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The final publication of the NELSON trial data [1] has corroborated the findings of the National Lung
Screening Trial (NLST) confirming the ability of lung cancer screening with low-dose computed
tomography (LDCT) to detect lung cancer at an early stage and significantly reduce lung cancer mortality
in high-risk groups [2].
Since then, the European Respiratory Society and the European Society for Radiology have agreed that
Europe’s healthcare systems should allow citizens at risk to benefit from organised pathways to early
diagnosis of lung cancer [3] and efforts are ongoing to obtain governmental approval for publicly funded
screening programmes in European countries, as has already happened in the USA.
However, the mortality benefit of LDCT screening was only demonstrated in heavy smokers in an age
range above 50 or 55 years, and in Western countries, where lung cancer in never-smokers is 12–30 times
less frequent than in smokers [4].
Unfortunately, lung cancer in never-smokers has been steadily increasing worldwide in the past few
decades and it now ranks seventh among the causes of cancer death [5–7]. It has a particularly high
impact in Asia, where it peaks as high as 39.7% of all lung cancer patients in China, and at 38% in South
Korea, compared to only 10%–15% in Europe and North America [8].
Irrespective of geographical area, female patients are more prevalent, but particularly so in Asian countries
where up to 83% of female lung cancer patients are never-smokers [5].
A number of factors have been implicated in the pathogenesis of lung cancer in never-smokers, such as
exposure to second-hand smoke, the use of solid fuels and indoor cooking in poorly ventilated households
(mainly in low-income countries), particulate matter inhalation, and radon gas [9, 10], while familial
associations strongly suggest the importance of genetic predisposition [11, 12].
It has become increasingly clear that lung cancer in never-smokers has different biological features
compared with ever-smokers [13]: peripheral adenocarcinoma is largely prevalent in never-smokers, most
frequently of the types now classified as minimally invasive adenocarcinoma (MIA) or
lepidic-predominant adenocarcinoma (formerly bronchioloalveolar carcinoma), that have their radiological
counterparts in ground-glass nodules [14].
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On the contrary squamous cell carcinomas are poorly represented in never-smokers, and small cell
carcinomas are virtually absent. Smokers too can develop adenocarcinoma of course, but in them it will
present more often as a solid nodule on CT and tends to have a more aggressive behaviour.
Genetic alterations also differ in lung cancers of never-smokers.
Epidermal growth factor receptor (EGFR) mutations are the most common oncogenic driver in
never-smoker pulmonary adenocarcinoma in East Asia (60–78% of this subgroup), while they can be
found only in about 10–15% in western countries, and the frequency of EGFR-mutated lung cancer
decreases with increasing smoking exposure. Other oncogenic drivers may be predominantly identified in
never-smokers with adenocarcinoma, such as ROS1 rearrangement, but can also been found in patients
with other histotypes.
On the other hand, KRAS mutations pertain almost exclusively to lung cancer in smokers, and P53
mutations, which can be observed both in patients who have never smoked and in those with
tobacco-associated lung cancer, appear with different frequency and show different mutational signatures
and spectra [7, 13, 15, 16].
Finally, pathological features of aggressive lung cancer are much less frequent in never-smokers who have
better cancer-specific and overall survival after treatment regardless of stage [17, 18].
Targeting the appropriate population for a LDCT screening programme is of paramount importance in
order to maximise the potential benefits of screening and minimise unwanted harm and added costs of
false positive findings, overtreatment of indolent lesions, and increased use of primary and secondary care
resources by screened subjects [19].
A number of risk models have been developed in an attempt to detect as many lung cancer patients as
possible in asymptomatic high-risk groups and to keep as many non-lung cancer patients as possible away
from harm.
With one exception [20] in Western countries current risk models including the most widely adopted
PLCOm2012 do not include never-smokers [21].
However, some data [22, 23] suggest that the impact of smoking may be relatively less important in East
Asia than in Europe and North America.
By applying a risk model that includes sex, age, family history and analysis of a set of single-nucleotide
polymorphisms that were found to be associated with lung cancer risk, YANG [24] reported a high 2.34%
lung cancer detection rate in a screening trial that specifically targets never-smokers in Taiwan.
Prospective trials of LDCT screening started in Japan in the late-1990s that included never-smokers and
subjects as young as 40 years [23], and many observational studies or voluntary paid CT screening
programmes have been active since then in Asian countries (table 1).

TABLE 1 Prevalence of BAC-AAH-AIS-MIA in CT screening programmes in Asian countries and in the NLST
Study

Year

Country

Age
years

Smoking
history

Subjects

Females

Lung
cancer

BAC-AAH-AIS-MIA Adenocarcinoma

Stage I

WU [22]
KANG [25]

2016
2018

40–80
40–75

Non-smokers
Non-smokers

1615
12176

734 (45%)
7744 (63%)

25 (1.55%)
55 (0.45%)

22 (88%)
18 (32%)

3 (12%)
37 (67%)

22 (88%)
51 (93%)

KIM [28]

2018

40–79

Non-smokers

4365

4365 (100%)

22 (0.50%)

17 (77%)

5 (23%)

18 (82%)

SONE [23]
YANG [24]
CHEN [26]
FAN [27]
SONE [23]
KANG [25]

2001
2016
2016
2019
2001
2018

40–74
55–75
19–86
35–96
40–74
40–75

Non-smokers
Non-smokers
Mixed
Mixed
Smokers
Smokers

2954
10397
3399
14506
2529
16631

2342 (79%)
7703 (74%)
1593 (47%)
5828 (40%)
170 (7%)
748 (4.5%)

31 (1.05%)
243 (2.34%)
30 (0.88%)
238 (1.23%)
29 (1.15%)
143 (0.86%)

28 (90%)
58 (24%)
12 (40%)
145 (61%)
14 (48%)
31 (22%)

2 (6.4%)
152 (63%)
16 (53%)
80 (33%)
7 (24%)
73 (51%)

NLST [1]

2011

Taiwan
South
Korea
South
Korea
Japan
Taiwan
Taiwan
China
Japan
South
Korea
USA

55–80

Smokers

26722

10953 (41%)

649 (2.43%)

110 (17%)

380 (59%)

231 (95%)
29 (97%)
140 (79%)
91 (64%)
520 (80%)

BAC: bronchioloalveolar carcinoma; AAH: atypical adenomatous hyperplasia; AIS: adenocarcinoma in situ; MIA: minimally invasive
adenocarcinoma. These entities are here presented as one group.
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Data on lung cancer overdiagnosis of inconsequential, indolent lung tumours ( pseudodisease) with LDCT
screening in randomised LDCT trials vary widely. In the NLST it is estimated at 18% [29], while in the
Danish Lung Cancer Screening trial at 60% [30].
Overdiagnosis of indolent disease and some unwanted harm are the price to pay in any screening
programme and are hardly avoidable; for a population screening programme to be effective and
worthwhile however, overdiagnosis and harm must be compensated by a reduced mortality rate in the
screened population.
In other words, the goal of lung cancer screening should be a reduction in lung cancer mortality and not
simply an increase in the detection of “early-stage” indolent tumours.
In European and North American screening trials, the observed prevalence of tumours manifesting as
ground-glass nodules (GGNs) is quite low (4–16%) [31–33], a striking difference with screening trials in
Asian countries and, in particular, in Asian female never-smokers, where a very high prevalence of
subsolid lesions is reported (table 1).
There is ample observational evidence that many of these are fairly unaggressive and may at least in part
represent overdiagnosis.
In Europe, SILVA et al. [33] and SCHOLTEN et al. [34] have reported on the outcomes of persistent subsolid
nodules detected by LDCT screening and followed for prolonged periods. In both studies, the risk of dying
of a lung cancer developing from a subsolid nodule was exceedingly low and long-term observation of
such lesions was advocated.
KAKINUMA et al. [35] reported on long-term observation of subjects with persistent GGNs in Japan. While
part-solid nodules (with a solid component measuring up to 5 mm in a mediastinal window) had a 48%
probability of growth within 5 years, the probability of growth by at least 2 mm at 5 years was only 12–
24% in pure or “heterogeneous” GGNs.
KOBAYASHI et al. [36] recently reviewed recent reports on patients with GGNs whose smoking history was
available, and observed that all data consistently showed that persistent GGNs in never-smokers were
significantly less likely to grow, and less likely to increase in number than in smokers.
A clue that the risk of overdiagnosis in never-smokers undergoing LDCT screening in Asia might be
relevant is offered by KONDO et al. [37], who reported a high incidence of non-solid nodules in
non-smokers who underwent LDCT screening; in this subgroup, there was a low resection rate of 45% due
to continued observation in many such cases. Despite this, the mortality rate due to lung cancer was only
3.7% in this group, while a 79% resection rate and 29% mortality rate was observed in lung cancers
detected by chest radiograph, most of which were solid lesions.
In China, LIANG et al. [38] have recently observed that lung cancer incidence in females in the outskirts of
Shanghai have risen significantly since LDCT screening was introduced but lung cancer mortality rate
remains stable: a hallmark of overdiagnosis.
On the other hand, although such tumours tend to have an indolent course and may not grow for many
years, we have little data about the fate of younger patients (e.g. in their forties) who have been diagnosed
with subsolid nodules and followed lifelong.
Clearly, some GGNs do have a potential to progress and become truly malignant, albeit after many years
[39]; but there would be plenty of time for them to grow when they first appear in relatively young
patients.
In this current issue of the European Respiratory Journal, KIM et al. [40] present data from a huge
retrospective cohort study of 37 436 asymptomatic adults who underwent LDCT screening in South Korea,
48% of whom were never-smokers.
A detailed description of abnormal findings, false positives and invasive procedures is provided in both
groups, showing that a similar probability of unwanted harm is to be expected in both ever- and
never-smokers undergoing CT-screening, together with a slightly lower lung cancer detection rate in the latter.
Strong correlations between age and lung cancer risk were observed in never-smokers by KANG et al. [25]
in a previous work on the same patient population, where lung cancer detection rate was only 0.16% in
patients below the age of 50 years.
Another group recently reported on 4365 female never-smokers aged 40–79 years enrolled in another lung
cancer screening programme in Korea [28]. Lung cancer detection rate was 0.5% overall, but female
never-smokers who had Lung-RADS category 1–3 findings at baseline had only 0.07% probability of
developing subsequent lung cancer at 5 years and only 0.17% at 10 years.
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Current data suggests therefore that sex, age, family history, and the results of the baseline CT-scan if
already available should be taken into account when considering lung cancer CT screening for
never-smokers. It is reasonable to assume that the balance between benefits of CT screening and its
downsides will not be the same for everyone.
Potential benefits of screening for lung cancer in terms of mortality reduction should outweigh potential
harm and financial burden, also in never-smokers. These metrics should be assessed in a controlled
fashion in large enough randomised trials, but such data is not available as yet and is not going to become
available anytime soon.
Despite such a knowledge gap, lung cancer screening in never-smokers is already commonplace and it will
certainly continue to expand in the near future at least in Asia, so the more information is available, the
better doctors can do for their patients.
The information provided by KIM et al. [40] on lung cancer detection rate, false positives and on the
probability of facing unwanted consequences can be useful for individual patient counselling on a decision
that can have an important impact on their health.

Conflict of interest: M.V. Infante has nothing to disclose. G. Cardillo has nothing to disclose.
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