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Scientific summary
Background
Approximately 46,400 cases of lung cancer were diagnosed in the UK in 2014, representing 13% of the
total number of cancer cases. Diagnosis of lung cancer frequently occurs in its later stages. Low-dose
computed tomography (LDCT) could detect lung cancer in its early stages, but its clinical effectiveness and
cost-effectiveness in a UK national screening setting are uncertain.

Objectives
This assessment aims to evaluate the clinical effectiveness and cost-effectiveness of using LDCT in
screening programmes for lung cancers in high-risk populations.

Methods
Clinical effectiveness
For the systematic review, a range of bibliographic databases including MEDLINE (via Ovid), MEDLINE
In-Process & Other Non-Indexed Citations (via Ovid), EMBASE (via Ovid), PsycINFO (via Ovid), Web of Science
(via Clarivate Analytics), CDSR (Cochrane Database of Systematic Reviews), CENTRAL (Cochrane Central
Register of Controlled Trials) and CINAHL (Cumulative Index to Nursing and Allied Health Literature) were
searched from January 2004 to January 2017. Both published and unpublished literature were identified
from systematic searches of electronic sources, consultation with experts in the field and reference checking
of relevant systematic reviews.
We included randomised controlled trials (RCTs) involving populations at high risk of lung cancer. Any
definitions of high-risk populations were eligible. LDCT screening programmes included both single and
multiple rounds. The eligible comparators were no screening or other imaging technology screening
programmes [such as chest X-ray (CXR)]. The key outcomes included lung cancer mortality, all-cause
mortality, numbers of lung cancers and their stages, health-related quality of life (HRQoL) and smoking
behaviour.
Two researchers independently screened the titles and abstracts of all reports identified by the search
strategy and full-text papers were subsequently obtained for assessment. Data extraction and quality
assessment were undertaken by one researcher and checked by a second. The risk of bias of included
studies was assessed using the Cochrane Risk of Bias tool.
Data were tabulated and primarily considered in a narrative review. When appropriate, DerSimonian and
Laird random-effects meta-analyses were performed to pool the estimates of effect. A random-effects
approach was prespecified as part of the protocol development process; a fixed approach was not
favoured as it was thought highly unlikely that only random variation would account for differences
between the results of included studies. Statistical heterogeneity was assessed using the I2-statistic.
We considered the following factors for the exploration of heterogeneity: quality of trials, nature of
interventions (e.g. frequency of LDCT screening) and nature of control groups (e.g. best available care
such as CXR screening or usual care).
Network meta-analysis was performed to assess the relative effectiveness of three screening strategies
(LDCT, usual care and CXR). We estimated the relative ranking probability of each intervention and
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obtained the treatment hierarchy of competing interventions using rankogram, surface under the
cumulative ranking curve and mean ranks.

Cost-effectiveness
A systematic review of economic evaluations of LDCT screening for lung cancer was undertaken, including
a narrative synthesis.
A decision-analytic model was built in Microsoft Excel® 2013 (Microsoft Corporation, Redmond, WA, USA)
using a decision tree and discrete event simulation approach. A lifetime time horizon was used, costs
(2016 prices) were included from a NHS and Personal Social Services perspective and discounted at 3.5%
per year. Health effects on targeted individuals were included and discounted at 3.5% per year.
A natural history model for lung cancer was developed including seven substages of lung cancer
development, with progressively worsening survival. The rates of incidence, preclinical progression and
clinical presentation were estimated by calibrating the natural history model to data from a large RCT of
LDCT screening and to English cancer incidence statistics. LDCT screening was assumed to have imperfect
diagnostic performance (i.e. some lung cancers would not be detected) and some individuals without lung
cancer would receive further tests.
A risk prediction component was incorporated, so that each individual’s short-term risk of lung cancer
would be estimated and would be used to decide whether or not the individual was eligible for LDCT
screening.
Twelve combinations of age limits and risk thresholds were considered, as were four frequencies of
screening: (1) single screen (S), (2) triple screen (T), (3) annual screening (A) and (4) biennial screening (B).
Forty-eight screening programmes were evaluated in total and were compared with current practice
(no screening).
Costs were estimated from English cost data sets or from the published literature. Health state utility values
were estimated from the published literature.
The primary outcome for each strategy was the fully incremental cost-effectiveness ratio (ICER), which is
defined for strategies on the cost-effectiveness frontier (strategies that are optimal for some cost-effectiveness
threshold) as the ratio of incremental costs to incremental benefits relative to the next worse strategy.
Benefits were measured in quality-adjusted life-years (QALYs).

Patient and public involvement
We collected views about the possible impact of a lung cancer screening programme in the UK. We
conducted three workshop meetings in which we elicited views from a range of patient and public
members, with a particular focus on smokers/former smokers currently without symptoms of lung cancer
who would be the target group for any UK national lung cancer screening programme.

Results
Clinical effectiveness
Twelve RCTs were included in the systematic review of clinical effectiveness. Six of these contributed to
the key outcomes. Most studies were conducted in European countries but some studies were conducted
in the USA, including by far the largest, National Lung Screening Trial (NLST), with > 50,000 participants.
One trial, the UK Lung Cancer Screening Trial (UKLS), was conducted in the UK. Most RCTs started between
2001 and 2010, so many are just maturing. The majority of included trials were judged to be of moderate
to high quality, but two trials were judged to be of poor quality, including one that contributed mortality
data. There was variation between the LDCT programmes, but typically they involved 3–5 rounds of
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screening over 3–6.5 years. UKLS, a pilot trial, had only one screening round. The nature of high-risk
participants also varied but was usually defined in terms of age and current and past smoking. Of the trials,
NLST stands apart, not just in terms of size, but by comparing LDCT to CXR screening rather than
no screening.
Concerning mortality, only four of the RCTs, including NLST, currently contribute. Meta-analysis of these
showed that LDCT screening was associated with a non-statistically significant decrease in lung cancer
mortality [pooled relative risk (RR) 0.94, 95% confidence interval (CI) 0.74 to 1.19] with up to 9.80 years of
follow-up when compared with controls (usual care/best available care). A moderate level of heterogeneity
was observed (I2 = 43.3%); therefore, the results should be treated with caution.
A range of potential sources for heterogeneity was investigated. When removing the poor-quality trial
[Multicentric Italian Lung Detection (MILD)], sensitivity analysis demonstrated a statistically significant
decrease in lung cancer mortality (pooled RR 0.85, 95% CI 0.74 to 0.98) in favour of LDCT screening with
considerable reduction in heterogeneity (I2 = 6.9%).
For all-cause mortality, the review showed a non-statistically significant increase (pooled RR 1.01, 95% CI
0.87 to 1.16) for LDCT screening. Again, given the substantial heterogeneity (I2 = 57.0%), this pooled
estimate should be treated with caution. In the investigation of heterogeneity, removing the low-quality
trial (MILD) showed a non-statistically significant decrease in all-cause mortality (pooled RR 0.95, 95% CI
0.89 to 1.00) with considerable reduction in heterogeneity (I2 = 0%).
Network meta-analysis (including six RCTs) was performed to assess the relative clinical effectiveness of
LDCT, usual care and CXR screening. The results showed that LDCT was ranked as the best screening
strategy, with a 74.8% probability of being the best intervention in terms of lung cancer mortality
reduction. Usual care (no screening) had a 74.7% probability of being the second best strategy and CXR
screening a 99.7% probability of being the worst strategy. Both consistency and inconsistency models
were fit for lung cancer mortality data. By applying the design-by-treatment model, we did not find any
evidence of inconsistency. The global test for inconsistency gives a p-value of 0.29, indicating no evidence
of inconsistency.
Concerning numbers of lung cancers detected, compared with controls (usual care/best available care),
LDCT screening was associated with a statistically significant increase (pooled RR 1.38, 95% CI 1.02 to
1.86) with at least 5 years’ follow-up. Although there was heterogeneity (I2 = 79.7%), all included studies
individually showed statistically significant increases in the number of cancers detected in the LDCT group.
Our findings further demonstrated a shift due to LDCT screening on the stage distribution towards earlier
stages for detection of lung cancers. LDCT screening was associated with a statistically significant increase
in early-stage (I and II) cancer detection (pooled RR 1.73, 95% CI 1.27 to 2.37) with a corresponding
statistically significant decrease in late-stage (III and IV) cancer. There was a statistically significant reduction
in the absolute risk of late-stage lung cancer, indicating that there is an element of actual stage shift
(pooled RR 0.85, 95% CI 0.73 to 1.00).
Based on the randomised data from four included trials, there were consistently no statistically significant
differences in HRQoL or psychological consequences between the LDCT screening groups and control
groups during the trials.
The data from three included trials (one reported as two subcomponents) showed mixed results with
regard to the effect of a LDCT screening programme on participants’ smoking behaviours. The data within
trial arms sometimes indicated positive associations between smoking cessation and the presence of an
abnormality on LDCT. However, this is inconsistent with the evidence comparing trial arms that did not
show a consistent pattern favouring LDCT’s effect on smoking behaviour.
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Cost-effectiveness
Existing economic evaluations of LDCT screening for lung cancer have produced markedly variable
estimates of the cost-effectiveness of screening. Nineteen studies were identified, with variable quality, and
with ICERs ranging from low thousands of US dollars per QALY to in excess of US$100,000 per QALY.
In the independent economic evaluation (base-case analysis), it was estimated that it would not be
cost-effective to screen for lung cancer by LDCT at a cost-effectiveness threshold of £20,000 per QALY,
whereas it was estimated that a single screen for individuals aged 60–75 years with at least a 3% risk
of lung cancer (S–60–75–3%) would be cost-effective at a cost-effectiveness threshold of £30,000
per QALY (ICER approximately £28,000 per QALY). Three other screening programmes were on the
cost-effectiveness frontier; these all used a 3% risk threshold, two were single screens and one was a
triple screen. The ICERs for these programmes were > £30,000 per QALY and, therefore, would not be
considered cost-effective at commonly used thresholds in the UK. Additionally, annual and biennial
screening programmes were not predicted to be cost-effective at any cost-effectiveness threshold.
Screening was predicted to improve the stage distribution and survival of lung cancer, but also to result in
overdiagnosis (diagnosis of lung cancers that never would have clinically presented).
A single screen was predicted to reduce lung cancer mortality by 4.2%, and triple screening was predicted
to reduce mortality by 4.4%.
A probabilistic sensitivity analysis (PSA) produced similar results to the base-case analysis, although the
ICER for S–60–75–3% was higher (approximately £36,000 per QALY). Results from the PSA are typically
preferred as they capture non-linear associations between inputs and outcomes.
One-way sensitivity analyses showed that the results were sensitive to the natural history of lung cancer,
the cost of lung cancer and the cost of LDCT screening.
Scenario analyses showed that cost-effectiveness was worsened when the natural history model included
heterogeneity in the rate of lung cancer progression, and when the mortality effect from screening was
attenuated or eliminated. Cost-effectiveness was improved if there was no negative impact on HRQoL
from false-positive or indeterminate results.

Patient and public involvement
An explanatory model was constructed detailing the key associations and core dynamics arising from our
patient and public involvement meetings. The model details views around decisions to attend a national
lung cancer screening programme, together with views on the broader cultural and societal influences that
may affect such decisions. The potential impact of wider societal and cultural contexts on decisions to
attend lung cancer screening were discussed. Poor public awareness about potentially effective treatments
for lung cancer and survival benefits resulting from early detection was acknowledged, as was a culture of
stigma and blame associated with smoking.

Conclusions
Low-dose computed tomography screening may be clinically effective in reducing lung cancer mortality but
there is considerable uncertainty. This arises from the imprecision of pooled estimates, the heterogeneity
between the results of the included studies, the fact that the key RCT compares LDCT with CXR screening
and the finding from our network meta-analysis that screening with CXR may be associated with worse
outcomes than no screening.
Beyond mortality, the review confirms the theoretical basis of LDCT by showing that more lung cancers are
diagnosed in the earlier stages and fewer in the later stages. However, it also confirms that more lung
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cancers are detected in the LDCT trial arms many years after completion of the screening programmes,
indicating an element of overdiagnosis.
It seems unlikely that LDCT screening leads to major differences in psychological consequences and
HRQoL, and the effect on smoking behaviour continues to be uncertain.
Evidence from economic modelling suggests that LDCT screening for lung cancer may not be cost-effective,
depending on the cost-effectiveness threshold used. Thresholds of £20,000 to £30,000 per QALY are
commonly used in the UK, and screening is estimated to be cost-effective with the higher threshold (when
using mean values for inputs), but not with the lower. When the probable range of inputs is considered in a
PSA, it is estimated that screening is not cost-effective with either threshold.
It is estimated that a national screening programme could result in up to half a million additional computed
tomography (CT) screens a year, compared with 2 million CT screens currently conducted each year
(in England). It is unlikely such an increase in the burden on radiography services would be accommodated
without significant recruitment and/or service reconfiguration.

Recommendations for research
Clinical effectiveness and cost-effectiveness estimates should be updated with the anticipated results from
several ongoing RCTs [particularly the NEderlands Leuvens Longkanker Screenings ONderzoek (NELSON)
screening trial]. This is likely to resolve many current uncertainties within a reasonable time.
In the longer term, another large trial of lung cancer screening is currently being conducted in Asia that
will further explore the generalisability of the initial trial results to populations with different ethnicities.
Further investigation of the quality of currently included trials needs to be conducted to confirm whether
they were all truly RCTs or not. If not, they would be appropriately excluded in future systematic reviews
on the effectiveness of LDCT.
Further research on why the results of economic evaluations of lung cancer screening vary might enable
model selection and model averaging to obtain best estimates of cost-effectiveness while also reflecting
structural uncertainty. In addition, certain key costs for the generalisation of economic evaluation results
(e.g. the cost of lung cancer) should be estimated from high-quality, representative and recently
collected data.

Registration
This study is registered as PROSPERO CRD42016048530.
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