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Lung cancer screening with low-dose CT (LDCT) is already available in certain parts of the world, such as the
United States, but not yet in Europe. The recently published European position statement on lung cancer
screening has recommended planning for implementation of screening to start within 18-months [1]. Pilot
European programmes are already underway, primarily in the United Kingdom (UK), delivering lung cancer
screening to their local populations. This review article acknowledges the evidence base for LDCT screening and

will discuss the challenges that still need to be overcome in an attempt to answer the question: are we ready to

implement in Europe?

1. European burden of lung cancer - the challenge for lung cancer
screening

Lung cancer is the leading cause of cancer death in the world re-
sponsible for 1.6 million deaths per year [2]. This approximates to 20%
of all cancer deaths globally, more than breast, colon and prostate
cancers combined [3]. The burden of lung cancer is expected to rise
across the globe in coming years despite advances in diagnostics and
treatment [4]. This is largely due to a more recent peak in the tobacco
epidemic in less developed countries and an overall aging population.
Across Europe there are around 400,000 new cases of lung cancer and
over 300,000 deaths annually [5]; some geographic variation exists
with the highest incidence in men seen in Hungary and other central /
eastern European countries, whereas the highest rates in women are in
northern Europe in countries such as Denmark [5]. Long term survival
remains poor, the average European 5-year survival is 12%, ranging
from 5% in Bulgaria to 15% in Austria [6]. A significant factor driving
poor outcomes is late presentation, with 70% of cases diagnosed at an
advanced incurable stage and as a result as many as a third die within
three months of diagnosis [7]. Although major therapeutic advances
have been made in recent years with the introduction into routine
clinical practice of targeted therapies and immunotherapies, only sur-
gery has been demonstrated to improve long term survival [8]. A focus
predominantly on improving therapy for those presenting with symp-
tomatic disease rather than prevention and early detection would

therefore be misguided. In England, 35% of lung cancers are diagnosed
following emergency presentation and of these 90% are stage III or IV
[9]. In contrast, 5-year survival in patients diagnosed early (stage I-II)
can be as high as 75%, especially in patients who have a surgical re-
section [10]. It is therefore widely accepted that earlier diagnosis
moves the focus from palliative treatment of incurable disease to ra-
dical potentially curative treatment with a resultant transformation of
long-term survival.

2. The evolution of CT in lung cancer screening

Lung cancer screening dates back to the 1960s where technology
was limited to sputum cytology and chest x-ray (CXR). A number of
studies between the 1960s and 1980s were unable to demonstrate
mortality benefit with either test [11-14]. The role of CT in the de-
tection of lung cancer was first described in the 1990s and was shown to
be superior to CXR in a number of subsequent observational studies
[15-18]. In 2011, the National Lung Screening Trial (NLST) confirmed
for the first time a significant mortality reduction in ever-smokers aged
55-74 years [19]. This trial is unique in that it recruited the required
sample size to maintain 90% statistical power and demonstrate a
mortality reduction from LDCT screening (90% power to detect a 21%
difference in mortality). 53,454 individuals age 55-74 were rando-
mised to receive either annual LDCT or CXR for three years if they had
at least a 30 pack year smoking history and smoked within 15 years.
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Table 1

List of selected European lung cancer screening studies/pilots including eligibility and baseline results with NLST included for comparison.
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Study Screening Methods =~ Number of Age eligibility Smoking eligibility Baseline Cancer Proportion of Early Surgical Resection
(recruitment (duration) participants Enrolled  criteria criteria Detection Rate (%)  Stage (I + II) Cancers Rate (%)
period) (years) (%)
DEPISCAN Annual LDCT vs 765 50-75 >15 PY; 2.4 37.5 Not stated
(2002-04) CXR Ex-smokers quit
(2 years) within 15 years
DANTE Annual LDCT vs 2,472 60-74 =20 PY; 2.2 57.0 67.9
(2001-06) No Screen Ex-smokers quit
(4 years) within 10 years
ITALUNG Annual LDCT vs 3,206 55-69 =20 PY; 1.5 47.6 81.0
(2004-06) No Screen Ex-smokers quit
(4 years) within 10 years
DLCST Annual LDCT vs 4,104 50-70 =20 PY; 0.8 53.0 65.0
(2004-06) No Screen Ex-smokers quit
(5 years) within 10 years
MILD Annual LDCT vs 4,479 =49 =20 PY; 0.8 63.0 84.0
(2005-11) Biennial LDCT vs Ex-smoker quit
No Screen within 10 years
(5 years)
LUSI Annual LDCT vs 4,052 50-69 At least: 1.1 80.0 Not stated
(2007-11) No Screen a) 15 CPD for 25
(5 years) years OR
b) 10 CPD for 30
years;
Ex-smoker quit
within 10 years
UKLS Single LDCT vs 4,055 50-75 LLP,2 = 5% 1.7 85.7 83.0
(2011-2014) No Screen
(Single round)
NELSON LDCT at 1, 2, 4 & 15,822 50-75 At least: 0.9 70.8 Not Stated
(2003-06) 6.5 years vs a) 15 CPD for 25
No Screen years OR
b) 10 CPD for 30
years;
Ex-smoker quit
within 10 years
Manchester LDCT at baseline 1,384 55-74 PLCOmz012 =1.51% 3.0 80.0 65.0
(2016-2018) and 1 year
NLST Annual LDCT vs 53,454 55-75 =30 PY; 1.0 57.1 69.1
(2002-2004) CXR Ex-smokers quit
(3 years) within 15 years

PY=Pack years; LDCT = Low-dose computer tomography; CPD = Cigarettes per day; LLP =Liverpool Lung Project risk model;PLCOm2012=Prostate, Lung,
Colorectal and Ovarian trial risk model, the 2012 model; PanCan =Pan-Canadian study risk model.

The study demonstrated a relative reduction in lung cancer mortality of
20% and a 6.7% reduction in all-cause mortality in the LDCT arm. Since
the publication of NLST, several American bodies, including the US
Preventive Services Task Force (USPSTF), have recommended screening
with LDCT be offered to individuals that match the NLST eligibility
criteria extended to age 80 [20]. However, widespread implementation
has been limited post-2011 due to the absence of a second confirmatory
randomised controlled trial (RCT) despite the quality of evidence pro-
vided by NLST. In Europe, even though a number of smaller studies
[21-28] (Table 1) have contributed to the literature further the results
of the European Dutch-Belgian randomised lung cancer screening study
NELSON were eagerly awaited. Although final publication of the peer-
reviewed data are still awaited, the results were presented in a plenary
session at the World Conference on Lung Cancer 2018 in Toronto, Ca-
nada in September 2018 [29]. The NELSON study was designed to
detect a 20-25% lung cancer mortality reduction ten years after ran-
domisation with a power of 80%, requiring 17,300-27,900 participants
[30]. The trial under-recruited, randomising 15,792 participants, but
despite this confirmed a 26% mortality rate reduction in males (95%CI
0.60-0.91, p =0.003) and 39% in females (95%CI 0.35-1.04,
p = 0.0543) at ten years [29]. At the same conference, the 10-year
follow-up results of the MILD study were also presented which de-
monstrated a statistically significant 39% reduction in lung cancer
mortality (0.59; 95%CI: 0.38-0.92) [31]. NLST and NELSON provide
data from two large RCTs that LDCT screening is effective in reducing
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lung cancer mortality and given the scale of the lung cancer pandemic,
LDCT screening can play an important role in reducing deaths from the
disease.

3. How do we select the right population to screen?

Age is a validated independent risk factor for lung cancer and
should be an important consideration in screening programmes yet the
age inclusion criteria varies greatly between screening studies, ranging
from 50 to 80. The combined median age of the largest observational
studies (n = 13) is 59 years, significantly below the average age for
lung cancer diagnosis [32]. Only 8.8% of participants in NLST were
aged 70 or above. With the use of risk stratification models, age plays
an important role in determining individual risk. This was demon-
strated in UKLS where only 0.5% of those ages 50-55 were classified as
high risk compared to 24.8% in those ages 71-75. Microsimulation
models have suggested inclusion in screening programs should be ex-
tended beyond the age of 74, up to the age of 80 [33]. This has been
reflected in the USPSTF criteria which includes those up to the age of
80. However, extending the upper age limit for eligibility can be as-
sociated with a lack of screening participation [34] and therefore
making screening accessible to older participants provides additional
challenges. Furthermore, extending screening to older age groups can
increase the risk of overdiagnosis from competing co-morbidities [35],
such as cardiovascular disease [36,37], but appears to be off-set by an
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improved cost-efficiency of screening. Current recommendations ap-
pear to favour extending the upper age limit to age 80 years [20,38].

To date age and smoking history alone have been the basis for se-
lection criteria in all but one RCT. Although both are clearly very sig-
nificant, other well established risks for lung cancer are also important
such as family history, socioeconomic status, occupational exposures,
previous respiratory disease and previous cancer history (lung and non-
lung cancers e.g. head & neck cancers). Increasing the precision of
screening reduces harms and improves efficacy [39]. To address this
issue several risk prediction models have been established, most of
which have been shown to perform better than NLST criteria alone.
Retrospective analysis of NLST by stratification into quintiles of 5-year
risk of lung cancer death demonstrated that 88% of prevented deaths
were in 60% of the highest risk participants whereas, conversely, the
lowest risk quintile accounted for only 1% of prevented deaths [40].
The number needed to screen (NNS) to prevent one death in the highest
risk quintile was 161 compared to 5,276 in the lowest risk quintile.
Several risk models appear to be useful in this regard; the accuracy of
these models will determine their utility and largely depend upon their
calibration and discriminatory performance [41]. The Prostate, Lung,
Colorectal and Ovarian (PLCO) risk model was derived using popula-
tion data including non-smokers from the randomised PLCO trial [42].
A number of variables were used to calculate 6-year lung cancer risk
including: age, socioeconomic status, BMI, ethnicity, sex, family history
of lung cancer, personal history of cancer (both lung and non-lung) and
respiratory disease as well as detailed smoking history. The perfor-
mance of the PLCOy,2012 risk calculator, when compared retrospectively
with NLST criteria for selecting participants at risk of lung cancer
mortality, demonstrates better sensitivity, higher positive predictive
value (PPV) without loss of specificity [43]. At a PLCOyy2012 threshold
of =1.51% lung cancer specific mortality rates in the NLST population
were consistently lower in the LDCT arm and the NNS to prevent one
lung cancer death reduced from 963 to 255 [44]. The recently pub-
lished Pan-Canadian study, using a precursor to PLCO012 at a
threshold of 2% to select participants, diagnosed lung cancer in 5.1% of
participants at baseline [45]. A recent UK NHS implementation pilot
used the PLCOy,0012 model at the =1.51% threshold and reported a
lung cancer detection rate of 3% at baseline, higher than NLST, UKLS
and NELSON [28] (Table 1). These are the first examples of lung cancer
risk prediction models being prospectively used in real-world lung
cancer screening implementation programmes. The Liverpool Lung
Project (LLP,5) model was developed using a case-control study and
takes into account multiple variables including smoking, respiratory
disease, asbestos exposure, previous cancer diagnosis and family history
of lung cancer [46]. The LLP,, model, at a threshold of =5%, was used
in the only RCT to date to select participants based on lung cancer risk,
and identified a higher prevalence of lung cancer than NLST at baseline.
A number of other risk models have been developed [47-50] but there
are currently no prospective comparative data to guide the selection of
the most appropriate risk prediction tool. Two RCTs are in progress, the
International Lung Screening Trial (ILST) [51] and the Yorkshire Lung
Screening Trial (YLST) [52], that may clarify this in the years ahead. At
present, modeling work has suggested that PLCO 5012 performs best in
external validation with the highest sensitivity, specificity and positive
predictive values with modest superiority to the Bach and LLP models
[53,54].

Selection of an appropriate risk threshold impacts on clinical per-
formance of screening programmes but may also address challenges
around implementation such as limiting the number of LDCT scans,
non-invasive and invasive investigations and ultimately influencing
costs and cost-effectiveness.

4. Lung cancer screening — ensuring engagement with the hard-to-
reach

Of the many challenges for implementation, ensuring screening
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services are accessible to those at highest risk, and therefore most likely
to benefit, is key. Demographic factors linked with lung cancer risk, for
example current smoking and low socioeconomic status, are also as-
sociated with lower screening uptake [55,56]. Participation bias has
been seen across the screening studies, including NLST and UKLS,
where participants have been from more educated and affluent back-
grounds [57,58]. Evidence points to ‘practical barriers’, such as travel,
costs and a lack of willingness to attend hospitals, to be important
reasons for non-participation [34]. One potential way to address travel
obstacles and a fear or anxiety of clinical spaces is the use of commu-
nity-based CT scanners at mobile or fixed sites. No study has directly
compared mobile vs hospital-based screening in lung cancer however
compliance in previous studies using mobile scanners has been good
[59,60]. In a recent UK NHS pilot, a community-based lung cancer
screening service used mobile CT scanners located in more deprived
areas of the city and found demand for the service was high as were
measures of deprivation (75% of participants in lowest quintile for
deprivation), smoking (53% current smokers), educational achievement
(82% left school by 16), lung cancer risk (> 55% had a PLCOp2012
score =1.51%) and lung cancer detection (4.4% diagnosed with lung
cancer over two rounds of screening) in those screened suggesting that
community-based programmes facilitate enrichment for the target po-
pulation and could be a key element of implementation [28,61].
‘Emotional barriers’ including avoidance, fear and anxiety have also
been shown to contribute to a lack of engagement with screening
programmes [34] and may also be addressed by this approach. Ad-
ditionally, the use of ‘Lung Health Checks’ which are discussed in more
detail later in this review may further ameliorate the psychological
barriers that ‘lung cancer screening’ may generate.

Improving uptake of screening amongst those at highest risk is es-
sential and critical for implementation [62,63]. Details of the methods
of recruitment, public engagement, involvement of primary care phy-
sicians and other community health services has varied in the European
screening studies and achieved mixed results (Table 2). In the United
States, uptake of lung cancer screening has been poor with only an
estimated 3.9% of potential participants receiving LDCT screening in
2015 [64]. The reasons for this are likely to be multifactorial and yet to
be fully understood. Organisational barriers, which include engage-
ment, communication, screening site, insurance coverage and reliance
on primary care physicians to opportunistically identify and refer po-
tential participants may all contribute to poor uptake.

5. Optimum screening model

The optimal model of screening and most effective relationship
between commissioner, primary care and provider is not yet established
but will clearly be influenced by prevailing healthcare systems in in-
dividual countries. Several models are described including centralised,
decentralised and hybrid models [65] (Fig. 1). Decentralised models
favour implementation based on primary care assessment and referral,
with or without engagement programmes, to diagnostic providers. This
model may be disadvantaged by a lack of uniformity in risk assessment,
radiology interpretation and nodule management (with implications for
cost, false positives and overdiagnosis) and does not afford providers a
clear opportunity to invest in the required capacity to deliver a new
service. Quality assurance is also more difficult to monitor from re-
cruitment to treatment. Centralised models are driven by the provider
creating capacity and encouraging primary care referral but are dis-
advantaged by a lack of comprehensive community or primary care
engagement. Referral rates may therefore be low but quality assurance
more easily maintained. Whether centralised models should be con-
fined to cardiothoracic surgical centres or utilise general hospitals is
also not well understood but clear agreement exists that accreditation is
required based on the facilities, expertise and capacity to provide a high
quality programme. Hybrid models typically work in collaboration,
providing a clear strategy for community and primary care education
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Table 2
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Recruitment methods, primary care involvement and response rates in selected European lung cancer screening studies/pilots with NLST included for comparison.

Study Recruitments approach PCP involvement  Response rate (%)
DEPISCAN PCPs & physicians approached and asked to opportunistically enroll individuals matching selection criteria Yes 830
(% not stated)
DANTE Generalised advertising through mass mailings, leaflets and local media Yes 2,564
(% not stated)
ITALUNG PCP endorsed invitation letters to pre-identified individuals Yes 23.9
DLCST Advertisement in newsprints No 4,104
(% not stated)
MILD Advertisement in newsprints and television No 4,099
(% not stated)
LUSI Population based invitation letters + No 32.7
‘mass media’ information release
UKLS Mass invitation letters sent to pre-identified individuals Yes 30.7
NELSON Mass invitation letters to candidates identified through population registries No 32.0
Manchester  PCP endorsed invitation letters to pre-selected populations; Yes 28.5%
‘mass media’ promotion;
Outreach through community networks, events and awareness sessions
NLST Generalised advertising through mass mailings, leaflets and local media; Outreach including health fairs and presentations to unions ~ No 53,454

and community groups;
Web sites, Internet-based, television and radio announcements.

(% not stated)

PCP =primary care physicians; *“Maximum service capacity reached.
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Fig. 1. Graphical description of different screening models and the key com-
ponents involved.
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and engagement, and full responsibility for delivery of recruitment,
assessment, diagnostics and treatment lying with the provider. This has
the advantage of being a single system to facilitate quality assurance
and monitoring of key performance indicators overseen by an inclusive
stakeholder committee. It seems reasonable that implementation pro-
grammes should not simply focus on the act of referral and CT screening
but ensure robust plans for targeting those at highest risk, describe a
comprehensive community engagement plan to reflect local community
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differences, such as public transport, ethnicity and language, and a
collaborative partnership with public health, commissioning, primary
care stakeholders and providers of diagnostics and treatment.

The recent American Thoracic Society (ATS) guide to implementa-
tion describes 16 example lung cancer screening programmes, the
majority of which are centralised or hybrid models suggesting perhaps
that decentralised models are less favourable [65]. The successes of
NLST, UKLS and NELSON also favour a centralised model noting the
challenges of attracting the most at risk. The recent UK Manchester
pilot is a hybrid model utilising commissioner-cardiothoracic centre
collaboration, an effective community engagement team (responsible to
the commissioner) with full contractual responsibility for delivery and
quality assurance resting with the cardiothoracic centre. The encoura-
ging results of this pilot, noting the difficulties in implementing
screening in the US, suggest that hybrid models, particularly based in
cardiothoracic centres, merit primary consideration in implementing
lung cancer screening programmes across Europe.

6. Lung cancer screening or lung health check?

Lung cancer screening is known to elicit emotional barriers to
screening uptake [34]. A novel approach that may overcome or mini-
mise this is to promote a ‘Lung Health Check’ (LHC) of which lung
cancer screening is a part, as demonstrated in recent implementation
pilots and research studies in the UK [28,66]. This approach, which
downplays ‘cancer screening’, is seen as less intimidating and is less
likely to illicit the previously described emotional barriers to screening
[67]. This not only has the potential to improve screening uptake but
also provides an opportunity to address tobacco addiction and com-
peting causes of premature death such as cardiovascular disease (CVD)
and chronic obstructive pulmonary disease (COPD) [68]. With a LHC
approach, ever-smokers may be invited for an assessment that can in-
clude spirometry, CVD risk assessment and treatment and support for
tobacco addiction. Incorporation of a lung cancer risk model is key,
with those exceeding an agreed risk threshold proceeding to LDCT
screening directly. Successfully combining effective smoking cessation
with lung cancer screening has the potential to increase the mortality
reduction from screening [69,70]. For example, modeling work in the
United States has suggested that a 10% quite rate within a screening
programme with 40% uptake could lead to 160,000 fewer lung cancer
deaths and 1.4 million life years gained by 2060 [71]. Evidence for
successful smoking cessation across lung cancer screening trials have
been mixed [72,73] although previous concerns regarding false
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reassurance after a negative screening scan have been largely un-
founded and recent evidence from UKLS suggest LDCT screening is
associated with improved smoking cessation rates [74]. This effect
could be improved further by incorporating pharmacotherapy, which
has been shown to increase successful cessation rates by threefold
compared to placebo [75].

Performing spirometry in such a high-risk population of current or
former smokers has the potential to identify previously undiagnosed
symptomatic COPD. The burden of undiagnosed COPD, which is asso-
ciated with increased risk of exacerbations, pneumonia and death
[76,77], is substantial and has a significant clinical and economic im-
pact on health systems [78,79]. The similarities between risk factors for
both lung cancer development and 10-year risk of CVD highlights an
opportunity to address unrecognised cardiovascular risk in a lung
cancer screened population. It is noteworthy that CVD was the leading
cause of death in the NLST population [37] and modification of CV risk
provides an evidence-based opportunity to minimise overdiagnosis.
This can be done either non-radiologically through CVD risk prediction
models, such as QRISK [80] or Framingham [81], where an evidence
base exists for pursuing statin therapy [82], or through the detection of
coronary artery calcification (CAC) on LDCT which is strongly corre-
lated with cardiovascular events and all-cause mortality although it
remains unclear how best to approach this entity [83,84]. A UK pilot
study identified a third of lung cancer screening participants as at high
risk of CVD using the QRISK2 model but not prescribed primary pre-
vention as recommended by national guidelines [36].

Judicious identification of cardiorespiratory disease and compre-
hensive approaches to tobacco addiction within the context of lung
cancer screening programmes has the potential for additional benefit
rather than harm, and may further contribute to the cost-effectiveness
of screening [85].

7. Ensuring harm reduction through evidence based algorithms

There is a risk, as with any screening programme, of harm to par-
ticipants despite careful evaluation. In CT screening for lung cancer, the
well-established concerns relate to 1) overdiagnosis, 2) radiation-in-
duced lung cancers, 3) false positive screens and subsequently 4) in-
vestigation of benign disease including benign surgical resection rates.

7.1. Overdiagnosis

This is the diagnosis of disease that would never be clinically re-
levant within the participants expected lifetime i.e. death due to com-
peting causes. In tumours with low volume doubling times (VDT), ad-
dressing the competing causes of death affords an opportunity to
improve lung cancer mortality and 5-year survival. However, diagnosis
and treatment of indolent lung cancers should be avoided and re-
presents the major burden of overdiagnosis. The rate of overdiagnosis
can be estimated within randomised controlled trials by the number of
excess cancers in the screening arm compared to the control arm. In
other words both arms should have the same number of relevant can-
cers. The estimated rate of overdiagnosis amongst screening trials has
varied significantly, ranging from none in the ITALUNG study to 67% in
DLCST [86,87]. The overdiagnosis rate in NLST is estimated at 18% but
the follow-up period was short at 6.5 years [19] with subsequent
modelling suggesting that this overdiagnosis rate is likely to be over-
estimated. The majority (80%) of overdiagnosed cancers were regarded
as bronchioloalveolar carcinoma (BAC), an entity now regarded as
adenocarcinoma in-situ easily recognised on CT, associated with an
excellent cancer-specific prognosis and managed conservatively [88].
The same modelling suggests in the event of lifetime follow-up in NLST
the estimated non-BAC overdiagnosis rate was less than 5% [89].
Through adherence to modern nodule management protocols and the
principles of the 8™ edition of the TNM staging manual [90], over-
diagnosis can be reduced significantly ensuring the minimisation of
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harm. To support this, the ITALUNG investigators recently reported a
low rate of overdiagnosis over an adequate follow up period [87].
Furthermore, models examining the effectiveness of screening strate-
gies confirm that lung cancer screening may prevent between 3 and 5
lung cancer deaths, depending on the stopping age of the screening
program, for every overdiagnosed case. This is in sharp contrast to
prostate or breast cancer screening where cancer deaths prevented are
estimated at 1 per 5 or 3 overdiagnosed cases respectively [35]. We
would argue that this risk of overdiagnosis within quality assured
programmes, when weighed against the mortality and societal burden
of this disease, is insufficient to limit the implementation of lung cancer
screening. Additional strategies to reduce death from competing causes
(thereby reducing the likelihood of death following curative treatment
of invasive malignancy) may help to further reduce overdiagnosis.

7.2. Radiation

CT scanning exposes a participant to radiation and a risk of radia-
tion induced cancers. The American College of Radiology (ACR) prac-
tice parameter for the performance of imaging in lung cancer screening
recommend low-dose CT scanning set to yield a volume CT dose index
(CTDIvol) of < 3mGy for a standard-sized patient, modified according
to body size [91]. Exposure from repeated scanning and further in-
vestigations, such as PET-CT and CT guided biopsies, as a result of
screening are a potential concern. Bach et al estimated approximately
one radiation induced cancer death from every 2,500 NLST screens
[92]. Rintoul and colleagues estimated the mean lifetime attributable
risk of malignancy for those receiving curative intent treatment as
0.059% with a lung cancer specific risk of 0.019% [93]. Rampinelli and
colleagues estimated 1.5 radiation induced lung cancers and 2.4 other
major cancers after 42,000 LDCT scans over ten years (that included
cumulative radiation exposure from diagnostic CT and PET-CT scans)
[94]. Consequently, the evidence supports a very low risk of radiation
induced malignancy that can be further reduced by the implementation
of ultra-low dose CT scanning, achieving a dose one-tenth of the con-
ventional LDCT [95]. When weighed against the potential benefit, the
evidence to date would suggest the life years gained from LDCT
screening of high-risk populations outweighs the estimable risks from
radiation exposure.

7.3. False positives and investigation of benign disease

The principal role of LDCT is to detect pulmonary nodules. The vast
majority are small (less than 5 mm), benign, and their morphology is
variable. Consequently, this provides challenges in evaluation and di-
agnostic interpretation and influences the rates of both positive and
interval scans and ultimately has implications for false positive rates.
Defining what constitutes a positive scan is important as this affects
assessment capacity, costs and causes short term anxiety and stress for
participants [96,97]. Variable definitions of a ‘positive’ scan, based on
linear size or nodule volume, affect both positivity and false positivity
rates across the lung cancer screening literature (Table 3). Clearly,
higher positive rates have implications for rates of radiation exposure,
non-invasive and invasive investigations, benign surgical resections and
psychological harm. To mitigate against high referrals and false positive
rates in particular, implementation will require use of volumetric ana-
lysis [98], robust nodule management protocols [99,100], including
nodule risk stratification models [101], and in the near future in-
corporation of artificial intelligence (AI) algorithms. Such approaches
can reduce scan positivity rates, false positivity rates and improve
performance indices (sensitivity, specificity, negative predictive value)
[61,102]. Another important question to address is how often to screen
participants once selected as high risk. To date, only one study (MILD)
has directly compared annual vs biennial LDCT and found no significant
difference in recall rates, prevalence or incidence cancer diagnosis
[103]. The NELSON group have demonstrated an interval of 2.5 years is
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potentially harmful with a higher rate of interval cancers when com-
pared to 1-year and 2-year intervals and the majority of interval cancers
occurred in the final six months of the 2.5 year interval [104]. There
was no statistically significant difference between the 1-year and 2-year
interval groups. The evidence therefore suggests going beyond two
years for interval imaging is detrimental. Microsimulation models and
data modelling equations have shown mixed conclusions regarding
annual vs biennial screening [105]. The best approach is likely to de-
pend on risk stratification of individuals and tailoring frequency of
screening based on this, as is done in breast cancer screening [106]. The
results of an individual’s baseline screening LDCT could be used to
further determine frequency of subsequent screening as the presence of
no nodules on the baseline screening scan is associated with reduced
risk of subsequent malignancy [107]. However, in recent real-world
data from a screening pilot cancers that developed in individuals with
true negative baseline scans had mean VDT of 49 days suggestive of a
more aggressive phenotype that would be unsuited to biennial
screening and support the argument for annual screening [61]. Data
from NELSON has also demonstrated new nodules detected on in-
cidence screening have a higher risk of malignancy than those detected
at baseline and therefore smaller size criteria are recommended for
investigation of new nodules on incidence screening rounds [108].

8. What is the key infrastructure required for successful
implementation?

Full scale implementation of lung cancer screening across whole
populations will be a significant challenge and remain so even if a more
targeted approach is taken. Ensuring that the right participant has
convenient access to a high quality programme will require con-
sideration of engagement strategies, the service model (discussed pre-
viously), CT resource, reporting capacity and quality assurance, and the
impacts on diagnostic and treatment providers. The widespread adop-
tion of volumetry, computer aided detection (CAD) and ultimately AI
has the potential to reduce reporting times in the short term but will
attract additional training needs and may include the use of CT-re-
porting radiographers. Quality assurance such as that seen in breast
cancer screening programmes also needs to be developed and addressed
[109]. Many parts of Europe are in crisis in relation to radiology ca-
pacity [110]; implementation in the medium-long term will require
multifaceted strategies including enhanced training, networked re-
porting and an expansion of a high quality workforce [111].

The optimal model of care for screening is yet to be determined, but
centralised or hybrid models appear most abundant in the published
literature. Commissioning specialist cardiothoracic centres has several
advantages that are less likely to be available to other models. As re-
gional providers of current care for suspected lung cancer, a broad
range of sub-specialty expertise in pulmonology, thoracic radiology,
nodule management and thoracic surgery is likely to already exist and
include skills in interventional pulmonology, navigational broncho-
scopy, sub-centimetre CT-guided biopsy and minimally invasive sur-
gery. Any uplift in infrastructure required from the additional referrals
of a screening programme are likely to be relatively small compared to
non-specialist centres. The use of a single provider, as opposed to a
distributed model, facilitates program consistency, robust delivery of
agreed service specifications [112], quality assurance, cost-effective-
ness, reinvestment and enables hospital executives to effect the neces-
sary operational and managerial changes required for an accredited
service. National registries will facilitate monitoring of designated
centres and the rapid integration of new learning and screening stan-
dards. Whilst implementation based across smaller non-specialist hos-
pitals is also possible, care must be taken to avoid variability in some
clinical outcomes as previously seen in national audits [113], including
surgical resection rates [114,115].
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9. An example of the estimated impact of population screening
using a hybrid model incorporating a lung health check approach

The recent UK pilot of NHS implementation [28] provided im-
portant data in a real life setting to estimate the impact of a centralised
roll-out of community based CT screening within a Lung Health Check
programme across a geographic population of 3.2million in the north-
west of England. Using population figures from 10 clinical commis-
sioning groups, there is an estimated 627,000 potential participants
aged 55-80. Ever-smokers represent 59% of the population
(n = 372,000). Assuming a 50% uptake for screening and eligibility for
LDCT at PLCO,2012 =1.51%, a comprehensive programme would re-
quire over 90,000 CT scans annually, leading to more than 5,300 re-
ferrals for assessment, and > 2,760 new lung cancers diagnosed, nearly
80% at stage I/1IL. In the first year of screening alone, one could expect
over 1,900 lung resections, a four-fold increase over existing levels of
activity. Planning for such activity clearly requires significant invest-
ment in equipment, estate and personnel at diagnostic and treatment
centres. It is highly likely that the chosen model of care would impact
on deliverability and financial sustainability.

10. Conclusion

Results from two randomised controlled trials confirming a mor-
tality reduction from low-dose CT screening argues for implementation
of lung cancer screening. Real world implementation pilots in the UK
demonstrate this to be feasible, attracting participants from hard-to-
reach areas, attaining high rates of early stage lung cancer fit for
curative treatment with low levels of harm (false positives, benign re-
section rates, radiation exposure). The adoption of volumetry and
computer aided detection are necessary in the short term to minimise
the impact on a resource limited radiology workforce and mobile ultra-
low-dose CT technology and hybrid programs limit the impact on the
resources of the broader healthcare economy whilst maintaining
quality. There is an increasing recognition of the relevance of other
cardiorespiratory disease in reducing all-cause mortality and potential
overdiagnosis and the utility of Lung Health Check programmes as
distinct from lung cancer screening.

So are we ready to implement lung cancer screening in Europe? This
will depend on the approach taken for delivery. It is clear that the re-
sources required for high quality programmes are limited and most
likely, though not exclusively, concentrated in specialist centres. It is in
our opinion that centralised or hybrid models of care involving spe-
cialist cardiothoracic centres with engaged senior management seem
best placed to overcome the challenges to systematically manage and
minimise harms and afford an opportunity to reinvest income from
provided services to ensure capacity, sustainability and training.
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