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Lung cancer in never-smokers: a hidden disease
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In the UK, it is estimated that nearly 6000 people who
have never smoked die of lung cancer every year –
greater than the numbers of people who die of cervical
cancer (�900), lymphoma (�5200), leukaemia
(�4500) and ovarian cancer (�4200).1,2 While smok-
ing remains the largest modifiable risk factor for lung
cancer in the UK, accounting for 86% of lung cancers,
if considered as a separate entity lung cancer in never-
smokers is the eighth most common cause of cancer-
related death in the UK and the seventh most preva-
lent cancer in the world.3,4

Globally, there is wide variation in the proportion
of lung cancers in never-smokers, in the range of 10%
to 25%.5 With declining rates of smoking, the relative
proportion of lung cancers in never-smokers is rising.
Furthermore, the absolute numbers and rates of lung
cancers in never-smokers are increasing, and this does
not appear to be confounded by passive smoking or
misreported smoking status.5 A growing body of
work has described the distinct clinical, pathological
and biological features of lung cancers in never-smo-
kers. Yet, despite these advances in our understand-
ing, most people who have never smoked do not
believe they are at risk and often describe experien-
cing stigma if they do develop lung cancer.6,7 These
findings have clear implications for clinicians, the
general public, policy makers and research funders,
who have all traditionally conceptualised lung cancer
as a ‘smokers’ disease’.

Clinical epidemiology: the search for
causation

Lung cancer in never-smokers is almost exclusively
made up of non-small-cell lung cancers, with a pre-
dominance of adenocarcinoma over squamous cell
carcinoma of around 8:1 in Europe.8 Small-cell lung

cancer is strongly associated with smoking and is rare
in never-smokers. A 30-year follow-up of patients
under the Cancer Prevention Study II, a prospective
cohort study of 1.2 million Americans providing one
of the most rigorous estimates of lung cancers in
never-smokers, found a clear increase in incidence
with age (Figure 1).

‘Never-smoker’ generally refers to patients who
have smoked less than the equivalent of 100 cigarettes
in their lifetime.4 Lung cancers in never-smokers can
be partly attributed to environmental pathogens;
however, identifying the cause of the cancer in indi-
vidual patients is difficult due to the overlapping and
ubiquitous nature of risk factors and exposures.
Current estimates of the major contributors to lung
cancers in never-smokers in the UK are: second-hand
smoke (�15%); occupational carcinogen exposure
(�20.5% men, �4.3% in women); outdoor pollution
(�8%); X-ray radiation (�0.8%); and radon expos-
ure (�0.5%).4,5 Additionally, several risk factors
potentiate the risk of lung cancer in smokers; for
example, 2.9% of lung cancers are caused by radon
exposure and smoking, in which case avoiding either
exposure would have prevented the cancer from
occurring.9 A higher proportion of lung cancers in
women occur among never-smokers, as compared
to men, reflecting historically lower smoking preva-
lence and industrial exposures. Although hormonal
factors have been an area of interest, data from the
UK based Million Women Study do not support
increased lung cancers in never-smokers risk with
use of hormone replacement therapy.10

Globally, the use of solid fuels for indoor cooking
and second-hand smoke exposure are important con-
tributions to lung cancers in never-smokers and dis-
proportionately affect women.4 There appears to be a
higher incidence of lung cancers in never-smokers in
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Asia with a younger age at presentation and distinct
genotypes which can be targeted with specific thera-
pies.11 A number of other risk factors have been sug-
gested, including previous lung disease, dietary
intake, alcohol intake, family history, hormonal fac-
tors, infectious diseases (including previous tubercu-
losis infection, human papillomavirus infection and
pneumonia) and diabetes mellitus.5

Genomics: new perspectives

Genomics has transformed the understanding of dif-
ferences between smoking-related and non-smoking-
related lung cancers. Never-smokers display distinct
genotypes, with an increased prevalence of specific
mutations, including EGFR, ALK-EML4, ROS-1
and BRAF, when compared to smokers.12 Overall,
fewer mutations are seen in lung cancers in never-
smokers as compared to smoking-related lung
cancer, but those which do occur are mostly involved
in malignant transformation and potentially more
amenable to treatment.12 Together with early diagno-
sis, developing new targeted therapies against specific
mutations could further improve patient survival.
The overall prognosis is improved in never-smokers
compared to smokers, a finding which appears to
reflect genotype rather than the effect of smoking
itself.13 Other factors which may contribute to
improved survival include: fewer co-morbidities;
younger age at diagnosis; and targeted treatment
options among never-smokers.14

Clinical implications: balancing
over-treatment and under-investigation

The sensitivity of typical symptoms, such as cough,
dyspnoea and haemoptysis, among those who do not
smoke is half that of those who do.15 However, lung
cancers in never-smokers needs to be considered as a
differential diagnosis by clinicians; as we have high-
lighted here, lung cancer in people who have never
smoked is under-recognised, rather than uncommon.
Lung cancer in never-smokers does, however, present
a diagnostic challenge, particularly for general prac-
titioners seeking to balance over-investigation with
early diagnosis and high-quality care. To aide clinical
decision-making, more sophisticated risk algorithms
for use in primary care, which include the use of
imaging and even biomarkers, may need to be
developed.

Supporting clinicians and improving lung cancer
outcomes require a multifaceted approach, which
incorporates prevention, screening and early diagno-
sis, alongside research into new treatment options.
Drawing attention to the contribution of underlying
risk factors to lung cancer in never-smokers presents
opportunities to reinforce efforts to tackle other
major public health challenges. For example, the
impact of air pollution on lung cancer adds weight
to the government’s ambitions to improve air quality
and the public, clinicians and policy makers must all
be aware of this relationship.

Future challenges

From a public perspective, the historically strong,
and correct, messaging on smoking and lung cancer
has inadvertently contributed to lung cancer receiving
much less press and political attention than many
other cancers, such as breast, prostate and ovarian
cancers.16 The impact of smoking on health through-
out the life course cannot be understated; however,
increasing awareness among policy makers and the
general public could help reduce the blame culture
around lung cancer and re-balance research funding.

We also need to consider new screening methods in
both smokers and non-smokers. Research on low-
dose CT scanning lung cancer screening in high-risk
individuals is underway. However, only 0.03% of
never-smokers were deemed high-risk and eligible
for the randomised controlled trial.17 This screening
approach, which balances harms of radiation expos-
ure with benefits of early diagnosis, focuses on high-
risk smokers and of course gives no benefit to lung
cancers in never-smokers.

In the UK today, 85% of people do not smoke.18

While continuing efforts to reduce smoking uptake

Figure 1. Age-specific incidence rates of lung cancer in

lifelong never-smokers (Cancer Prevention Study II) in the

US (as cited in Parkin).1
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and promote cessation among the 15% of people who
have yet to quit, research priorities, health promotion
material and frontline NHS services must reflect the
needs of the wider population as well. Lung cancer in
never-smokers is more common than most people
think and on the rise: it is time to give this disease
the recognition it deserves.
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