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The mortality from lung cancer exceeds that from breast,
colorectal and pancreatic cancer combined. This is because
three-quarters of patients present with late-stage disease
when treatment is palliative and survival is short. If detected
early, lung cancer can be cured, so screening would seem to
be an important intervention. Until the publication of the
National Lung Screening Trial (NLST),1 there was no evi-
dence to support the implementation of screening with low-
dose CT (LDCT). This publication has sparked a different
approach to the subject from asking whether it works to
what we still need to know to implement with the least harm
and cost. These remaining issues will be reviewed.

DOES LUNG CANCER MERIT A
SCREENING PROGRAMME?
Criteria for effective screening programmes have been
defined in the USA and UK.2,3 The UK Screening Com-
mittee has 23 criteria for an effective national screening
programme.3 The first is that the disease should be an
important health problem—the annual mortality from
lung cancer is 35,000 in the UK and almost 160,000 in the
USA, more than that for breast, colorectal and pancreatic
cancer combined.4,5 Other criteria sensibly include that the
problem exists despite the delivery of optimal prevention,
treatment and the consideration of new treatments.
Smoking cessation interventions have had a major impact
on mortality from lung cancer,6 but despite continued
efforts, the rate of reduction of smoking is slowing and
there remain many ex-smokers at risk. Three-quarters of
patients present with late-stage disease and the treatment at
this stage has had little impact on mortality despite sig-
nificant advances in targeted therapy. There is some evi-
dence that radical treatment rates are increasing, but at
only a modest rate and mainly in the older age group.7

Other important criteria are that there should be well-
defined risk factors for the disease and a validated, sensitive
and acceptable screening test that can be applied effectively
to reduce mortality. Until recently, the latter criterion had
not been met. Thus, lung cancer is a health problem that
clearly meets these disease-specific criteria.

THE EVIDENCE FOR LUNG
CANCER SCREENING
Many of the early trials of screening with chest radio-
graphs, sputum cytology and later CTwere not designed to
minimize the now well-established biases operating in
screening trials that result in longer survival but no re-
duction in mortality.8 Overdiagnosis is a bias that results
from cancers being diagnosed that would never limit life
expectancy, but once diagnosed by screening improves the
overall results of the screening arm in a trial against no
screening or a less sensitive screening method. Lead time
bias is where, as a result of screening, cancer is diagnosed
earlier, and this results in a longer measured survival, even
though there is no effect on the eventual date of death. Lag-
time bias is the tendency of more indolent tumours to be
detected by screening because of their long pre-symptomatic
phase, whilst the very aggressive ones tend to present be-
tween the screens, so present equally in the screened and
control arms. What was needed was a well-designed, ade-
quately powered randomized trial.

The US-based NLST1 randomized 53,454 people aged between
55 and 74 years, who had smoked within 15 years and accu-
mulated a minimum of 30 pack years, to 3 annual screens with
either LDCT or chest radiography. The trial recruited between
2002 and 2004, and in October 2010 it was stopped 1 year
earlier than planned as the pre-specified lung cancer mortality
reduction of 20% had been reached in the LDCTarm. The trial
also showed a reduction in all-cause mortality of 6.7%. The
number needed to screen (NNS) to prevent 1 lung cancer death
was 320 for those who completed at least 1 screen. In the breast
mammography trials, for females aged 50–59 years, the NNS
was 1139 after 11–20 years follow-up; the NNS for flexible
sigmoidoscopy was 817 to prevent 1 colon cancer death.9,10

Other much smaller trials of moderate or low quality have
reported on early mortality but none has the statistical power to
show a difference, and when combined with the results of NLST
in a meta-analysis, there was still a 19% reduction in lung
cancer-specific mortality.11,12 Thus, the criteria for a validated
and sensitive screening test had finally been met.
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During 2011 and 2012, several US professional organizations
made recommendations for implementation of screening in
people who would have met the NLST entry criteria, with some
extensions. Finally, the US Preventive Services Task Force
(USPST), following a commissioned independent analysis of the
evidence, recommended that lung cancer screening should be
offered according to NLSTentry criteria but with an extension of
the upper age limit to 80 years.11 More recently, the Centers for
Medicare and Medicaid national coverage determination panel
were not convinced that the benefits of CT screening outweighed
the harms and rated the intervention at 2.2 out of 5.0. This was
thought especially true in the older age group where there is
a higher false-positive rate. However, Pinsky et al13 have shown
that people aged 65–75 years benefit as much as those aged under
65 years as their higher prevalence of lung cancer offsets the
harms from the greater number of false positives.

Outside the USA, there have been international consensus state-
ments that have made recommendations for further research and
analysis of the existing randomized trials in Europe.14,15 The
Dutch–Belgium NELSON trial16 is due to report on mortality in
2015–16, and results of all of the European trials may be pooled
around the same time. These data will answer important questions

about how better nodule management and more sophisticated
radiology influences the efficacy of screening. There is considerable
debate about whether the results of NELSON should be awaited
before screening programmes are implemented.

THE REMAINING ISSUES AND POTENTIAL
BARRIERS TO IMPLEMENTATION
So what are the remaining questions and potential barriers to
implementation of LDCT screening in the UK? The answer relates
to important remaining questions about selection, recruitment, the
level of harm, optimal clinical pathways and cost effectiveness, all of
which are criteria set by the UK National Screening Committee
(Table 1). The recommendations made by the USPST may have
gone too far, not by extending screening to the older age group, but
by including younger people without a more sophisticated estimate
of the risk of lung cancer. More recent publications have suggested
that by better selection using a risk prediction model, there might
have been more lives saved with reduction in the NNS to 270.17 If
screening were to have been restricted to the subjects with
a.1.25% risk of lung cancer death over 5 years, this falls further to
166.18 Better selection methods are available and validated, and their
use may go some way to placate the recently expressed reser-
vations about CT screening from Medicare and Medicaid.

Table 1. Barriers to lung cancer screening implementation and proposed solutions

Key problem What is the barrier to implementation? What is the solution?

1. NNS
• Higher false-positive rates and decreased cost
effectiveness if the inclusion criteria are too broad

• Use of risk prediction models rather than just age
and smoking cut-offs to better guide who should be
screened (UKLS)

2. Radiation exposure

• Estimates suggest 1 radiation-induced lung cancer for
every 22 lung cancer deaths prevented
• Positron emission tomography-CT in the
investigation of false-positive lesions increases
radiation dose

• Low-dose CT reduces radiation dose to around
one-fifth of conventional CT
• Clear selection criteria for screening and robust
nodule management guidelines will reduce false
positives

3. False-positive scans
• In NLST, there were around 25 benign lesions for
every cancer detected, with psychological and possible
physical harm from further investigations

• Volumetric nodule assessment employed by
NELSON and UKLS to better assess nodules and
reduce false positives
• Risk assessment models to guide who should be
screened

4. Overdiagnosis
• Estimates suggest 10–20% overdiagnosis with
screening again with associated physical and
psychological harm

• Clear nodule guidelines, with a cautious approach to
subsolid nodules (more likely to represent more
indolent tumours)

5. Smoking cessation
• Concern regarding false reassurance with screening
leading to continued/new uptake of smoking

• Combination of screening with smoking cessation
programmes
• Somewhat reassuring smoking cessation results from
NLST (but substantially higher smoking cessation in
both arms than in background rates)

6. Cost effectiveness • Some models based on NLST are too expensive

• Careful and clear guidance regarding management of
positive/indeterminate CT results
• Risk profiling of the screened population to reduce
the NNS
• Multiple health interventions including smoking
cessation

7. Hard-to-access groups

•Work suggests that those at highest risk of developing
lung cancer are least likely to participate in/complete
screening programmes, with consequent cost
effectiveness implications

• Research is ongoing to determine how best to engage
and retain these high-risk and hard-to-access groups

NLST, National Lung Screening Trial; NNS, number needed to screen; UKLS, United Kingdom Lung Screen.
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One key remaining issue is recruitment of people into screening
programmes. Lung cancer is much more common in less eco-
nomically advantaged groups, who also represent a hard-to-
access group. NLST recruited patients who were better educated
and more affluent than the US census average1 and United
Kingdom Lung Screen (UKLS) noted that the lower socio-
economic groups were less likely to participate despite being at
higher overall risk.19 The answer to this issue is not known; it is
a topic of ongoing research projects and will be an important
factor to monitor during implementation.

Physical harm may result from radiation and further in-
vestigation of abnormal findings, and psychological harm may
result from the resulting anxiety. LDCT reduces the radiation

dose to approximately one-fifth of a typical thoracic CT, and this
equates to less than half a person’s annual background radiation
dose. Based on modelling, the USPST estimated that annual CT
screening for lung cancer would cause 1 radiation-induced lung
cancer death for every 22 prevented lung cancer deaths.11 Fur-
ther improvements in technology may improve this figure.

CT detects many benign nodules and masses (about 25 for every
cancer detected). In the NLST, 59/26,722 (0.2%) of participants
underwent a CT-guided lung biopsy for a benign lesion and 7
(0.03%) had a major complication.1 Clinical management path-
ways were not pre-specified in NLST, and they found that, where
data were available, 2.2% of participants underwent positron
emission tomography thus receiving a much higher radiation

Figure 1. United Kingdom Lung Screen nodule care pathwaymanagement protocol. diam, diameter; dmax, maximum diameter; dmean,

mean diameter; dmin, minimum diameter; max, maximum; MDCT, multidetector CT; MDT, multidisciplinary team; VDT, volume

doubling time.
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dose. The Dutch–Belgian NELSON trial and the UKLS pilot trial
both employ LDCT follow-up by using volume measurements
rather than diameter to detect growth.16,20 This reduces the
number of false-positive screens and defines more accurately the
need for invasive procedures. Optimal screening follow-up path-
ways are becoming clear and will limit false-positive tests and the
harm from further investigation. The nodule management algo-
rithm for UKLS is shown in Figure 1.

People who are overdiagnosed do not benefit from early diagnosis
but are subject to the same harm as others from investigations,
treatment and the psychological impact of being told they have
cancer. They may, however, benefit from health interventions that
are provided with screening such as smoking cessation advice.
Estimates based on the excess observed in NLST and in lead time
estimation from a variety of sources suggest that 10–20% of
screen-detected cancers are overdiagnosed (a maximum 18.5% in
NLST).21,22 Thus, the number of cases overdiagnosed is similar to
the number of lives saved; this is similar to estimates for breast
cancer screening, where recent reviews suggest between 0.5 and
3.0 overdiagnosed cases per life saved.23,24 However, overdiagnosis
is far more likely where the final diagnosis was bronchoalveolar
cell carcinoma (now lepidic predominant pattern adenocarci-
noma). Thus, a cautious approach to subsolid nodules found
during screening may limit the harm from overdiagnosis.

Psychological harm has been shown to be minimal in screening
trials with a transient increase in anxiety and distress in subjects
with positive or indeterminate findings, returning to baseline
after the second screen.25 Distress and fear of cancer decreased
in subjects with negative results compared with those at baseline.
Whether people might be falsely reassured and continue or even
start smoking is not known; smoking cessation rates were 14.5%
in the LDCTarm compared with 19.1% in the control arm; both
of these were higher than the 6–7% background rate.26

The cost effectiveness of a programme will be strongly influ-
enced by the frequency of screening, duration of screening
programme, risk profile of the screened population, uptake of
screening in hard-to-reach groups and smoking cessation. The
range of reported incremental cost effectiveness ratios (ICERs)
remains considerable. A US simulation of the annual screening
of ever-smokers using national epidemiological and Mayo Clinic
CT trial data estimated the ICERs to be $110,000–$160,000 per

quality-adjusted life year (QALY) gained. A US stage-shift model
using the Early Lung Cancer Action Program (ELCAP) protocols
and outcomes data, Medicare tariffs and national survival rates
by stage-produced ICER estimates ,$19,000.27 The model was
re-estimated for annual screening and yielded baseline estimates
of $28,000 or $47,000 depending on whether the model’s cancer
stage predictions derived from the ELCAP- or the NLST-
reported stage shift;28 costs fell further with smoking cessation
to $16,000 or $23,000, respectively. The lowest ICER estimated is
around $1464 per QALY gained, reported for Israel.29

A POTENTIAL WAY FORWARD
Since the publication of NLST, there has been much in-
ternational discussion about the issues outlined here and rec-
ommendations made for further work to be performed to
support implementation.14,15 The USA has gone the furthest in
recommending national implementation of screening, and work
is ongoing to answer important remaining questions. The so-
lution will vary according to the individual country’s healthcare
system and may increase the work of radiologists and radiog-
raphers. The efficient use of nodule management algorithms and
trained non-radiologist readers in combination with computer-
aided detection software may mitigate this.12 Private healthcare
providers are offering CT screening in many countries and the
concern is that this is not regulated. The importance of adher-
ence to standards that serve to minimize harm and maximize
benefit has been emphasized.30 The Committee on Medical
Aspects of Radiation Exposure will publish a report in 2014
further emphasizing the need for an expert approach in the in-
dependent sector.31 However, the most important concern with
private provision of screening is that it does nothing for the
majority of those at risk, as lung cancer is more common in the
less advantaged. Those of us who care for patients with lung
cancer want screening to be introduced as soon as possible for all
those at risk, but it has to be on the basis that it is cost effective
because of the high total cost. To ensure effective implementation,
it may be best to start with a programme that targets those most
at risk and employs pathways that minimize risk of harm, in-
cluding those due to overdiagnosis, and then expand as the es-
sential unanswered issues are clarified. A biennial or annual screen
from the age of 60 years in those with a risk of lung cancer in
excess of 1% per annum, with clear protocols for the management
of abnormal findings would fit, with ongoing research into the
best methods for selection and recruitment.12
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