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ABSTRACT

Screening for lung cancer with low radiation dose CT has been shown to be effective in reducing lung cancer mortality
by two major randomised controlled trials. Lung cancer screening is set to become the largest targeted cancer screening
programme globally, but the effectiveness of the programme is dependent on many different factors. This article
describes the key evidence for lung cancer screening, the key factors important for optimisation and the progress

towards implementation.

Lung cancer is responsible for more deaths than breast and
bowel cancer combined. In the UK, the 5year survival for
lung cancer is only 16% compared with 58% for colorectal
and 90% for breast cancer.' The median survival of people
with lung cancer is around 6 months in marked contrast
with colorectal cancer where it is not reached at 10 years.
Lung cancer is an aggressive cancer and two-thirds of peo-
ple present with advanced disease, when treatment has only
a limited effect on longer term survival. If found at an early
stage, lung cancer has a much better prognosis, with 5year
survival of 80-90%.% Screening programmes exist for breast
and bowel cancer in many developed nations, but few have
introduced lung cancer screening. The reason for this has
been, until recently, a lack of evidence for a reduction in
disease-specific mortality. In this review, the key evidence
for efficacy of low radiation dose CT (LDCT) screening
is described and the factors that are important in ensur-
ing that LDCT screening programmes clinically and cost-
effectively are discussed.

EFFICACY OF LUNG CANCER SCREENING

In October 2010, the national lung screening trial (NLST),
was stopped 1 year earlier than planned, by the Trial Moni-
toring Committee as it had achieved the pre-specified
stop criteria of a 20% reduction in lung cancer mortality
rate.” The trial also reported a 6.7% reduction in all-cause
mortality despite being considerably underpowered for this
outcome. It is important to understand the implications
of this study for any future screening programmes, which

go well beyond these headline results. The NLST design
employed three annual LDCT screens vs three annual
chest X-rays, so the screening period when cancer could be
detected was just 2 years. Participants were followed up for
over 4 further years when screening could have no impact
on new lung cancers occurring over that period, in contrast
to a screening programme, where the effect of screening
continues for those who continue to be eligible. Whilst
being adequately powered to detect a lung cancer specific
mortality benefit, the NLST design also allowed estimation
of overdiagnosis. An analysis using data with a further year
of follow-up showed the difference in lung cancer mortality
rate had fallen to 16% and also noted that it was markedly
different for males (8%) and females (27%), with the all-
cause mortality difference unchanged at 6.9%.* As well as
the relatively short screening period, there may also have
been an underestimate of the mortality benefit because of
the inclusion of chest X-ray in the control arm. When the
control arm in NLST was compared with the NLST-eligible
control participants in the Prostate Lung Colorectal and
Ovarian (PLCO) trial after 6 years follow-up, there was a
non-significant 6% reduction in mortality [RR 0.94, (95%
CI 0.81-1.10)] with chest X-ray which may have had some
impact on the observed difference in NLST.” After 13 years
of follow-up the RR was 0.99 for chest X-ray vs no screening.

10 years later, the results of the Dutch-Belgian NELSON
trial confirmed the reduction in lung cancer mortality
rate. This time the LDCT screening was for a duration of



https://doi.org/10.1259/bjr.20200636
mailto:david.baldwin@nuh.nhs.uk

BJR

5.5 years over four rounds, baseline and 1, 3 and 5.5 years from
baseline and compared with no screening. A greater lung cancer
specific mortality reduction was reported in NELSON of 24%
in males, 33% in females.® The latter was not statistically signifi-
cant but was at 7, 8 and 9 years of follow-up when the differences
were 54%, 59% and 41% respectively. The NELSON trial was less
than one-third the size of NLST (53,452 randomised in NLST,
15,789 NELSON) and again was not powered to detect an all-
cause mortality difference (in fact there were 860 male deaths in
the control group and 868 in the screened group). The original
aim of the NELSON trial was to screen only males. The study
was later amended to include females, but females made up only
16% of total recruitment. Given that the benefit of screening in
females might exceed that in males, and that age-standardised
all-cause mortality is lower for females, this uneven sex distribu-
tion in NELSON might underestimate the benefit of screening
when applied to the whole population.

Both NELSON and NLST had annual lung cancer detection
rates of below 1%. The greater the detection rate, the greater is
the mortality benefit (true, unless competing causes of death
become dominant). Thus, better selection criteria would result
in higher mortality reductions than seen even in NELSON. This,
added to a continuous programme, will substantially increase
the benefit. The Multicentric Italian Lung Disease (MILD) trial
suggested the importance of continued screening. Despite being
underpowered, a landmark analysis showed that between 5 and
10 years after the start of screening, there was a 39% reduction
in lung cancer mortality, with greater differences after 5 years.”

CONCERNS ABOUT SCREENING

Not everyone agrees that CT screening for lung cancer should
be implemented. Concerns include the cost-effectiveness of the
intervention, the applicability of the evidence from trials in the
general at-risk population and the lack of an all-cause mortality
benefit in NELSON. Cost-effectiveness is addressed later in this
article. The concern about applicability of the evidence is that
the two main trials may have recruited participants that might
have benefitted more from screening than the general popu-
lation at risk. This is almost certainly the case, and a feature of
most screening trials, where participants are often healthier than
the total eligible population. In both NLST and NELSON, this
is reflected by the participants being better educated and more
likely to be ex-smokers. Only two randomised trials have used
a population approach to recruitment, NELSON and the UK
Lung Screen (UKLS) trials.® Both showed that the proportion of
eligible people willing to be recruited was low, 19% for NELSON
and 11% for UKLS. The lower figure for UKLS probably reflects
the requirement for a higher risk of lung cancer for eligibility.

The key is the extent to which this selection bias could influ-
ence the predicted benefit in a fully implemented programme.
The NELSON group have shown that their recruited population,
although different from the general eligible population at risk,
are not that dissimilar, and the difference would be unlikely to
make a significant difference.” In NLST, 42% of recruits were
under the age of 60 and make a major contribution to the overall
health of the study participants. It has been shown that at least
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25% of the participants in NLST had little chance of benefitting
from the 2 year screening duration (baseline and screen at 1 and
2 years from baseline).'” However, it is of concern that as the risk
of lung cancer increases, so do the smoking-related competing
causes of death. The relationship between saving more lives from
lung cancer, because the population has a higher prevalence and
incidence and the excess mortality from competing causes has
not been studied except in modelling research.

Meta-analyses have shown that neither the breast or bowel
screening trials show an all-cause mortality benefit, having
ORs of 0.99 and 1.0 respectively.'"!? This is argued by some as
a reason to discontinue the programmes, and there is ongoing
debate."® All-cause mortality is influenced by the frequency of
the cancer in the population, the cancer-specific mortality rate
reduction, the length of the screening programme, the frequency
of competing causes of death and the additional benefits and
harms from screening. Thus, it is important to understand
that trials can only give an indication of the likely effect of a
programme as trials usually include a follow-up period where
there is no screening. During this time, there is no continued
influence on disease-specific or all-cause mortality. Despite this,
NLST showed a significant reduction in all-cause mortality,
although was underpowered for this outcome.'

Optimising CT screening

The key to implementing a successful programme is how the
components, including those already mentioned (selection
criteria and ongoing screening) are managed.15 In the USA, there
are detailed guidance documents available.'®!” In the UK, most
of these details have recently been addressed in the form of a
national protocol and quality assurance standard.'®! In many
other countries, similar approaches are being taken. To under-
stand why optimisation is so important, the various issues are
discussed below; many are critically dependent on the skills and
commitments of radiologists. Figure 1 summarises the key issues.

Selection criteria

For screening to be effective, there needs to be a target popu-
lation that is at risk of the disease. Current cancer screening
programmes identify the target population on the basis of age
and/or sex. Lung cancer screening is likely to be the first large-
scale cancer screening programme that relies on additional risk
factors to select the population at risk, mostly tobacco consump-
tion. Both NELSON and NLST selected participants on the basis
of age and smoking but other trials and pilot programmes have
selected on the basis of multivariable risk prediction models.**
Currently, a number of these models have been externally vali-
dated and show improved sensitivity and specificity. Concerns
about these models selecting participants that have more
competing causes of death, have been raised and one expert panel
recommended against using them.?! Although the recommenda-
tion was challenged, by showing that competing risks of death are
similar for NLST and participants selected by the Prostate Lung
Colorectal and Ovarian modified 2012 (PLCO,5;,) model,??
when the lowest risk and least likely to benefit are excluded'? it
remains a significant concern. In a programme, participants may
be considerably less healthy, and many recommend screening
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Figure 1. Key issues that are important for optimisation of a CT screening programme.
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until the age of 80, where randomised controlled evidence is
lacking. In the UK, a major national first phase programme is
underway, the Targeted Lung Health Check, where participants
aged 55-75 are selected by either the Liverpool Lung project
version two model®® or the PLCOm,;, the last screen is at age
77, corresponding to the last screen in NLST. Several ongoing
trials will examine how the models work in practice, and newer
models are being developed.

Participation

For screening programmes to have a significant impact on popu-
lation health, there must be adequate numbers of at-risk people
participating both at baseline and on subsequent screening.
So far, participation rates are mostly unknown as screening
programmes are only just beginning to start but in the USA, rates
of participation are low, estimated at 3.3% of the eligible popula-
tion in 2015 but possibly rising to as much as 14% by 2018.2%*
Approximately, two-fifths of people with lung cancer come from
the most disadvantaged socioeconomic sectors of society where
participation in health interventions is poor.”® Much work has

Management of “«

indeterminate
findings

Resources

been done on understanding the issues with engaging with this
sector of society, particularly relevant is work in CT screening
in deprived areas and in smoking cessation services.”” The most
important factors, some of which have been shown to be effec-
tive in other cancer screening programmes and which may be
important in encouraging participation in lung cancer screening,
are show in Table 1.

The lung health check

Lung health checks (LHC), or similar consultations are where
the participant is confirmed to be eligible and informed
consent is taken. There may also be other activities such as
cardiovascular risk assessment and measuring lung function.
Smoking cessation advice and assistance is essential for all
current smokers. The LHC is also an opportunity to consent
for research. The CT can be scheduled the same day or later,
depending on the local set up. Some mobile units have the LHC
room, smoking cessation room and CT scanner all in the same
unit (Figure 2).

Table 1. Strategies associated with improved participation in cancer screening

Strategy

Influence on participation

Pre-invitation letters

These have been shown to increase uptake of schedule appointments?

Direct invitation from primary care doctor

Participants respond well to their GP invitation. In the Lung Screen Uptake trial participation rate was
53% in a very deprived population in London?

Inviting to “Lung Health Check”

Not mentioning cancer screening at the outset may reduce fear and the concept of measuring health may
help participants to see a potential benefit

Scheduled appointments

These increase attendance compared with no fixed date or time.*°

Reminder letters

This has been shown to increase participation in almost all screening programmes and has been
confirmed in several of the UK pilots™!

No smoking cessation at invite

Initial mention of smoking cessation may put current smokers off attending, so the advice is to only offer
this during the face-to-face visit*>*?

Positioning of CT scanner in convenient
location

Distance to travel and inconvenience is one of the main practical barriers to participation.*®
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Figure 2. A mobile lung health check and LDCT scanner used for the Yorkshire Lung Screening Trial. LDCT, low radiation dose CT.

CT scanning and reporting

Low-dose non-contrast CTs are the accepted standard with
well-established scanning protocols. It is central to the success
of any programme to have accurate and appropriate reporting.
Reporting proformas are widely available in countries where
CT screening has started. Radiologists vary in their sensitivity
for detection of lung nodules but this can be improved by the
use of modern computer-aided detection and volumetry soft-
ware. Quality assurance should include initial second reads and
ongoing feedback, as in mammography screening. Scans that
are false negatives for cancer are unusual and training should
include the pitfalls that lead to tumours being overlooked. What
is probably more important, and currently somewhat controver-
sial, is the reporting of incidental findings (see below).

Management of indeterminate findings

Most indeterminate findings are nodules. There are well-
established guidelines that accurately manage them. The British
Thoracic Society Guidelines® are used in the UK and several
European Countries and are due for a limited update, notably
to include further recommendations on new (incident) nodules
and management of subsolid nodules. Other European position
statements have been published.’*® In North America, Lung
RADS is used but even the latest iteration does not use volum-
etry thresholds or volume doubling time, other than giving a
conversion from diameter to volume.*” Even so, nodule manage-
ment is generally done well if guidelines are followed. The very
low benign resection rates achieved by the UK pilots®™* and the
IELCAP group® are a testament to this. Nodule guidance is also
crucial in the avoidance of overdiagnosis and over treatment.

Management of incidental findings

Incidental findings can lead to benefits to patients, e.g. other
early stage tumours, treatable abdominal aneurysm, but more
commonly just lead to unnecessary tests, costs and most impor-
tantly, distress for the patient. They are also subject to the pitfalls
of overdiagnosis. In lung RADS, there is an “S” modifier for such
findings and this can be used for more than 40% of studies.*’
In the UK pilots and some trials, the rate of reported incidental
findings ranged from over 40% down to under 4%, where a strict
protocol was applied (M Callister and S Janes, personal commu-
nication). For this reason, an agreed incidental findings protocol
is important, with an emphasis on only raising incidental find-
ings when they can be addressed according to accepted treatment
pathways. The English National Quality Assurance protocol that
is used in the TLCH programme includes an incidental find-
ings section that attempts to meet these criteria (Supplementary
Material 1) and the target actionable incidental findings rate is
8% or less."

Clinical work-up

Once participants are referred for suspected cancer, there is a
greater potential for harm from higher radiation dose imaging
and minimally invasive and invasive procedures. The process is
also a cause of greater psychological distress. It is thus important
to ensure that protocols are in place to avoid referral unless
the probability of malignancy is high enough to justify. Most
successful pilots and trials show that approximately half of the
participants who are referred for clinical work-up are diag-
nosed with cancer. This concurs with the findings of NELSON
and UKLS, where there were pre-specified management proto-
cols for the management of indeterminate findings by interval
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imaging.**! In the UK pilots, where, British Thoracic Society
nodule guidelines were employed, although the cancer detection
rate was higher, the same proportion of referrals were confirmed
cancer.’™® Harms in clinical work-up need to be minimised,
especially for participants who do not have cancer. This can be
done by further clarifying the chance of nodules or masses being
malignant by positron emission tomography-CT, and where the
chance is intermediate or high, considering confirming with a
biopsy technique, commonly transthoracic needle biopsy. This
can be a particular challenge for radiologists in very early stage
lung cancer. The latest TNM staging system emphasises the differ-
ence in prognosis even between T1la and T1b, so it is important
to treat as early as possible.” Many of the smaller nodules have
an intermediate probability of cancer, so highly skilled radiol-
ogists can make a pivotal contribution to both early treatment
and avoidance of benign resections. Recent data from the UK
show that benign resection rates can be as low as 2% where this
principle is applied.”®* Improving localisation and sampling
techniques is an important area for research and development,
both improving safety and accuracy of transthoracic needle
biopsy and evaluating emerging techniques such as electromag-
netic navigation. It is important that evidence-based guidelines
are followed for clinical work-up in the same way as for nodule
management.%’43

Treatment

Between 70 and 85% of lung cancers detected by CT screening
are Stage I and II. For larger tumours, treatment should proceed
according to the standard of care but treatment of very early
stage tumours is more of a challenge. It is important, before
discussing treatment with the patients, to consider whether the
tumour is likely to cause harm. This is best evaluated using a
robust nodule management strategy that uses volume doubling
time to establish whether a nodule, even if confirmed cancer, will
limit life expectancy, taking into account age and comorbidities.
Where the preferred strategy is further observation, this should
be discussed with the patient. This will be an essential compo-
nent of CT screening programmes to minimise overdiagnosis.
Once it has been confirmed that a suspected early stage tumour
should be treated, the usual considerations about patient fitness
apply. Although entry criteria for clinical trials have mostly
selected patients suitable for surgery, it can be expected that
programmes may select some that are less fit and more suitable
for radiotherapy. This was suggested by both the UK pilots and
the London-based Lung Screen Uptake Trial where there was
evidence of the inclusion of such participants.?>>!

Surgery on smaller lesions requires that there is accurate
localisation of the lesion which can be achieved by a variety
of methods including marker injection (methylene blue, lipi-
odal) or by inserting a wire or coils. It is not clear which of
these or other procedures are the most effective and safe.**~*3
The majority of comparative trials show them to be equivalent
with possibly more side-effects from wire insertion but a shorter
surgical time.** Most of the comparative trials have been in
the context of localising small subsolid lesions where resection
is often not indicated unless the lesion is part-solid and growing.
Surgery for very early stage is still debated although the smaller
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the lesion, the harder it is to show differences between tech-
niques (wedge resection, segmentectomy and lobectomy).”®*!
The other area for debate is whether ablative techniques might
have similar outcomes to surgery in smaller lesions. We still
await the results of randomised trials on the subject, as it is very
difficult to control for comorbidities and fitness in comparative
cohorts.*

Smoking cessation

Combining smoking cessation with CT screening is one of the
most important elements of a programme. Stopping smoking for
7 years achieves the same lung cancer mortality reduction as that
shown in NLST.>® Smoking quit rates in CT screening trials have
been higher than baseline population quit rates but this will be
heavily influenced by bias in the trial population, where people
with health-seeking behaviour are more likely to participate.®*>
Participants with indeterminate results may have a higher quit
rate than others® and this has led to further research testing
whether detailed information about abnormalities on the CT
such as emphysema and coronary artery calcification can help
incentivise participants to quit.56 Smoking cessation rates, as
expected strongly influence any cost-effectiveness analysis.””

HARMS

Both NLST and NELSON report relatively high rates of inva-
sive procedures and benign resections. Neither of these trials
included a protocol for clinical work-up once participants were
referred from the CT screening trial. In NLST, over three rounds
of screening, the benign resection rate was 24 and 29% of people
who had a surgical procedure to diagnose cancer had at least one
complication. The rate of harm in people without cancer was
much lower.” In Round 1 of NELSON, 27% of invasive proce-
dures showed benign disease.*' Reducing harms in screening is
essential. Many of the ways in which this can be achieved have
been discussed above as optimisation is about maximising the
benefit to harm ratio. Minimising non-invasive, and invasive
investigations and treatment is helped by following evidence-
based guidelines for the management of nodules and for clinical
work-up.** The latter is likely to have contributed to the low rates
of minimally invasive investigations and benign resection rates
seen in the UK pilots.

Overdiagnosis is often cited as a concern in screening
programmes. A recent long-term follow-up of NLST showed the
overdiagnosis rate to be almost negligible,”® except where the
diagnosis was bronchoalveolar cell carcinoma. The latter term
was replaced in the new classification of pulmonary adenocar-
cinoma® but many of these were probably lepidic predomi-
nant adenocarcinoma, which correlate with subsolid lesions on
CT. There is still the potential, in implemented programmes,
to overdiagnose and overtreat lesions that would be unlikely
to cause harm. Careful clinical management, particularly of
subsolid nodules is required taking into account growth rate,
age and comorbidity of the participant.’* Harms can also be
accrued from investigation of incidental findings, hence the
need to follow an agreed evidence-based protocol as indicated
above.
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COST-EFFECTIVENESS

As depicted in Figure 1, cost-effectiveness depends on all of the
elements of the programme discussed above. In analyses, a wide
range of incremental cost-effectiveness ratios have been reported
but to the authors’ knowledge, none include a comprehensive
consideration of the various factors that optimise programmes.
Publications have largely looked at cost-effectiveness in isolation
by using results of randomised trials or have modelled the effect
of varying elements of the intervention such as screening interval
or risk of lung cancer. Common themes are that the cost of the
CT is a major driver, that it is more cost-effective to screen the
higher risk groups and that annual screening, although more
costly overall, is more cost-effective than biennial screening, at
least in higher risk groups.®>*!

PRACTICAL IMPLEMENTATION AND PILOT
PROGRAMMES

Globally, implementation of CT screening programmes is
now underway, but many countries have had programmes in
place for some years — notably Japan, Korea and China. Of the
western countries only the USA and Canada have had national
programmes approved for more than a year. Since the publi-
cation of the NELSON mortality outcomes, many European
countries are developing national implementation plans. In the
UK, a number of pilots have shown promising results in terms
of participation rates of 40 to 50%, good early stage detection
rates, and low rates of harm, especially in those eventually shown
not to have cancer?*®4262 Screening programmes require
robust local and national quality assurance systems underpinned
by agreed protocols and standards, such as those available in
the USA'®'7 and UK.'®!® These cover all aspects of screening
including administration, the screening process and evaluation
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as well as defining the responsibilities of individuals running the
programme. The resultant infrastructure is essential to support
an efficient programme.

CT SCREENING AND COVID-19

Animmediate challenge to implementation of CT screening is the
COVID-19 pandemic. This has already led to the suspension of
all cancer screening programmes. Resuming these programmes
and initiating new ones requires that protocols include specifi-
cations for effective measures of infection control. Without this,
there will be two consequences: firstly, patients and staff may be
harmed through contracting the disease and secondly, participa-
tion rates may fall owing to concern about the risk of infection.

THE FUTURE OF CT SCREENING

CT screening for lung cancer has the potential to be one of the
most effective cancer screening programmes. Although esti-
mates can be made of total number of deaths prevented and the
impact on all-cause mortality,%* there are many unknowns that
are relevant here. These include the proportion of people with
cancer who are eligible for screening, the participation rate,
the selection of people with competing causes of mortality, the
adherence in the screening programme and the disease-specific
mortality reduction achieved. Nevertheless, the fact that lung
cancer screening is the only modality to have shown a reduc-
tion in all-cause mortality in a randomised trial, coupled with
the significant contribution that lung cancer makes to all-cause
mortality (7% of all deaths in the UK), means that lung screening
has the potential to deliver major health gains at a population
level. A major imperative is to ensure that high quality screening
programmes help to realise these potential health gains. This will
require the development of screening centres to deliver, co-ordi-
nate and quality assure screening activity.
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