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Lung cancer is the main cause of cancer
death in the developed world. It is also
the second most incident cancer in males
and the third in females. Tobacco is its
main risk factor, with 90% of all LC
deaths attributable to tobacco consump-
tion. It has a 13% 5-year survival,1 and
more than 60% of all LCs are diagnosed
in advanced stages. To reduce the burden
of disease, it would be very important to
have a screening test that is able to: (1)
detect LC at an early stage to modify its
prognosis, (2) present a low percentage of
false-positives, to avoid unnecessary
harms, (3) minimise adverse effects for
the patient (ie, cancer-induced radiation)
and (4) be cost-effective for the health
system.

Screening effectiveness is being assessed
in randomised trials. There are seven
ongoing trials comparing low-dose CT
(LDCT) with usual care.2 The only trial
which has published final incidence and
mortality results is the National Lung
Screening Trial (NLST), which compared
LDCT versus chest X-ray (CXR).3 The
NLST has the highest sample size to date
and there are no forthcoming trials with
higher sample sizes. It included indivi-
duals aged between 55–74 years who had
smoked at least 30 pack-years, and ex-
smokers with less than 15 years since quit-
ting. It found a 20% relative risk reduc-
tion in LC mortality and a 6.7%
reduction in all-cause mortality. For each
1000 participants in the trial, LDCT
avoids 5 deaths of which 3 are due to LC.
The NLST was a well-designed study
including more than 53 000 participants

with three screening rounds and an extra
follow-up of 5 years after the screening
stopped.
These results have encouraged many

scientific societies to recommend LC
screening for individuals fulfilling the
NLST selection criteria. Despite these
apparently promising results, implement-
ing a screening programme is very compli-
cated and harms are always present.
Health managers should leverage the
expected benefits with expected harms,
which in the case of LC screening with
LDCT might overcome the benefits. Some
of these harms are summarised below.

SCREENING-RELATED HARMS
LC screening with LDCT can lead to a
very high number of false-positives.
Although LDCT is non-invasive, false posi-
tives entail psychosocial distress, unnecessary
radiation exposure due to further imaging,
and they can lead to unnecessary invasive
diagnostic work-up. For example, using data
from the NLST, we can estimate that for
each 1000 people having three rounds of
screening, 242 would have experienced a
false-positive4 and four would have had a
surgery for something later shown to be
benign.3

Overdiagnosis is the detection of
cancers that would not progress to symp-
toms or death, and would not be discov-
ered if it were not for screening.
Overdiagnosed cancers cannot be distin-
guished from life-threatening LC on path-
ology. They can only be measured
indirectly in randomised trials as the
excess number of cancers in the screened
arm after accounting for lead time.
Overdiagnosed cancers also bias the
screening results when survival is used as
an outcome measure. To add overdiag-
nosed cancers in the screening process—
which by definition are not lethal—will
pull survival upwards. Overdiagnosis also
increases the screening costs. In the NLST,
there was an excess of 119 cancers in the
CT group that could not be explained by
lead time. This means that 119 of the 649
screen-detected cancers (18%) could be
overdiagnosed.5 In other words, per 1000

participants in the trial, there were four
people with overdiagnosed LC. This
figure is probably higher since the control
group received CXR and the Mayo Lung
Project reported an overdiagnosis with
CXR versus standard practice.6

LDCT increases the risk of a
radiation-induced LC. The average dose
estimated for the NLST was 1.5 mSv per
scan, and a positive result is usually fol-
lowed by a full CT (8 mSv).3 During a LC
screening programme where current or
ex-smokers would be screened from 55 to
74 years of age, modelling studies have
suggested that an average individual might
receive an accumulated dose of 280 mSv,
considering the addition of the standard
screening procedures plus those due to
false-positives. This radiation dose is
much higher than that estimated for
atomic bomb survivors or nuclear plant
workers.7 There is a direct relationship
between radiation dose and LC risk and it
is plausible that there is a potential syner-
gism between radiation and tobacco and a
higher cancer risk due to breast and bone
marrow exposure to radiation.

WHEN SCREENING IS NOT EFFECTIVE
LC screening with LDCT is not always
effective. This situation comprises false
negatives and individuals with interval
cancers. The NLST had a 6.3% false–
negative rate. Sixty-six per cent of LCs
detected after a negative screening had
IIIB and IV stages, suggesting an
extremely quick growth.

Perhaps the most striking issue related
to LC screening with LDCT is the low
downstaging observed in the incidence
rounds regarding the prevalence round.
The percentage of LCs at stages IIIA, IIIB
and IV was 37.8% at the prevalence
round, compared with 30.4% in the third
round. These figures were, for stages IA
and IB, 54.6% and 63.9%, respectively,
for the prevalence and third rounds.
These results strongly suggest that
approximately 30% of screen detected
LCs would not benefit from screening
since surgical resection is not possible or
is of doubtful usefulness. One of the most
important objectives of a screening pro-
gramme, if not the most, is to achieve a
modification of the clinical outcome of
the disease in the sense that the interven-
tion (surgery plus other treatments) is
more effective for early detected cancers.

OTHER ISSUES
Many scientific societies have recom-
mended LC screening with LDCT, even
broadening the inclusion criteria used by
the NLST to individuals where LDCT has
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not demonstrated its effectiveness. This is
the case of the American Association of
Thoracic Surgeons.8 The US Preventive
Services Task Force has recommended LC
screening with CT, but only if screening is
accompanied by an intervention against
tobacco consumption.9 This last aspect is
of paramount importance and is currently
neglected in the available recommenda-
tions. LC screening should be used (if per-
formed) to reduce tobacco burden in
current smokers. Some studies have
observed no effect of screening on
smoking rates.10 11

The external validity of the NLST has
been criticised. Although it has a robust
design to assess the effectiveness of LC
screening, there are some issues that would
affect its external validity. The screening
adherence was very high, perhaps related
to the fact that, on average, the partici-
pants had a higher education than the
general population pointing to a possible
selection bias. The participating centres
had extensive skills in CT imaging inter-
pretation and also had a very low surgical
mortality following LC resection. Finally,
only 26.6% of all participants were 65 or
older. These characteristics mean that the
NLSTwas performed under different con-
ditions than those observed in real clinical
settings, where worse screening results
would be expected.

From the NLST, we can estimate that
for every 1000 people screened,
LDCT-screening reduces 5 deaths (3 from
LC), leads to 4 cases of overdiagnosis,
242 people experience a false-positive and
an undefined number of individuals will
develop radiation-induced cancers. Costs
are an important problem, given the need
to have dedicated CT facilities and full-
time trained personnel, with the
extremely high rate of false-positives and

overdiagnosis.12 So what should we do
with LC screening with LDCT? First, we
should wait for the final mortality and
incidence results in the European trials,
which are expected in 2015.2 Multiple
trials with clinical and statistical hetero-
geneity will provide information of how
reproducible the NLST results are. Also,
the European trials—all of which used
usual care as the control group—are the
only ones that can provide reliable esti-
mates of the most important harm of
screening: overdiagnosis. While we wait,
resources can be directed towards ensur-
ing that all smokers wishing to quit have
access to effective smoking cessation
therapy and studying how healthcare ser-
vices can reach the same standards of care
that were provided in the screening trials.
Health managers should consider if they
have to allocate resources to LDCT LC
screening or reimburse pharmacological
therapies for smoking cessation, with this
second option probably being the most
cost-effective one.
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