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Abstract: Poor survival of lung cancer (LC) patients depends on several factors first of all the delay in the
diagnosis, considering that the majority of patients have an advanced-stage disease at the time of diagnosis.
In this context, use of screening to increase the percentage of early LC detection can play a crucial role.
After the preliminary unsatisfactory experiences with chest X-rays and sputum cytology, low dose computed
tomography (LDCT) has become the best method for LC screening. In particular, several randomized
LDCT screening trials conducted in the last year showed significant reductions in LC mortality in high-risk

subjects. This review focuses on both recent advances in LC screening and some open questions.
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Introduction

Despite the recent advances occurred in the therapy of
non-small cell lung cancer (NSCLC) the overall survival
(OS) still remains unsatisfactory, since for patients with
localized NSCLC the overall 5-year survival rate is about
60%, while for patients with metastatic disease the 5-year
survival rate is less of 10% (1). Poor survival depends
on several factors first of all the delay in the diagnosis,
considering that the majority of patients have an advanced-
stage disease at the time of diagnosis. In this context, use of
screening to increase the percentage of early LC detection
can play a crucial role. After the preliminary unsatisfactory
experiences with chest X-rays and sputum cytology, low
dose computed tomography (LDCT) has become the best
method for LC screening. As we shall see later, since 2011
several large randomized trials on LDCT screening showed
significant reductions in LC mortality in high-risk subjects
(2-5). These data were confirmed by a meta-analysis of
randomised LDCT screening trials that reported an overall
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lung cancer (LC) mortality reduction of 20% connected to
the early cancer detection (6). Therefore, the United States
Preventive Services Task Force (USPSTF) recommended
annual screening with LDCT in adults aged 55 to 80 years,
current and former smokers (quit <15 years) who smoked
30 or more pack-years (“USPSTF criteria”) (7). Several
scientific associations, including the American Society of
Clinical Oncology (ASCO), the National Comprehensive
Cancer Network (NCCN) and the European Society of
Medical Oncology (ESMO), developed recommendations
for LC screening using LDCT in high risk subjects (8-10).
On this basis, the implementation of LC screening, as
well as anti-smoking campaigns, can play a crucial role in

the battle against LC.

LC screening studies

In view of the encouraging results observed in pilot or small
randomized studies (11-16) the effectiveness of LDCT
screening has been investigated by several large randomized
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Table 1 Main randomised studies
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Study Population Number of cases Lung cancer mortality
NLST, US (2) Age 55-74 years; >30 pack-years, current/former smokers with cessation 53,454 -20%
<15 years
NELSON, EU (3) Age 50-75 years; who had smoked >15 cig/d for =25 years or =10 cig/d for 15,792 -26%
>30 years, current/former smokers with cessation <10 years
MILD, IT (4) Age 49-75 years; =20 pack-years, current/former smokers with cessation 4,099 -39%

<10 years

trials including the US National Lung Cancer Screening
Trial (NLST), the Dutch-Belgian Nederlands Leuvens
Longkanker Screenings Onderzoek (NELSON) trial and
the Multicentric Italian Lung Detection (MILD) trial (2-4)
(Table 1).

From August 2002 to April 2004 the NLST trial
enrolled in U.S. more than 50,000 people at high risk for
LC that were randomized to receive three annual screening
with either LDCT or chest X-rays (2). In this trial any non-
calcified nodule measuring at least 4 mm in any diameter
and radiographic images of non-calcified nodule or mass
were classified as positive/suspicious for LC. The NLST
was the first LC screening study to demonstrate a reduction
in LC mortality showing a 20% reduction in LC mortality
and a 6.7% reduction from any cause of death.

The subsequent European NELSON trial enrolled into
a screening group and a control group more than 15,000
current or former smokers, who were considered at high
risk for LC based on the answers provided to a specific
questionnaire (3). Participants included in the screening
arm received a LDCT at baseline, 1, 3, and 5.5 years after
randomization. In this trial nodule volume was generated
semiautomatically by LungCare software and lung nodules
categorization was based on size, characteristics and growth
rate (17). In particular, any non-calcified nodule with a
solid component >500 mm’ (>9.8 mm in diameter) was
classified as positive for LC (18). Results of the NELSON
trial confirmed the value of LDCT screening in people at
high risk for developing LC showing a 26% reduction in
LC mortality in men and a larger reduction in the smaller
subset of women over a 10-year period. Notably, about
50% of the cancers diagnosed in the screening arm were
early stage, while the majority of cancers in the control arm
were in an advanced stage at diagnosis. About the rounds
of repeat screening, the 2.5-year interval in the fourth
round resulted in an increased LC detection respect to the
previous rounds (19).
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There are some differences between the previously
reported two trials: first, participants in the NELSON
control group received no screening instead of chest
radiography as in the NLST trial; second, the NELSON
trial provided LDCT screening at baseline (round 1),
after one year (round 2), after 3 years (round 3) then after
5.5 years (round 4), while in the NLST trial there were
three annual screenings; third, the NELSON trial evaluated
the nodule volume and volume doubling time (VDT), while
the NLST considered only the nodule diameter.

The MILD trial randomized more than 4,000 current or
former smokers of >20 pack-years to a screening arm with
further randomization to annual or biennial LDCT or to
a control arm without intervention for a median period of
6 years (4-6). Baseline LDCT was considered as negative for
individuals without non-calcified nodules or with volume
<60 mm’, indeterminate for non-calcified nodules of 60-
250 mm’ and positive for non-calcified nodules >250 mm’.
The MILD trial showed that prolonged screening over
5 years reduces 10-year mortality (39% reduction of LC
mortality and 20% reduction of overall mortality) and that
biennial LDCT after a negative baseline assessment doesn’t
compromise the efficacy of the screening (4-6).

Recently, at the 2019 World Conference on Lung
Cancer (WCLC) the same Italian researchers presented the
preliminary results of the BioMILD trial, which tested the
utility of combined blood microRNA testing and LDCT
screening to predict the individual LC risk (20). The
diagnostic performance of a plasma microRNA signature
classifier (MSC) was previously evaluated in samples
collected from smokers included in the MILD trial (21).
This validation trial demonstrated that MSC has predictive,
diagnostic and prognostic value and that combination of
both MSC and LDCT can reduce the LDCT false positive
rate (21). The BioMILD trial enrolled more than 4,000
volunteers current/former smokers with a median age
of 60 years (Figure 1). The Italian researchers classified
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Volunteers registered
n=9,735

2
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Eligible
n=4,909

2

Inclusion criteria:
* Age 50-75 year
e Current or former smokers
>30 pack-years
* Smoking stop <10 years

Enrolled
n=4,119

All subjects undergo baseline LDCT examination, spirometry and miRNA profiling, choosing a
3-year interval for the next repeat in participants with double negative LDCT and miRNA

Figure 1 The BioMILD Trial. LDCT, low dose computed tomography.

Table 2 Lung cancer screening with low dose computed tomography: open questions

How cost-effective is a lung cancer screening program?

What are the risks associated with over-diagnosis, further diagnostic testing, long-term accumulation of radiation exposure?

Is there a consensus about the definition of high-risk subjects?

What is the optimal duration of screening and the screening intervals?

Are we ready to transfer in clinical practice a multi-screening approach integrating imaging technique and biomarkers?

participants into three risk groups and chosen different
screening intervals for the following repeats according to
their testing results; going more in detail, 2,384 participants
(58%) with double negative LDCT and miRNA were sent
to a 3-year interval, 1,526 (37%) with positive miRNA or
indeterminate/positive LDCT (single positive) and 209
(5%) with positive miRNA and indeterminate/positive
LDCT (double positive) were sent to annual or shorter
LDCT repeat. In this trial LC incidence at 4 years resulted
significantly higher among patients with single-positive
results (HR 5.96; 95% CI, 3.38-10.52) or double-positive
results (HR 36.64; 95% CI, 20.31-66.11) compared with
the double-negative group. Similarly risk for mortality at
4 years was much higher for the single-positive (HR 4.67;
95% CI, 1.26-17.24) and double-positive (HR 32.24; 95%
ClI, 8.55-121.6) groups than for the double-negative group.
The authors concluded that the combination of microRNA
assay and LDCT is a useful tool for evaluating the
individual risk profile and to avoid unnecessary CT scans.
In a large Chinese study, including 6,717 participants
randomly assigned to a screening group or a control group,
the results of the baseline screening showed a 74.1%
increase in detecting early-stage LC with LDCT (22). The
China Lung Cancer Screening (CLUS) study version 2.0
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(NCT03975504), that was designed to validate previous
findings and optimize the screening procedure, is actually
ongoing.

A recent meta-analysis including the main randomized
LDCT screening trials, reported a pooled estimate for LC
mortality of 0.80 (95% CI, 0.71-0.90) and of 0.94 (95%
CI, 0.89-1.00) for all cause of mortality (6). The incidence
of LC was higher in the LDCT arm with a more frequent
detection of early stage LC, as well as adenocarcinomas (6).

Open questions and closing remarks

Although LDCT screening has been shown to reduce LC
mortality, several questions are still open, as reported in
Table 2. The optimal duration of screening as well as the
screening intervals have been the subject of debate for long
time. Regarding the optimal screening intervals the MILD
trial showed that biennial screening achieves a decrease
in LC mortality similar to annual LDCT in participants
with negative baseline assessment, while the BioMILD
trial demonstrated that the combination of microRNA
assay and LDCT can be an useful tool for evaluating the
individual risk profile and to avoid unnecessary LDCT
repeats (5,20). About the duration of screening, the recent
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Table 3 European Union position statement recommendations on LC screening (25)

LDCT is the only method for the early detection of LC that has been shown to provide a mortality reduction

A risk stratification approach should be used for future LDCT LC screening programmes

Smoking cessation should be offered to all current smokers included in a LC screening

Management of the detected solid nodules should include semi-automatically measured volume and VDT

National quality assurance boards should be set up to oversee technical standards

A lung nodule management pathway should be established and incorporated into clinical practice

Non-calcified baseline lung nodules greater than 300 mm?® and new lung nodules greater than 200 mm?® should be managed in

multidisciplinary teams

European countries need to set a timeline for implementing LC screening

LC, lung cancer; LDCT, low dose computed tomography; VDT, volume doubling time.

meta-analysis published by Rota et a/. reported, as well as
also showed by the MILD trial, a greater reduction both of
LC mortality and all-cause mortality beyond the fifth year
of screening (5,6); therefore, these findings seem to suggest
that campaigns of screening should be extended over long
periods of time (6). Estimating the risk of cancer associated
with low-dose radiation exposure represents another
contentious issue. McCunney er a/. reported that radiation
exposure from LDCT screening and diagnostic procedures
could exceed the lifetime dose experienced by nuclear power
workers and atomic bomb survivors (23). Rampinelli ez 4.,
conversely, observed that the benefit of LC screening in
terms of mortality reduction outweighs the risks associated
with long-term accumulation of radiation exposure (24).
Anyway, the recent progress in CT technology certainly
can further decrease the radiation risk for LC screening
participants.

A recent European position statement on LC screening
identified a list of specific actions to adopt before of new
campaigns of screening (25) (Table 3). This position paper
recommends, among other things: that the evaluation of the
detected solid nodules should include a semi-automatically
measured volume and VDT, that detected solid nodules
should be managed in a multidisciplinary team and that
smoking cessation should be proposed to the current
smokers included in a LC screening. As regards the latter
point, Pastorino et 4/. demonstrated that quitting smoking
significantly reduce the overall mortality of smokers
enrolled in two LDCT screening programs (26).

Conclusions

In conclusion, LDCT represents the only method for the

© Journal of Thoracic Disease. All rights reserved.

early detection of LC that has been shown to provide a
mortality reduction; however, although LDCT screening
is already available in some countries, its large-scale
implementation has not yet taken place. In the near future,
a multi-screening approach integrating imaging technique
and novel biomarkers, as suggested by the results of the
BioMILD trial, could ameliorate the assessment of the
individual LC risk and reduce unnecessary LDCT repeats.
Anyway, the best strategy to further reduce mortality should
provide for the implementation of both LC screening
programmes and anti-smoking campaigns.
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