and
where lung cancer incidence is high have emphasized
a need for cohort and case–control studies.
Furthermore, the following statistical methods for
analyzing geographic information systems data were
found to be employed: distance calculations, spatial
aggregation, clustering, spatial smoothing and
interpolation, and spatial regression [8].

– Studies in Germany, France, and Switzerland
reported indoor radon concentrations similar to
those in South Korea. Accordingly, the incidence of
lung cancer in South Korea is likely to be affected by
indoor radon exposure. One study has reported that
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about 5 % of all cases of lung cancer in South Korea
might be attributable to radon [9]. Another study in
Korea analyzed lung cancer-related mortality by
region from 2000–2002 in relation to mean radon
concentrations for 16 regions from 1989–2009
through a risk modeling method, using exposure,
age, and duration, as well as exposure, age, and
concentration. Their results were similar to those in
other international studies. Most international
studies have been designed as case–control studies,
although cohort studies on the association between
indoor radon and lung cancer have been conducted.
These cohort studies have investigated the contribution
of radon to lung cancer incidence using modeling
methods. Nevertheless, there has been no such cohort
study in South Korea so far.

– Upon reviewing whether residential radon exposure
is associated with an increased risk for developing
lung cancer and is regulated by genetic
polymorphism in lung cancer in never smokers
(LCINS) [10], we suggest that next-generation
sequencing (NGS) may enable the detection of lung
cancer-related genetic mutations in LCINS patients
exposed to radon. Optimizing exom sequencing for
use in NGS platforms is needed to analyze LCINS-
related genes in normal and lung cancer tissues.

– To outline factors affecting indoor radon levels,
mathematical models should be designed to apply
time-dependent functions for indoor radon concen-
trations, and stochastic models await development.
Applying the dynamic model of Radon Generation,
Entry, and Accumulation indoors (RAGENA), which
describes all known sources of radon, including soil,
building materials, and water, it may be possible to
obtain a mathematical model with which to estimate
indoor radon concentrations [11].

– In reviewing the environmental burden of disease
(EBD) attributable to residential radon exposure, we
found that smoking status modifies the risk of lung
cancer associated with radon; however, EBD among
never smokers has not been explored [12].
Furthermore, no study has attempted to estimate
the EBD of residential radon among never smokers
in South Korea. As well, although residential radon
exposure levels vary depending on the age of a
building, studies have failed to account for the
age of buildings in their assessments. In
conclusion, studies that reflect disability weights
and the age of buildings in Korea are required to
obtain more precise estimates of the EBD of
radon exposure indoors.

– Investigating and comparing methods of radon
measurement, we noted that USA and Canada
employ similar methods thereof in primary and

secondary testing. In the UK, only long-term radon
measurements are taken with seasonal adjustments
[13]. In South Korea, both long-term and short-term
measurements are taken in only primary testing.
Standardization and improvement of domestic radon
measurement methods still need to be studied.

Radon is invisible and a threat to human health.
However, awareness about radon and its effects on
humans is remains low among the general public.
Hence, further studies to obtain accurate information
with which to increase awareness about radon are
needed. Currently, for Korea, data have been acquired
from investigations of radon levels throughout the coun-
try, and though they could potentially be useful, indoor
radon levels have not been measured in detail. Thus, if
such data become available and the relationships
between indoor radon exposure and lung cancer are
effectively evaluated, it should be possible to set refer-
ence levels for indoor radon concentrations and to
establish relevant mitigation policies and environmen-
tal health policies in South Korea. We suspect that
such measures would help reduce the incidence of
lung cancer and raise the quality of life of people
throughout the nation.

Author details
1Department of Humanities and Social Medicine, Ajou University School of
Medicine, Suwon, Korea. 2Department of Occupational and Environmental
Medicine, Pusan National University, Yangsan Hospital, Yangsan, Korea.
3Department of Preventive Medicine, College of Medicine, Seoul National
University, Seoul, Korea. 4Department of Preventive Medicine, Yonsei
University College of Medicine, Seoul, Korea. 5Department of Occupational
and Environmental Medicine, Wonju Severance Christian Hospital, Wonju
College of Medicine, Yonsei University, Wonju, Korea. 6Department of
Preventive Medicine and Institute of Occupational and Environmental
Medicine, Wonju College of Medicine, Yonsei University, Wonju, Korea.

Received: 3 March 2016 Accepted: 3 March 2016

References
1. International Agency for Research on Cancer. Monographs on the

evaluation of carcinogenic risk to humans: man-made mineral fibres and
radon. Lyon, France: International Agency for Research on Cancer; 1998.

2. National Cancer Information Center. Cancer facts and figures 2014 in the
Republic of Korea. Korea. 2015. p. 9.

3. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics. CA Cancer
J Clin. 2005;55:74–108.

4. WHO. International statistical classification of diseases and related health
problems. Lyon, France: WHO; 2004.

5. Sainz C, Dinu A, Dicu T, Szacsvai K. Comparative risk assessment of
residential radon exposures in two radon-prone areas, ŞŞtei (Romania) and
Torrelodones (Spain). Sci Total Environ. 2009;407(15):4452–60.

6. Vineis P, Alavanja M, Buffler P, et al. Tobacco and cancer: recent
epidemiological evidence. J Natl Cancer Inst. 2004;96:99–106.

7. Samet JM, Avila-Tang E, Boffetta P, Hannan LM, Olivo-Marston S, Thun MJ,
et al. Lung cancer in never smok-ers: clinical epidemiology and
environmental risk factors. Clin Cancer Res. 2009;15:5626–45.

8. Auchincloss AH, Gebreab SY, Mair C, Roux AVD. A review of spatial methods
in epidemiology, 2000–2010. Annu Rev Public Health. 2012;33:107–22.

9. Oh SS, Koh SB, Yong SJ. Radon and environmental diseases. J Korean Med
Assoc. 2012;55(3):223–9.

Kang et al. Annals of Occupational and Environmental Medicine  (2016) 28:10 Page 2 of 3



10. Vanni I, Coco S, Truini A, Rusmini M, Dal Bello MG, Alama A, et al.
Next-generation sequencing workflow for NSCLC critical samples using
a targeted sequencing approach by Ion Torrent PGM™ platform.
Int J Mol Sci. 2015;16:28765–82.

11. Font L, Baixeras C. The RAGENA dynamic model of radon generation, entry
and accumulation indoors. Sci Total Environ. 2003;307(1):55–69.

12. Torres-Duran M, Barros-Dios JM, Fernandez-Villar A, Ruano-Ravina A.
Residential radon and lung cancer in never smokers. A systematic review.
Cancer Lett. 2014;345:21–6.

13. Minister of Health Canada. Guide forRadon Measurements in Residential
Dwellings (Homes), Health Canada; 2008. Website http://www.hc-sc.gc.ca.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Kang et al. Annals of Occupational and Environmental Medicine  (2016) 28:10 Page 3 of 3

http://www.hc-sc.gc.ca

	Editorial
	Author details
	References



