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ung cancer is a leading cause of morbidity and
mortality with 2.21 million new cases reported
globally in 2020." In the United States alone,
more than 238 000 new cases of lung cancer
and 127 000 deaths will be reported for 2023.* Lung
cancer is the third most common type of cancer in the
United States, after female breast and prostate cancer,
accounting for 12.2% of new cancer diagnoses.”
However, lung cancer is the most common cause of
mortality among cancers, accounting for 20.8% of can-
cer deaths.” Although survival rates of lung cancer are
improving, 356 deaths occur daily in the United States
due to lung cancer, which carries a S-year survival rate
of 22.9% (all stages).’ Tobacco use in the form of ciga-
rette smoking has been widely established as the prima-
ry risk factor in the development of lung cancers with
various sources reporting tobacco use in up to 90% of
new cancer diagnoses.”"’ Other reported risk factors
that contribute to lung cancer include®""*:
® environmental and occupational exposure to haz-
ardous materials
® gender differences
® genetic factors
® geographic location
® other lung diseases
® therapeutic radiation exposure
Lung cancer’s onset creates challenges in early detec-
tion, which is when the cancer is more treatable.*'*'*
Common signs of lung cancer include nonspecific
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presentations such as a chronic cough, difficulty breath-
ing, and wheezing.""*"* The presence of a chronic
cough, casually referred to as smoker’s cough, in indi-
viduals with a history of cigarette use can mask early
symptoms.' At diagnosis, more than half of all lung
cancers are at the distant (metastasized) stage with a
S-year survival rate of 8.2% (see Figure 1).” In 2014,
the cost of treating lung cancer was $21.1 billion and
was projected to increase to $23.8 billion in 2020.

Only colorectal cancer and breast cancer have higher
expenditures than lung cancer." Even with Medicare
coverage, in 2019, lung cancer patients had an average
cost of care burden ranging from $10 866 at initial diag-
nosis to $13 852 at death.”

Lung Cancer Among Smokers and
Nonsmokers ,
Gender differences in smoking status, tobacco use,
and reported lung cancer incidence have been reported
widely in the literature. In 1964, 51.9% of men in the
United States reported current cigarette use, while
approximately 33.9% of women smoked, which is
attributed to past societal norms having less acceptance
for smoking in women (see Figure 2)."" As a result,
incidence of lung cancer in women also lagged behind
men in the mid-1960s as reported in the 1964 Surgeon
General’s report, Smoking and Health." The number
of women who reported smoking cigarettes peaked in
the mid-1970s, after which a steady and slow decline
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Figure 1. Five-year relative survival rates for lung cancer by stage.
Public domain figure from Surveillance, Epidemiology, and End
Results (SEER) program.
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Figure 2. Prevalence (%) of cigarette smoking among adult men and
women. Public domain figure from the Centers for Disease Control
and Prevention. The health consequences of smoking - 50 years of
progress: a report of the surgeon general.

began." During this time, the incidence of lung can-

cer among young women as increased and currently
approaches the incidence of lung cancer among young
men.” Cigarette use among men was already declining
in the mid-1960s and continued to drop more rapidly
than in women between 1965 and 2015." Although
smoking prevalence among women has varied through-
out time, their proportions have consistently remained
below men, and their smoking patterns have historically
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been different from their male counterparts. Compared
with men, women smoked fewer cigarettes per day,
smoked menthol cigarettes, and did not tend to use
other forms of tobacco (eg, chewing tobacco).”
Although tobacco use is identified as the primary
risk factor for developing lung cancers, some lung
cancers occur among individuals who have never
smoked. Aggregated rates of lung cancer in the United
States among never-smokers account for 10-15% of all
lung cancers and has a significantly higher incidence
in women than in men.*"** In women, 15-20% of
reported lung cancers in the United States occur in
never-smokers, while in men, that percentage drops
to 7-10%."”*** Internationally, 25% of lung cancer
diagnoses occur in never-smokers, with $3% of women
who have never smoked receiving a lung cancer
diagnosis, compared with 15% of men who have never
smoked."” The incidence of lung cancer in never-
smokers is increasing, especially among women. One
study performed in the United States found that the
incidence of lung cancer among never-smokers rose
from 8% between 1990 and 1995 to 14.9% between
2011 and 2013.” The United Kingdom has also reported
a similar rise in the incidence of lung cancers among
never-smokers in a retrdspective study from 2008-2014
with annual cases of lung cancer rising from 13% to
more than 28%, and 67% of the lung cancer cases among
never-smokers occurring in women.” Studies focusing
on the sex-related disparity of lung cancer incidence
among never-smokers is ongoing. Previous and current
literature has reported possible relationships among
groups of patients, such as histological differences
between smokers versus never-smokers, genetic and
molecular differences between the sexes, environmental
versus occupational exposures, and risks of developing
lung cancer after breast cancer.””*° Never-smokers with
lung cancers have better outcomes at any stage of the
cancer or type of treatment and an improved S-year
survival rate as compared with patients with lung cancer
who have a history of smoking."

Lung Cancer Screening With Low-Dose
Computed Tomography

With the rise in the number and proportion of lung
cancers diagnosed among never-smokers worldwide,
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some research has focused on whether using low-dose
computed tomography (LDCT) as a screening tool for
never-smokers is feasible. For any screening tool to be
successful, it must be effective at accurately identifying
a disease or condition in early stages, easy to adminis-
ter with minimal patient discomfort, and it must have
a high number of true positives with a low number of
false negatives.* Screening tests must also consider
the psychological distress accompanying a positive test
result, regardless of whether future exploration of a
positive test confirms a diagnosis.”

The benefit of LDCT screening among current and
former smokers has been established by the National
Lung Cancer Screening Trial (NLCST), which enrolled
over 50 000 participants (current and former smok-
ers) in 33 different locations between 2002 and 2004
in the United States.** Findings published in 2011
demonstrated that more lung cancers were diagnosed
and fewer deaths occurred in participants that received
LDCT screening as compared with participants who
were screened with chest radiography, reducing the
mortality rate from lung cancer in those screened with
LDCT by 20%.” The NLCST research team continued
to monitor the participants after their 2011 publication
through passive means, adding S years of follow-up for
incidences of lung cancer and 6 years of follow-up for
mortality.” They found that the reduction in mortality
from lung cancer from the original NLCST was main-
tained during the additional follow-up time, thereby
concluding that LDCT screening reduced or prevented
lung cancer mortality or prevented mortality for at least
10 years.™ In 2020, researchers conducting the Dutch-
Belgian Nederlands-Leuvens Longkanker Screening
Onderzoek (NELSON) trial, which performed LDCT
scanning in more than 15 000 randomized current and
former smoker participants at 1-, 3-, and S-year intervals
with a follow-up of 10 years, published results of their
study. They found that with LDCT screening, lung
cancer mortality was reduced by 24% in men and 33%
in women."

In response to the evidence gathered and presented
by the NLCST and other screening trials, in 2013,
the U.S. Preventive Services Task Force (USPSTF)
began recommending annual screening with LDCT
for adults aged 55-80 years with a 30-pack-year
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smoking history that were either current smokers or
quit in the previous 15 years.”* In 2021, this criterion
was expanded to include screening with LDCT for
adults aged 50-80 years with a 20-pack-year smok-
ing history that currently smoke or have quit in the
past 15 years.” In 2015, the Centers for Medicare and
Medicaid Services began to cover the cost of LDCT
screening for high-risk individuals.* Uptake of LDCT
as a screening tool has been slow, with less than 4%
of eligible individuals screened in 2015, increasing
marginally to 6.5% of eligible individuals in 2020.*
Despite evidence for the benefits of LDCT, 8.5% of
adults at high risk for lung cancer due to their smok-
ing status undergo chest radiography instead." Poor
uptake of LDCT screening is estimated to result in
12 000 lung cancer deaths per year.* Reported rea-
sons for the lack of LDCT screenings include lack
of provider education on the effectiveness of LDCT
over chest radiography and screening guidelines,
strained resources in the management of patients with
comorbidities or complex medical needs, complex data
collection and shared decision-making requirements,
and concerns about access and costs."""* Patients
report a fear of results, the perception that screening
will not affect the outcome, mistrust in health care or
the health care system, and barriers to resources."*"*
LDCT screening has an additional risk to con-
sider—exposure of a healthy, asymptomatic individual
to ionizing radiation. Although the benefit of LDCT
screening for individuals at high risk for lung cancer
(smoking history) immensely outweighs the risks
received from the radiation dose, the same risk to
benefit scenario applied to individuals not at high risk
for lung cancer is not as favorable.* According to the
American College of Radiology, nonscreening chest CT
has an approximate effective radiation dose of 6.1 mSv,
which is equivalent to 2 years of comparable time of
background radiation exposure.” A chest CT for lung
cancer screening has approximately a 1.5 mSv dose
(which varies in clinical practice), and 25% of the radia-
tion dose of nonscreening chest CT; it is comparable to
approximately 6 months of natural background radia-
tion exposure.**"" Considering the recommendation to
screen annually through LDCT and the potential for
additional radiation doses from further investigation
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of any identified nodules of concern, the cumulative
effects of radiation dose from screening and investiga-
tion are of concern, especially when patients begin
screenings at an earlier age or when a clear benefit has
not been established.* Using radiation models and

a dose of 8.5 mSv (estimated from the NLCST)), it is
predicted that 1 cancer death per 2500 individuals
screened might occur, however, any carcinogenesis due
to radiation exposure likely would not manifest for at
least another decade.*

Current Research on Effectiveness of
LDCT as a Screening Tool Among Never-
Smokers

Recent studies in some Asian countries have pro-
duced mixed results on the effectiveness of LDCT
screening among never-smokers (see Table).?"**
Although the American College of Radiology recom-
mends continual annual LDCT screening in individuals

with negative results, this might not be applicable to
low-risk individuals such as female never-smokers.

A retrospective cohort in Korea followed 4365 female
never-smokers through the Korea Central Cancer
Registry who had an initial LDCT screening between
2002 and 2007, with follow ups until the end of 2013.
They found lung cancer in 0.5% of these individuals
after a median follow-up of 9.69 years, most commonly
Lung-RADS category 4. Researchers inferred that
LDCT screening for never-smokers might not be use-
ful but recognized that there is a gradual increase in
risk of lung cancer among never-smokers as individuals
age.” Consistent with previous documentation that
lung cancers more often are discovered on initial scans
than in annual follow-up, researchers concluded that
performing routine LDCT lung cancer screenings every
S years or longer would be reasonable among female
never-smokers after initial negative findings, similar to
recommendations of colon cancer screenings.”

Recommendation

Table

Summary of Selected Studies

Authors Study type Summary
Kim et al*? Retrospective

Kakinuma et al*® Observational

Gaoet al* Population-based
ecological cohort

study

LDCT performed between 2002-2007 with
follow up until 2013.

0.5% of female never-smokers diagnosed
with lung cancer after initial LDCT in a
median follow up of 9.69 years.

Participants with variable smoking status.
2-day cancer screening including LDCT.
Lung cancer identified in 133 participants,
with 66 cases in never-smokers (50 women,
15 men).

Study performed between 2004-2018
Researchers assumed no overdiagnosis
before 2004, late-stage lung cancer is not
overdiagnosed, and lung cancer occurrence
is stable.

No. of diagnosed early-stage lung cancers
increased from 2.3 to 14.4 while no increase
in late-stage detection.

Researchers conclude that the increase in
early-stage lung cancers is indicative of
diagnosis.

Reasonable to perform screening LDCT
every 5 years or more.

Never-smokers should be included in
screening populations.

LDCT only for populations with history of
heavy smoking.

Abbreviation: LDCT, low-dose computed tomography.
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Another observational study conducted in Japan
recruited 12 114 participants (6090 smokers and 6021
nonsmokers), aged 40 years or older with variable
smoking status to undergo a 2-day cancer screening
that included a LDCT lung cancer screening.* For
the duration of this study, lung cancer was identified
in 133 patients, with 66 of the cancers occurring in
never-smokers.” Among the never-smokers, a dispro-
portionate number of cancers occurred in women, with
50 cancers in women versus 16 in men." In further
investigation of the SO cancers in female never-smokers,
17 reported a history of daily exposure to second-hand
smoke for 30 years and 16 indicated exposures to
second-hand smoke several times a month, while the
rest reported little exposure to second-hand smoke.*
Detection rates of lung cancer in never-smokers was
calculated to be at 1.1%, which is the same detection
rate that was identified in the smoking population.*
Researchers concluded that due to the consistent detec-
tion rates of lung cancers on LDCT lung screening
among never-smokers and smokers, never-smokers
should be included in the population screened for lung
cancers in Japan.*”

A population-based, ecological cohort study in
Taiwan, whose female population consists of 95% nev-
er-smokers, examined the effects of the introduction
of LDCT lung screening in 2004 on approximately
12 million women.* As part of this study, research-
ers assumed that no overdiagnosis of lung cancer
occurred before 2004, late-stage lung cancer is not
overdiagnosed, and that lung cancer occurrence is
stable. This study determined that from 2004 to 2018,
the number of early-stage lung cancers identified
increased from 2.3 per 100 000 population (pre-2004
level) to 14.4 per 100 000 population while late-stage
cancer diagnosis remained consistent with pre-2004
levels.* Researchers applied these data to the assump-
tions and determined that this increase in early-stage
detection is indicative of overdiagnosis of lung cancer
among women, especially because of the lack of an
expected decrease in identification of late-stage lung
cancers. An alternative explanation of increased lung
cancer diagnosis due to environmental toxin exposure
was rejected by the researchers because of signifi-
cant reductions in environmental toxins in Taiwan
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between 1990 and 2017." Researchers also noted an
increase in total thoracotomies after 2006, which they
contend is a downstream effect of the increased num-
ber of overdiagnosed lung cancers.” The researchers
concluded that LDCT lung cancer screenings should
be performed for individuals with a history of heavy
smoking and include patient education during the
decision-making component.*

Conclusion

Lung cancer among never-smokers is on the rise,
especially among women. Although many possible
etiologies have been suggested, none alone can con-
clusively explain the reason behind this rise. With
significant numbers of never-smokers at risk for lung
cancer, identifying a viable and low-risk screening tool
is crucial to detecting lung cancer at the earlier stages.
Most published studies of LDCT effectiveness have
concentrated on and established a benefit of mortality
reduction among smokers, but the same has not been
definitively determined for the never-smoker popula-
tion.” Exploration of LDCT as a screening tool for
never-smokers has yet to establish a benefit of mortal-
ity reduction and has mixed results in the literature.
Concerns of the psychological impact of screening,
radiation dose and carcinogenesis, and follow-up test-
ing with rare complications must be considered by
researchers as they continue to pursue LDCT as an
effective screening tool in female never-smokers.

Katrina Steinsultz, MPH, R.T.(R)(M), is clinical
assistant professor for the University of North Carolina at
Chapel Hill.
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