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abstract
Lung cancer is the leading 

cause of cancer death worldwide 
and the third most common 
cancer following breast and 
prostate.1 As expected, the 
primary factor leading to lung 
cancer is tobacco smoke, and as 
smoking rates have declined, we 
have also seen an overall decline 
in lung cancer rates.2 Despite the 
general reduction in lung cancer 
rates, the rate of lung cancer in 
non-smokers has been noted to 
be increasing.3-8 

introduction
With the overall rates of 

lung cancer and tobacco smoking 
declining, the evaluation of lung 
cancer in non-smokers has become 
of clinical interest. Several studies 
have suggested that lung cancer 
in non-smokers is different from 
both a biologic and epidemiologic 
perspective such that it should be 
looked at as a completely distinct 
entity.9 When discussing lung 
cancer in non-smokers, the term 
“non-smoker” or “never smoker” 
classically refers to individuals 
who have smoked less than 100 
cigarettes in their lives. In terms 
of the type of cancer, non-smokers 
are mainly afflicted with non-small 
cell lung cancer, predominantly 
adenocarcinoma. Due to the 
exceedingly low rates of small cell 
lung cancer in non-smokers, this 
will not be addressed further here.10  
In this article we will review the 

epidemiology, risk factors and 
treatments for lung cancer in non-
smokers.

epidemiology
Worldwide, 15-20 percent of 

men with lung cancer are non-
smokers while over 50 percent 
of women with lung cancer are 
non-smokers.11 This demographic 
has some significant geographic 
differences as lung cancer in non-
smoking women in Asia comprises 
approximately 60-80 percent of the 
cases of lung cancer.12 In a study 
performed in the United States, 
roughly 19 percent of women with 
lung cancer were non-smokers, and 
only 9 percent of men with lung 
cancer were non-smokers.13 As this 
data has shown, lung cancer in non-
smokers tends to be more common 
in females (Table 1).

Along with this data, there 
have been several studies to suggest 
the rates of lung cancer in non-
smokers is overall increasing.3-8 The 
evidence on mortality rates among 
non-smokers versus smokers with 
lung cancer has been conflicting. 
Some studies have suggested lower 
mortality rates in the non-smoking 
population.14 Despite this, other 
studies have indicated no significant 
difference or even a possible increase 
in mortality.5 One finding that has 
been consistent is that despite non-
smoking women more frequently 
being diagnosed with lung cancer, 
they do have an overall decreased 
mortality when compared to 

lung cancer in non-
smokers is almost 
exclusively non-small 
cell lung cancer, with 
adenocarcinoma being 
the most common type. 
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men.24  This data is similar 
in the smoking population 
as well, as women have been 
known to live longer than 
men with lung cancer.15 The 
age at which lung cancer is 
diagnosed in non-smokers has 
classically been considered 
to be a younger population. 
Recent studies looking at the 
age of diagnosis have refuted 
this clam as the majority of 
non-smokers with lung cancer 
were diagnosed at an older age 
as compared to smokers.16 

risk Factors
There have been several 

suspected risk factors for lung cancer in non-smokers, 
but none are known to be directly causative at this 
time. Several of the proposed essential risk factors will 
be discussed.

Age 
Age at diagnosis for lung cancer in non-smokers 

has classically been considered to be a younger person’s 
disease. Several studies have refuted this claim, 
showing that increasing age is a common predisposing 
factor.16-17 The increased risk with age is felt to be due 
to the duration of exposure to potential carcinogens 
throughout one’s life (e.g., secondhand cigarette 
smoke, radon gas).

Secondhand Smoke
Secondhand smoke has been implicated in 

the development of lung cancer in non-smokers.25 
Multiple studies have suggested that 15-35 percent 
of lung cancer in non-smokers is due to secondhand 
smoke exposure.18 Importantly, there is also an 
increased risk for those non-smokers that have a spouse 
that is a smoker. In a meta-analysis that included 55 
studies, it was found that women who were married to 
a smoker had a 27% increase in risk of lung cancer.19 

Environmental Exposures
Several studies have also linked environmental 

exposures to lung cancer — some known exposures 
including asbestos, chromium, and arsenic.21 There 
have also been studies linking indoor and outdoor 

air pollution to the development of lung cancer.20 
Asbestos exposure that is complicated by intestinal 
fibrosis or asbestosis is noted to lead to increased lung 
cancer rates. In one study, it was noted that asbestos 
exposure alone lead to a six-fold increase in relative risk 
of developing lung cancer, while asbestos exposure and 
smoking lead to a 59-fold increase. 22

In developing countries, chronic exposure to 
cooking fumes from burning wood or frying has been 
linked to an increased rate of lung cancer in non-
smokers.20 This problem is most evident in developing 
countries where women are primarily in charge of 
cooking duties and can spend hours each day cooking 
amongst open flames. This exposure is thought to be 
the cause of some of the disproportionate lung cancer 
rates within this population.20 Additionally, animal 
dung/feces can be dried and used as fuel, which when 
inhaled can also lead to increased risk of cancer and 
reactive airway disease. 

Radon  
Another potential risk factor is radon. Radon is a 

decay product of uranium-238, as well as radium-226, 
and possesses the capability of damaging respiratory 
epithelium via emissions of alpha particles. Radon is 
known to be present in soil, rock, and groundwater 
and due to this, it can accumulate in homes. Although 
controversial, exposure to radon within homes may 
play a role in the development of lung cancer in non-
smokers.23 There is a known increased risk of lung 
cancer among uranium miners which is felt to be due 

Table 1. lung Cancer – Smokers vs non-Smokers

Data taken from:
Margarida Dias, Rita Linhas, Sérgio Campainha, Sara Conde & Ana Barroso(2017) Lung cancer in never-smokers – what are the 
differences?, Acta Oncologica, 56:7, 931-935 
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to radon exposure. The increased radon exposure in 
this group has more clearly linked the exposure to 
lung cancer.24 In a meta-analysis of 13 studies, there 
was a reported a direct relationship between the level 
of radon detected in homes and the risk of developing 
lung cancer; based on this information the authors 
estimated that radon exposure might be responsible for 
up to 2 percent of lung cancer deaths in Europe.25

Genetic Factors
Lung cancer in non-smokers is felt to have a 

genetic predisposition as many studies have shown 
that those with a family history of lung cancer are at 
increased risk.26 To further illustrate this importance, 
in one case-control study that looked at over 2,400 
relatives of 316 cases of lung cancer in non-smokers, 
there was a 25 percent increased risk of any cancer 
among the first degree relatives. There was also an 
increased risk of early onset (age less than 50 years) 
lung cancer among the relatives who smoked.27 While 
this study does not directly link a history of lung cancer 
in non-smokers to future generations developing lung 
cancer, it does show the importance of genetic factors 
leading to the development of cancer as well as the 
risk involved when genetically susceptible individuals 
partake in smoking. There are specific germline 
mutations that have been identified in families with 
high rates of lung cancer in non-smokers. The most 
prominent of these is the germline mutation in the 
epidermal growth factor receptor (EGFR).28 The 
identification of this mutation has led to specific 
advances in targeted treatment for individuals with this 
mutation, which is seen mainly in non-smokers with 
lung cancer.29 

Lung Disease 
Another important risk factor for the development 

of lung cancer in non-smokers is underlying lung 
disease. Lung disease can be due to many different 
factors which range from pre-existing disease or from 
chemotherapy and radiation.26 The extent of this risk 
is not truly known as the majority of lung disease is 
related to smoking. Also, when looking at pulmonary 
fibrosis, studies also suggest there is some increased risk 
related directly to the disease.27

Oncogenic Viruses 
Several viruses have been implicated in the 

development of cancer. Some of these include Epstein-

bar virus (EBV), human papillomavirus (HPV), 
and Hepatitis B and C. Of these, HPV has known 
associations with head and neck cancers as well as 
potential implications in lung cancer.28 Despite these 
potential implications, a meta-analysis on the role of 
HPV and the development of lung cancer in non-
smokers was inconclusive.29

Estrogens 
It has been postulated that estrogens and other 

female hormones could be leading to the increased risk 
of lung cancer in non-smokers.11 It has also been noted 
that many of the non-small cell lung cancers express 
an estrogen receptor, and expression of this receptor is 
more common in lung cancer seen in non-smokers as 
compared to smokers.30

Biologic differences
There are several differences in lung cancer between 

smokers and non-smokers; some of these include 
pathologic differences as well as molecular differences.

Pathologic Differences
Non-small cell lung cancer, mainly 

adenocarcinoma, is more common in non-smokers and 
light smokers, as well as former smokers. For heavy 
smokers, squamous cell carcinoma and small cell lung 
cancer are seen more commonly.31

Molecular Differences
With advances in the understanding of the 

molecular biology of cancer there have been found 
substantial differences between lung cancer in smokers 
versus non-smokers. Several studies have suggested that 
lung cancer in non-smokers is different enough from a 
biologic and epidemiologic perspective to be looked at 
as a completely different entity.9

Many different mutations have been found. The 
most common include the epidermal growth factor 
receptor (EGFR), Kirsten rat sarcoma viral oncogene 
homolog (KRAS) mutation and anaplastic lymphoma 
kinase (ALK) gene rearrangement. Due to these 
known mutations, there has been a significant effort in 
attempts to find “driver” mutations in non-small cell 
lung cancer. Driver mutations are those mutations that 
appear to be leading to or “driving” a particular cancer. 
The National Cancer Institute’s lung cancer mutation 
consortium presented data at the American Society of 
Clinical Oncology annual meeting on the evaluation 

July Aug 2020 MM.indd  377 8/5/2020  11:45:49 AM



378 | 117:4 | July/August 2020 | Missouri Medicine

SCIenCe OF MeDICIne

of 800 patients with non-small cell lung cancer and 
showed that 25 percent had KRAS mutations, 23 
percent had EGFR mutations, and 6 percent had ALK 
rearrangements.32 

Further data has shown that mutations in EGFR 
are more common in lung cancer of non-smokers 
compared to smokers.33 Studies on the KRAS mutation 
have demonstrated that the mutation occurs at 
approximately the same rate in smokers as well as 
non-smokers with lung cancer, but the mutations are 
different with more transition mutations occurring 
in non-smokers compared to transversion mutations 
occurring is smokers.34 

lung cancer screening in non-smokers
Currently, there are no guidelines to recommend 

lung cancer screening in non-smokers. Symptoms 
of lung cancer are often nonspecific and include 

no symptoms to cough, dyspnea, weight loss, and 
loss of appetite. More specific symptoms do include 
chest pain and hemoptysis but these can be shared 
by many different diseases. Even in the setting of 
multiple symptoms there are still no guidelines to 
recommend screening for lung cancer in non-smokers. 
Current guidelines do recommend lung cancer 
screening in those 55-79 years of age with at least 30 
pack year smoking, who are current smokers or have 
quit smoking in the past 15 years. In this setting, a 
screening low dose chest CT is appropriate. Despite 
there being no guidelines to recommend lung cancer 
screening in non-smokers, those with increased risk 
based on family history or other risk factors should be 
closely monitored for the development of symptoms 

that would warrant further testing 
(Figures 1 and 2).

treatment
Non-smokers with lung cancer do 

not appear to respond better to standard 
treatment or have a better prognosis 
than smokers. Some studies have shown 
improved outcomes while others have 
not.35 Despite this, there have been some 
newly developed targeted treatments 
that have shown promise in lung cancer 
due to specific genetic mutations. One 
such class is the EGFR tyrosine kinase 
inhibitors which include erlotinib, 
gefitinib, afatinib, and osimertinib. 

Studies involving these medications have suggested 
improved response rates and survival in non-smokers 
over smokers. The improved response rates are felt 
to be driven by the fact that this mutation is seen 
more commonly in non-smokers than smokers 
and that regardless of smoking status patients with 
these mutations have improved outcomes with these 
medications.36

summary
Non-smokers are those who have smoked less than 

100-lifetime cigarettes. Lung cancer in non-smokers 
is almost exclusively non-small cell lung cancer, with 
adenocarcinoma being the most common type. Non-
smoking women are more likely to get lung cancer 
than non-smoking men. Regardless of smoking status, 
women with lung cancer tend to outlive men with 
lung cancer. It has classically been taught that lung 

Figure 1. Atypical radiographic appearance of 
adenocarcinoma of the lung on CT imaging.

Figure 2. Atypical radiographic appearance of 
adenocarcinoma of the lung on PeT imaging.
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cancer in non-smokers occurs at a younger age, but 
current data does not seem to suggest this. There 
are several risk factors for the development of lung 
cancer in non-smokers and some of these include; 
age, secondhand smoke, cooking fumes, radon, 
environmental exposures, genetic factors, underlying 
lung disease, oncogenic viruses, and estrogens. There 
are many different genetic mutations seen in non-
small cell lung cancer. Some of the most frequently 
occurring in non-smokers include EGFR mutations, 
KRAS mutations, and ALK rearrangements. With the 
discovery of specific genetic mutations, there has been 
the development of particular treatment targets to these 
mutations which have shown promise in the treatment 
of lung cancer.
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