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Abstract The four major histological types of lung
cancer are adenocarcinoma, squamous cell carcinoma
(SQ), large cell carcinoma and small cell carcinoma. Over
the past few decades, the incidence of lung adenocarci-
noma has increased gradually in most countries as the
most frequently occurring histological type, displacing
SQ. Adenocarcinoma is the predominant type of lung
cancer among lifelong non-smokers and among females.
Especially in East Asian countries, the cause(s) of the
increase in adenocarcinomas are not clear. Several genetic
mutations specific to lung adenocarcinomas have been
found, representing attractive targets for molecular ther-
apy. Recently, the pathological classification of lung
adenocarcinoma was revised by integrating the newer
clinical and biological knowledge concerning this pre-
vailing type. Additional epidemiological, pathological and
genetic studies are required to better understand this type
of lung cancer.
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Introduction

Lung cancer is the leading cause of cancer-related death
in most developed countries [1-3]. However, remarkable
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changes in the incidence and mortality of lung cancer
have been observed in recent decades, during which the
percentages of the four major histological types of lung
cancer; adenocarcinoma (AD), squamous cell carcinoma
(SQ), small cell carcinoma (SM) and large cell carcinoma
(LA), have gradually changed. Until 3040 years ago, SQ
was the predominant type of lung cancer worldwide.
Since then, the incidence of AD has increased steadily,
and it is presently the most common type in the United
States (US), Europe and East Asia, including Japan [4, 5].
Although the age-adjusted mortality from lung cancer for
males has recently declined in most developed countries,
the incidence of lung cancer in females has increased in
the same regions. Because the major identifiable cause of
lung cancer is tobacco smoke, the increase in lung cancer
among females may be explained partly by the increases
in female smokers. However, AD is increasing even
among lifelong non-smoking females in East Asian
countries and in other regions. Furthermore, the increases
in lung cancer among lifetime non-smokers, irrespective
of gender, cannot be explained completely by environ-
mental tobacco smoke (ETS), or “secondhand smoke,”
alone. About 25 % of all lung cancers worldwide are not
attributable to tobacco smoke [1]. In particular, lung
cancer shows a much higher prevalence in lifetime non-
smoking Asian females than in females in the Western
countries. The predominant histological type of lung
cancer developing in lifetime non-smokers is also AD [6,
7]. The increase in AD in both females and non-smokers
(males and females) is likely to affect the prevention,
screening, diagnosis and therapeutic strategies for lung
cancer. The purpose of this review is to discuss the recent
findings of clinicopathological, epidemiological and
genetic studies on lung cancer, paying special attention to
AD.
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Global trends in the incidence and mortality of lung
cancer

According to the global cancer statistics in 2008 [2], the
age-adjusted incidence and mortality rates of lung cancer
per 100,000 person-years in both genders were higher in
more-developed regions (males 47.4 and 39.4, respec-
tively; females 18.6 and 13.6) than in less-developed
regions (males 27.8 and 24.6, females 11.1 and 9.7). The
highest lung cancer incidence rates were reported from
Central and Eastern Europe (males 57.0, females 9.6),
Southern Europe (males 49.0, females 10.4), North
America (males 48.5, females 35.8), Micronesia/Polynesia
(males 46.5, females 15.9), East Asia (males 45.0, females
19.9) and Western Europe (males 44.7, females 16.7) [2].
However, the age-adjusted lung cancer death rates in males
have been decreasing in most European countries, North
America, Australia and Japan. The lung cancer incidence
among females has been plateauing in the US, Canada, the
United Kingdom (UK) and Australia.

Considering that tobacco smoking is the main identifi-
able cause of lung cancer, tobacco education, taxation and
purchase age restriction in these Western countries over the
past few decades appears to have contributed to reducing
the lung cancer mortality in males, and may also be helping
reduce the rate in females. In contrast, the lung cancer
mortality in females was still reported to be increasing in
Spain (6.2), France (10.8), Belgium (11.8), the Netherlands
(22.1) and East Asia (16.3) [8]. Despite a relatively low
population of smokers among Chinese females, they have
higher lung cancer incidence rates (21.3) than those in
certain European countries, such as Germany (16.4) and
Italy (11.4) [2]. This is also the case in Japan, with the
incidence of lung cancer increasing in lifetime non-smoking
females. The reason(s) why lung cancer develops so fre-
quently in Asian females who have never smoked remain
unclear, although ETS may be partly responsible [9].

The characteristics of lung cancer vary from area to area
and country to country, and are likely to reflect the bio-
logical, environmental, cultural and socio-economic factors
of the specific regions. This variability dictates that caution
should be exercised when generalizing from lung cancer
data, as the information may not be applicable to disparate
regions and countries. Careful etiological studies on lung
cancer aiming to clarify what is shared and what is not
between different regions, genders or ethnic groups are
important.

The increase in primary lung adenocarcinoma

In the data from the Japanese Joint Committee of Lung
Cancer Registry [10, 11], both the percentage of AD cases

and the percentage of females increased gradually among
patients undergoing lung resection for primary lung cancer
from 1989 to 2004 (Fig. 1). Similarly, among all lung
cancer patients registered in Norway from 1988 to 2007
[12], the percentages of cases presenting AD and those
representing females have increased (Fig. 2). In Canada,
the age-adjusted incidence rates of AD increased by 263 %
in females and 4 % in males from 1972 to 2007 [13]. In the
US, the incidence of AD also increased dramatically, by
83 % in males and by more than 200 % in females, from
1973 to 1998 [14]. Accordingly, an increase in AD was
common in most developed countries, especially in the US
and developed East Asian countries. However, in the US,
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Fig. 1 Time trends in percentages of lung adenocarcinoma and
female patients with lung cancer among Japanese surgical cases. Data
from the Japanese Joint Committee for the Lung Cancer Registry [10,
11] were used

100

(%) Norway (All Registered Cases)

50 Adenocarcinoma (%)

40.5
36.6

27.1
23.0 24.6

Female patients (%)

0

1988-92 1993-97 1998-02 2003-07
Fig. 2 Time trends in percentages of lung adenocarcinoma and

female patients with lung cancer in Norway [12]

@ Springer



1006

Surg Today (2014) 44:1004-1012

the incidence of AD started to decline in both genders
beginning in 1999 [14]. The authors of the US study
showing this decrease [14] suggested that several factors
might help to explain the recent decline of AD in the US;
one is the national regulation of air pollution beginning in
the 1980s, while another is more strict regulation of ETS
[14]. However, the sudden decrease of AD in both genders
seems difficult to explain completely in terms of these
factors. In Hong Kong, the incidence of AD increased until
1990 and then stabilized [15]. Therefore, it is necessary to
carefully observe other regions or countries for possible
future declines in the incidence of AD.

Differences in lung cancer by gender

AD is the most common histological type of lung cancer in
females; and a significantly elevated risk of AD has been
reported in female lifelong non-smokers in Asia [16, 17].
Exposure to cooking fumes has been suggested as possible
risk factor for Chinese females working in unventilated
kitchens. A case—control study identified rapeseed oil
fumes as a possible cause of the increased risk for lung
cancer [16]. Additional Chinese studies have also consid-
ered cooking oil fumes as a risk factor [18, 19]. However,
since the increase in AD in lifetime non-smoking females
was not limited to China, the increases in AD in other
countries, including Japan, is difficult to explain in terms of
cooking oil fumes, because of the more effective kitchen
ventilation in these countries. In Western countries, the
recent lung cancer increase in females was explained
mainly by increased tobacco smoking [20, 21]. Smoking is
generally much more common in Western females than in
Asians, and the estimated risk of tobacco-associated lung
cancer is higher in Caucasians than in Asians [21].
Accordingly, the increasing incidence of AD among Asian
females is difficult to explain in terms of smoking or ETS.

The possibility of higher susceptibility to lung cancer in
females has been widely discussed [22-24]. Several studies
have suggested that females are more likely to develop
lung cancer than similarly exposed males. For example, a
hospital-based case—control study demonstrated that the
dose-response odds ratios (ORs) during cumulative expo-
sure to tobacco smoking were 1.2-1.7 times higher in
females than in males [22]. However, other reports found
that the risk for lung cancer from similar exposure to
tobacco smoke was the same between genders [23, 25, 26].
A few molecular epidemiological studies have reported
more numerous polycyclic aromatic hydrocarbon DNA
adducts [27, 28], lower DNA repair capacity [29, 30] and a
higher frequency of G-to-T transversion mutations in the
gene for the p53 tumor suppressor protein [31, 32] in
female than male smokers. In addition, non-small cell lung
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cancers (NSCLCs) were found to be more likely to harbor
K-ras [33], HER-2 [32] or EGFR mutations [34] in speci-
mens from females than from males. If females are bio-
logically more vulnerable to the development of lung
cancer, the causes of lung cancer in lifelong female non-
smokers may include various industrial or automotive air
pollutants that are present at relatively low concentrations.

In general, the prognosis of lung cancer in females is
considered to be better than that in males. The case-fatality
ratio, defined as the mortality (deaths) to incidence (cases),
roughly suggests the prognosis of patients with the disease
[24]. The calculated lung cancer fatality in 2008 [8] was
lower in females than in males in more-developed regions,
but was similar to or higher than that for males in less-
developed regions, probably reflecting insufficient social
support for females, including barriers to suitable medical
care, in less-developed regions (Fig. 3). This illustrates that
socio-economic factors, as well as biological factors, can
be important determinants of the prognosis of lung cancer.

Reported studies show conflicting results concerning the
overall survival difference between genders in NSCLC
patients. In several large-scale clinical studies, the prog-
nosis for female patients tended to be better than that for
male patients, regardless of the disease stage or therapeutic
modality [10, 12, 35]. In a meta-analysis including 39
articles published from 2000 to 2009 involving 86,880
patients, the post-treatment hazard ratio (HR) for females
relative to males was (.78, showing a significant survival
benefit for females [36]. The reason(s) why women with
lung cancer would survive longer than men are still
unclear. However, in Japan, females were more likely to
have AD and stage IA disease, which might account for
their better prognosis [10]. Although the gender and
smoking habit are closely associated in Japan, a postsur-
gical survival analysis in a Japanese population concluded
that the smoking status was not a statistically significant or
important determinant of survival, with the risk for current
smokers relative to non-smokers being 1.00 (p = 0.94;
95 % confidence interval 0.93-1.09) [10].

Differences in lung cancer among ethnicities

In the most recent report of post-resection Japanese lung
cancer patients who underwent surgery in 2004 (n = 11
663), the overall 5-year survival rates were 69.6 % for all
patients, 63.0 % for males and 80.9 % for females [11].
Among patients with the four major histological types of
lung cancer, the highest 5-year survival rate, 74.9 %, was
obtained for AD, showing statistically significant differ-
ences compared to other histological types [11]. These
recent high postsurgical survival rates in Japanese patients
imply that there are differences in the biological features of
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lung cancer between various ethnic groups. A direct
comparison was performed between Japanese and Cauca-
sian patients with NSCLC diagnosed between 1991 and
2001, a period preceding the introduction of epidermal
growth factor receptor tyrosine kinase-inhibitor (EGFR-
TKI) therapy, which is considered to be potentially effec-
tive for AD in Asian non-smokers [37]. That study [37]
demonstrated that there was a significant survival differ-
ence between ethnicities. The overall survival for Japanese
patients was significantly better than that for Caucasian
patients, regardless of the therapeutic modality (surgery,
radiation or chemotherapy). Although the survival in
female patients was better than that of male patients in both
ethnic groups, a significant survival difference related to
the smoking status was found only in the Japanese popu-
lation, suggesting that Japanese lifelong non-smokers with
lung cancer had a better prognosis [37]. However, the
percentage of lifelong non-smokers among female Japa-
nese lung cancer patients (76.3 %) was much higher than
among female Caucasian lifelong non-smoking patients
(9.9 %), which may have affected the results.

However, confirming the decreased risk in Asians
compared to Caucasians, a Southern California lung cancer
database was generated covering the years from 1991 to
2005 that included four ethnic groups; White, Asian, His-
panic and African-American [38]. In that study of a specific
region, the environmental influence could be minimized to
facilitate ethnic comparisons. A multivariate survival
analysis identified Asian ethnicity as a favorable prognostic
factor for overall survival among both lifelong non-

smokers and smokers. However, the socio-economic status
was not considered in that study.

In a French population-based case—control study
including patients newly diagnosed between 2001 and
2006, smoking was associated with an eightfold increase in
lung cancer risk, identifying cigarette smoking as the most
important cause of lung cancer in French females [21]. In
that study, lifelong non-smokers accounted for 29 % of all
lung cancer patients and 38 % of AD patients. Another
French study [39] reported that the proportion of female
lung cancer patients who had never smoked increased with
age, from 13.5 % at ages under 50 to 74.1 % at ages over
70. A high lung cancer risk despite a low prevalence of
smoking has also been observed in ethnic Chinese females
who had migrated to Australia, San Francisco, Hawaii,
Singapore and Western countries [17, 40, 41]. This may
reflect ethnicity-specific biological or cultural factors
shared by these Chinese females.

The associations between tobacco smoke and the risk of
lung cancer development and mortality differ by ethnicity.
For example, an international case—control study compar-
ing American and Japanese males demonstrated an OR for
lung cancer in male current smokers in the US relative to
non-smokers of 40.4, but an OR of only 3.5 for male
current smokers in Japan [42]. A possible explanation for
this striking difference included higher concentrations of
tobacco-specific nitrosamines in the US, wider use of cig-
arettes with activated charcoal filters in Japan, different
inherited genetic susceptibilities and differences in lifestyle
factors apart from smoking [42]. Other studies estimated
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the relative risk (RR) of lung cancer death among smokers
compared to non-smokers to be 4.5 for males and 3.6 for
females in Japan, while the RR for males ranged from 11.6
to 23.2 and that for females ranged from 2.7 to 12.8 in the
US and the UK [43-48]. In summary, both the estimated
incidence and mortality risks for lung cancer in Japanese
smokers were lower than those in US smokers, while the
lung cancer death rates for lifelong non-smokers among
Japanese were higher than those for lifelong non-smokers
in the US.

Data from Europe and Canada [49] cast light upon the
relationship between tobacco smoking and the histological
type of lung cancer. The age-adjusted ORs relative to non-
smokers for current male smokers with an average daily
consumption over 30 cigarettes were 103.5 for SQ, 111.3
for SM and 21.9 for AD. In females, the corresponding
ORs were 62.7, 108.6 and 16.8, respectively, [49].

Different distributions of somatic gene mutations in AD
between Caucasians and Asians were found in the acti-
vating EGFR gene mutations. The prevalence of the
EGFR-TKI-sensitive mutation was high in AD in an Asian
population, but was low in Caucasians [50-54]. The full
range of genetic factors involved in the susceptibility to
lung cancer are still unclear, but some studies have sug-
gested an association between family history and the risk of
lung cancer, especially in the case of AD [55]. Recent
genome-wide association studies identified four suscepti-
bility loci for lung AD, 5p15.33 (OR = 1.41), 328
(OR = 1.25), 17243 (OR=1.20) and 6p21.3
(OR = 1.18) in the Japanese population [56]. The candi-
date lung cancer susceptibility genes in these loci are
TERT, TP63, BPTF and BTNL2. The TP63 gene was
confirmed to be associated with lung cancer risk for Jap-
anese, Korean and Chinese populations. Since the associ-
ation was weaker in Europeans, differences in the extent of
the contribution from these genes to lung cancer suscepti-
bility may exist between ethnic groups [56].

Multiple studies have suggested that lung cancers in
Asians are less invasive than those in Caucasians, because
the survival in Asians typically is longer regardless of the
therapeutic modality and disease stage [57]. If this is the
case, different surgical approaches to lung cancer might be
suggested based upon ethnicity. The sole randomized
clinical trial to evaluate limited resection for c-TINO
NSCLC in North America [58] demonstrated that lobec-
tomy was more effective than sublobular limited resection,
including wedge resection. A recent retrospective study
using the database of the US national registry also showed
that lobectomy was significantly better than segmentec-
tomy for patients with stage-I NSCLC, regardless of the
tumor size, in terms of both the overall and cancer-specific
5-year survival [59]. In contrast, multiple Japanese studies
demonstrated segmentectomy to be comparable to
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lobectomy [60, 61]. Limited resection for lung cancer may
therefore be appropriate for Asians, but not Caucasians,
and this may be due to ethnic differences in the biological
malignancy of lung cancer. The prognoses can differ
considerably among the subtypes of AD [62]. Since the
percentages of more precise subtypes of AD were not
described in these reports, analyses considering further
pathological classification among different ethnic groups
should be carried out.

Lung cancer in lifelong non-smokers

Some 15 % of males and 53 % of females with lung cancer
are believed to be lifelong non-smokers [1]. Important
differences in the features of lung cancer between smokers
and lifelong non-smokers include the frequencies of dif-
ferent histological types, the prognosis and the frequency
of EGFR, RAS and other genetic mutations [63, 64].
Because of the large number of differences between them,
the lung cancers in smokers and lifelong non-smokers
might best be diagnosed and treated as different types of
cancer.

The causes of lung cancer in lifelong non-smokers have
been studied from different points of view, but decisive
results have not yet been obtained. ETS [9] has attracted
considerable interest as a possible etiology for lung cancer
in lifetime non-smokers. Mainstream cigarette smoke is
inhaled directly into the smokers’ lungs, where it can
induce carcinogenesis in airway cells. In lifelong non-
smokers, both side-stream cigarette smoke emitted from a
burning cigarette and mainstream cigarette smoke exhaled
by smokers are inhaled. Mainstream cigarette smoke con-
tains more than 4,000 chemicals, including 70 known
carcinogens and 400 other toxic compounds. Representa-
tive carcinogens include 4(methylnitrosamino)-1-(3-pyri-
dyl)-1-butanone  (NNK), N -nitrosonornicotine  and
tobacco-specific N-nitrosamines (TSNAs). TSNAs are
formed by N-nitrosation of nicotine and other alkaloids.
Increased nitrate, a major precursor for nitrogen oxides,
leads to higher yields of NNK in the smoke. Other car-
cinogens present in tobacco smoke include polycyclic
aromatic hydrocarbons (PAHs), aromatic amines (AAs),
benzo[a]pyrene (BP) and trace metals. The side-stream
smoke contains much more BP, 4-aminobiphenyl (4-ABP)
and NNK than mainstream smoke. The International
Agency for Research on Cancer estimated the increased
risk for developing lung cancer due to ETS exposure to be
35 % in males and 25 % in females [65]. In a meta-analysis
of 19 studies focused on females who never smoked, the
increased risk from ETS was estimated to be 20 % [66].
Since not all studies detected a significantly increased risk
of lung cancer due to ETS, further studies with accurate
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information about personal ETS in a larger sample size are
required to clarify the true effects of ETS in lifelong non-
smokers.

In general, the frequency of EGFR gene mutations in
smokers is low compared with that in lifelong non-smok-
ers. In Korean lifelong non-smokers with lung cancer, the
incidence of EGFR gene mutations was significantly lower
in patients with ETS exposure than in those without (38.5
vs. 61.4 %) [67], suggesting that ETS tended to induce
“smoker type” lung cancer. The reason why the EGFR
mutation occurs frequently in lung AD in lifelong non-
smokers remains unknown.

In China, up to 90 % of lung AD in lifelong non-
smokers harbor known oncogenic driver mutations in only
four genes: EGFR, KRAS, ALK and HER?2 [7]. The same
group studied Chinese females with AD who had never
smoked, and found that 76.2 % of tumors harbored EGFR
mutations, 14.6 % had HER2 mutations, 4.3 % had EMIA4-
ALK fusions, 2.0 % had KRAS mutations and 0.6 % had
BRAF mutations. Patients harboring EGFR mutations were
found significantly more often in the older population,
while patients harboring HER2 mutations were found sig-
nificantly more often in the younger population [68].

Plausible causes of the increase in lung
adenocarcinoma

Since the smoking rates in developed counties are decreas-
ing, the increases in AD are difficult to explain by tobacco
smoke alone. Several hypotheses have attempted to explain
why ADs are increasing worldwide. The effects of increased
consumption of low-tar and low-nicotine cigarettes since
1970 represent one possible cause of the increase in lung AD.
Smokers inhale smoke from these cigarettes more deeply to
enhance the delivery of the smoke, with its numerous car-
cinogens, enabling it to reach the lung periphery, where ADs
are most likely to develop. Cigarette filters might increase
peripheral ADs by the same mechanism.

The air pollution induced by industrialization in more
developed countries is another possible cause. The rela-
tionship between air pollution (S,, CO, Oz, NOx) and the
histological type of lung cancer was studied in Taiwan
[69]. Traffic-related NOx and CO showed significant
correlations with the lung cancer incidence in females but
not in males. Moreover, a significant correlation was
found between the AD/SQ ratio and the mean concen-
trations of NOx and CO in females. The AD incidence
increased in both genders according to the intensity of air
pollution.

Previously identified non-ETS risk factors in lifetime
non-smokers include occupational exposure to silica or

asbestos, chronic obstructive pulmonary disease (COPD),
pneumonia, a family history of lung cancer, residential
radon, tuberculosis and the household use of coal [70].
Calculated population-attributable fractions (PAFs) asso-
ciated with the burden of lung cancer in lifetime non-
smokers attributable to these risk factors in North America
ranged from 0.40 to 19.93 %; because of differences in the
prevalence of exposure, PAFs associated with several of
these risk factors varied greatly by geographic region [70].
Further epidemiological studies will be necessary to elu-
cidate the reason(s) for the increase of AD in lifetime non-
smokers in specific areas and countries.

Revised classification of adenocarcinoma

The new classification of lung AD supported by the
International Association for the Study of Lung Cancer, the
American Thoracic Society and the European Respiratory
Society (IASLC/ATS/ERS) appeared in 2011 as the future
version of the World Health Organization classification
[62]. This new classification was developed by an inter-
national multidisciplinary panel including pathologists,
molecular biologists, oncologists, radiologists and thoracic
surgeons (Table 1). AD in situ (AIS) was newly added as a
preinvasive type of AD. Most tumors in this group were
formerly classified as non-mucinous bronchioloalveolar
carcinoma (BAC) which appear as focal pure ground glass
opacity (GGO) on chest computed tomography (CT).
These patients should have a 100 % 5-year disease-free
survival after complete resection of the tumor. Minimally
invasive AD (MIA) typically shows a solid component
measuring 5 mm or less and has a near 100 % five-year
disease-free survival after complete removal. Invasive ADs
are classified according to the predominant subtype present
in resected or biopsy specimens. Other, rare types of
invasive ADs are classified as variants.

Interestingly, the frequency of driver mutations in lung
AD seemed to be associated with the pathological subtypes
of AD under the new classification [68]. For example, a
higher prevalence of KRAS and HER2 mutations was found
in invasive mucinous AD, and the frequency of EGFR
mutations was positively correlated with acinar-predomi-
nant invasive AD [68]. The associations between the new
pathological classification of AD and specific genetic
mutations should be explored further.

Future directions

The prevention of lung cancer is the most important issue
related to the disease. Since the major known preventable
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Table 1 The new classification of lung adenocarcinoma in resected
specimens 2011 (IASLC/ATS/ERS)

Preinvasive lesions
Atypical adenomatous hyperplasia (AAH)

Adenocarcinoma in situ (<3 cm pure lepidic growth without
invasion)

Non-mucinous

Mucinous

Mixed non-mucinous/mucinous
Adenocarcinoma

Minimally invasive adenocarcinoma (<3 cm lepidic
predominant tumor with <5 mm invasion)

Non-mucinous

Mucinous

Mixed non-mucinous/mucinous
Invasive adenocarcinoma

Lepidic predominant (formerly non-mucinous BAC pattern,
with >5 mm invasion)

Acinar predominant
Papillary predominant
Micropapillary predominant
Solid predominant
Variants of invasive adenocarcinoma
Invasive mucinous adenocarcinoma (formerly mucinous BAC)
Colloid
Fetal (low and high grade)
Enteric

BAC bronchioloalveolar carcinoma

cause is tobacco smoke, antismoking campaigns should be
pursued aggressively, especially for females and younger
people, in addition to strict governmental regulation of
ETS. Screening to detect lung cancer early is the second
priority. Low-dose chest CT seems to be the most powerful
screening tool to detect peripherally located early ADs
[71]. Since chest CT can find various small Iesions
including benign nodules mimicking early lung cancers,
such as AIS and MIA, a definitive diagnosis should follow
as safely and efficiently as possible [72]. Endobronchial
ultrasound-guided lung biopsy is useful for the diagnosis of
invasive ADs. For the definitive diagnosis of preinvasive
AD or benign lesions, a lung biopsy by video-assisted
thoracic surgery (VATS) is the most effective method. If
the lesion is considered to be a preinvasive lung cancer
based on the chest CT findings, organ-sparing limited lung
resection may be the most reasonable treatment. Finally,
the increase of ADs in lifetime non-smokers is a growing
problem that needs to be solved. Well-designed epidemi-
ological studies to find causes of ADs other than tobacco
smoke, and genetic analyses of ADs in this population of
patients, should be initiated to address this issue.
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