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SUMMARY

Lung cancer is considered one of the most common causes of mor-
bidity and mortality globally. Survival depends mainly on clinical
stage of the disease, histological type of lung cancer and patient’s
performance status. Implementation of a screening program among
high-risk subjects might increase overall survival by increasing de-
tection of lung cancers in early stages. In general an ideal screening
program should be highly sensitive and specific, based on simple
and safe examinations, cost effective and easily implemented. Low-
dose computed tomography (LDCT) is currently the only proposed
screening method for lung cancer. Based on the results of the National
Lung Screening Trial (NLST), which was conducted in the USA and
proved a 20% reduction in lung cancer specific related mortality,
U.S. Preventive Services Task Force proposed official guidelines
since 2014. In Europe there are no lung cancer screening recom-
mendations/guidelines as the final results of the NELSON trial are
still pending. The aim of this paper is to review the most important
published trials on lung cancer screening.
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INTRODUCTION

Lung cancer is considered one of the most common causes of morbidity
and mortality globally'. Even though improvement has been achieved in
treatment modalities (targeted agents, anti-angiogenetic factors and surgi-
cal approach with minimally invasive techniques), it remains the leading
cause of cancer related death for both sexes worldwide.™? It is estimated
that 214,000 new lung cancer cases were diagnosed in Europe in 2012, while
it is anticipated that new cases would be 222,500 in the USA during 2017.2

Survival depends mainly on clinical stage of the disease, histological type
of lung cancer and patient’s performance status. The 5-year survival rate for
non small lung cancer (NSCLC) is about 92% for stage I1A, 36% for those with
II1A and is almost zero for stage IVB.2On the other hand, the 5-year survival
rate for small cell lung cancer (SCLC) is about 31% for localized disease,
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8-19% in case of regional lymph nodes involvement and
is only 2% for extended disease.*

Implementation of a screening program among high-
risk subjects might increase overall survival by increasing
detection of lung cancers in early stages. In general an
ideal screening program should be highly sensitive and
specific, based on simple and safe examinations, cost
effective and easily implemented. The primary endpoint
of a cancer screening program is the reduction of cancer-
related mortality. Important parameters that should be
carefully evaluated are: a) the number of participants
needed to screen in order to prevent a lung cancer death,
b) incidence and management of false positive results,
¢) the surgical-related morbidity/mortality of the detected
cases, d) overdiagnosis (cases of early stage lung cancer
that probably would not reduce survival especially among
the elderly), e) anxiety and stress due to false positives
and f) accessibility and cost.

In Europe there are no official lung cancer screening
recommendations/guidelines. On the contrary, guidelines
were published in the USA in 2014.>"2 Low-dose com-
puted tomography (LDCT) is currently the only proposed
screening method for lung cancer. Undoubtedly the most
important studies are the National Lung Screening Trial
(NLST), which was conducted in the USA and its results
affected nearly all guidelines, and the NELSON trial in Eu-
rope. The aim of this paper is to review the most important
published trials on lung cancer screening.

We searched PubMed and Medline using the keywords:
“Lung cancer” AND“screening” AND “mortality”as an initial
criterion and mainly randomized studies were included
in the present review.

SCREENING WITH CHEST X-RAY AND SPUTUM
CYTOLOGY

Mayo Lung Project: It was a randomized controlled
trial (1971-76) with prolonged follow up after the end
of the trial. The study population included 9,211 males
who underwent: chest x-rays and sputum cytology every
4 months for 6 consecutive years (intervention group) or
advised to perform annual chest x-ray and sputum cytol-
ogy in local healthcare units one (control).” After thirteen
years of follow up there was no difference in lung cancer
and all-cause mortality between groups.™

Memorial Sloan-Kettering study: This was also a random-
ized controlled trial (1974-78, USA)." All participants were
men, current smokers, >45 years, who were randomly as-
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signed to annual chest x-ray plus sputum cytology every
4 months vs annual chest x-ray. There was no significant
difference for mortality rates between groups.'

Prostate, Lung, Colorectal, Ovarian cancer screening
trial (PLCO): The PLCO trial was a randomized controlled
multicentred study in the USA (1993-2001).">'¢ This was
the largest (n=154,901) clinical trial that evaluated the
role of chest x-ray as a screening tool. After thirteen years
of follow up, there was no statistically significant differ-
ence for lung cancer related mortality (RR: 0.99, 95% Cl:
0.91-1.07).151¢

A recent Cochrane meta-analysis exploring the role
of chest x-ray showed that frequent screening with chest
x-ray is accompanied with a trend for increased lung
cancer related mortality (RR: 1.11)."?

SCREENING WITH LDCT

National Lung Screening Trial (NLST): This was the larg-
est randomized, controlled clinical study that evaluated
the usefulness of LDCT as a screening tool and accom-
plished in 33 centers in the USA." In this study, 53,454
participants (both sexes, age: 55-74 years, current/former
smokers, >30 pack-years and quitted <15 years) were
enrolled (8/2002 - 4/2004) and were followed up until
31/12/2009. Participants underwent annual LDCT for
3 years, whereas the control group was screened with
chest x-ray. Any non-calcified nodule of =4mm on LDCT
scans was considered positive/suspicious but no specific
diagnostic/follow-up algorithm was used."”

Lung cancer related mortality was reduced by 20%
in the intervention group (247 vs 309 deaths/100,000
person/year, relative reduction 20%, 95% Cl: 6.8-26.7%,
p=0.004). All-cause mortality decreased by 6.7% (95%
Cl: 1.2-13.6, p=0.02) and this was exclusively attributed
to reduction of lung cancer mortality."” Nevertheless we
should mention that the main disadvantage of this trial
was the high rate of positive screening tests (false posi-
tive results: 96.4% intervention and 94,5% control group).
The number needed to screen in order to prevent one
lung cancer related death was 320. As the initial inclusion
criteria were quite arbitrary a risk-model analysis was
performed. The intervention group was divided into 5
quantities according to a validated prediction model for
a 5-year risk of death because of lung cancer (Q1: 0,15-
0,55%, Q5:>2%).'® Parameters that were incorporated
in this prediction model were: age, body-mass index,
pack-years of smoking, years since smoking cessation,
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TABLE 1. Large RCTs investigating lung cancer screening with LDCT
RCT Sample Inclusion Control Screening  Followup  Positive Lung cancer Main
size criteria group interval result related limitations
for LDCT mortality
NLST 53,454 both sexes, Chest X-ray Annual 5years non-calcified 20% reduction High rate of
(2002) 55-74 years old, >4mm,no  intheLDCT false positive
current/ former specific group tests
smokers diagnostic
>30 pack-years algorithm
and quitted
<15 years
I-ELCAP 31,567 both sexes, >40 no 7-18 months 40 atleast 1 non- nodifference  no specific
(1993) year-old, current/ comparison months calcified solid/  between follow up
former smokers, partly solid baseline program
second-hand nodule >5mm  and annual
smobkers history oranon-solid, screening
of occupational non-calcified
exposure, nodule >8mm
asymptomatic
DANTE 2,472 males, 60-75 Chest X-ray  Annual clinical 4 years - no significant  small sample
(2001) years old, current/ and sputum review difference size
former smokers,  cytology at
>20 pack-years baseline
DLCST 4,104 both sexes, 50-70 Usual care (no Annual 10years >15mmor Nosignificant overdiagnosis
(2004) year old, current/ intervention) those with difference
former smokers rapid growth
MILD 4,099  both sexes, =50 Usual care (no  Annual vs 10 years - no significant -
(2005) year old, current/ intervention) biennial difference
former smokers,
>20 pack-years
ITALUNG 3,206 both sexes, 55-69 Usual care(no Annual 4years  solid 28mm, - overdiagnosis
(2003) year old, current/ intervention) significanr
ex-smokers, growth, new
asymptomatic 3-5mm
LUSI 4,052 both sexes, 50-69 Usual care(no Annual 5years  suspicious: nosignificant  early recall
(2007) year old, current/ intervention) >5mm, difference rates
ex-smokers, >25 significant
of 15 cigarettes/ growth
day
UKLS 4,055 both sexes, 50-75 usual care(no LDCT at 10years  suspicious: - no mortality
(2011) year old, >5% risk intervention) baseline >500mm? rate
according to LLP , part solid investigation
risk model >100 mm?
NELSON 15,822 both sexes, 50-75 Usual care(no PFTs and LDCT - a standard - “healthy user
(2003) year old, current/ intervention)  at baseline, protocol was bias”
former smokers, LDCT after 1,2 developed

>15 cig./d for
>25 years or >10
cig./d for >30
years

and 2,5 years
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the presence of emphysema and first-degree relative
with lung cancer. It was concluded that 88% of the CT-
prevented lung cancer deaths were included in the 60%
of participants who constituted the high risk quintiles
(Q3-Q5) and only 1% of the CT-prevented lung cancer
deaths were detected within the lowest risk quintile (Q1)."”
Concerning the cost-effectiveness, the quality-adjusted
life-year gained was $81,000." However the anticipated
health care cost in Europe would be considerably lower.

International Early Lung Cancer Action Program (I-ELCAP):
The I-ELCAP program was a large scale (n=31,567), multi-
centered, international, uncontrolled study. All participants
were asymptomatic, of both sexes, >40 year-old, current/
former smokers (83%), second-hand smokers (11%), and/
or had history of occupational exposure to asbestos,
beryllium, uranium or radon (5%).2°?2 A baseline positive
result was defined as either the presence of at least one
non-calcified solid/partly solid nodule >5mm or a non-
solid, non-calcified nodule >8mm. Thirteen percent had
positive LDCT scan at baseline evaluation (1993-2005) and
405 of them (9.7%) were diagnosed with lung cancer. The
number of participants with stage | was 412 (85%), while
375 underwent surgical resection with an estimated 10-
year survival rate of 92% in case of resection during the
first month after diagnosis.?® It was actually the precursor
for design and implementation of NLST.

Detection And Screening Of Early Lung Cancer By Novel
Imaging Technology And Molecular Essays (Dante Trial):
This was a randomized controlled trial that performed in
Italy among 2,472 males (60-75 year old), current/former
smokers with =20 pack-years.? Until January 2008 there
was a median follow-up of 33.7 months. Even though
the number of clinical stage | cases was significantly
higher in the LDCT group (33 vs 12, p=0.004), there was
no difference in lung cancer-specific mortality between
the two groups (1.6 versus 1.7%, p=0,84).>* Undoubtedly
an important limitation was the small sample size. A
more recent publication of this trial (8.35 years median
follow-up) showed no significant difference in lung cancer
related mortality.

Danish Lung Cancer Screening Trial (DLCST): The DLCST
trial was a randomized, multicenter, national, government
funded trial.?5?’ A total number of 4,104 individuals (2,267
men) were enrolled in the clinical trial (10/2004-3/2006).
They were current/former (abstinence <10 years, quitted
after the age of 50) smokers aged 50-70 years. Nodules
>15mm or those with rapid growth (volume increase >25%
during a 3 months period or/and volume doubling time
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<400 days) were subjected to further diagnostic workup.?
After an average follow-up of 9.5 years lung cancer-related
mortality (HR: 1,03, 95% Cl: 0,66-1,6; p = 0.888) as well as
overall mortality had no significant difference between
the two groups.”® Lung cancer incidence was higher in
the LDCT group which was attributed to higher number
of early stage cases (stage | and Il: 54 versus 10, p<0,001).
An interesting finding was that smoking prevalence was
reduced in both groups whereas psycho-social conse-
quences were noted to be increased (better psycho-social
profile in the LDCT group).?**

Multi-Centric Italian Lung Detection Trial (MILD): This
was a randomized, controlled, multicentered, national trial
(n=4,099).' Participants were randomized into: annual
screening, biennial and a control group. There was no
difference in lung cancer related mortality rates among
groups.’! There was also no difference between annual and
biennial LDCT screening regarding specificity, sensitivity,
positive and negative predictive values for lung cancer
diagnosis after 7 years of follow-up.??

Italian Lung Cancer CT Screening Trial (ITALUNG): It
was a randomized controlled, multicentered trial that
included 3,206 asymptomatic subjects.?® Lung nodules
were detected among 30.3% at baseline and after 4 an-
nual screening rounds 23 out of 35 lung cancers were
diagnosed at clinical stage I.

German Lung Cancer Screening Interventional Study
(LUSI): This is an ongoing randomized, controlled trial with
4,052 participants.®* Until 4/2014 fifty-eight lung cancer
cases have been diagnosed after 4 completed rounds of
LDCT.There was no difference between groups regarding
overall mortality 3 years after randomization.*

United Kingdom Lung Cancer Screening Trial (UKLS): It
is arandomized controlled trial planning to assess 30,000
individuals in order to evaluate LDCT effectiveness in a
high-risk population.?3° In total, 4,055 individuals were
randomized in the pilot trial.*” The recruitment criteria
were: age: 50-75 years and >5% risk of developing lung
cancer according to a risk prediction model (Liverpool
Lung Project (LLP) risk model v2, available on http://www.
MylungRisk.org.).?® In addition, a nodule management
protocol was developed for the classification of CT find-
ings (size, composition and VDT of nodules).**

Eventually 42 participants (2.1%) were diagnosed with
lung cancer (34 at baseline and 8 at the 12-month scan),
85.7% were classified as clinical stage | or Il and 83.3%
underwent surgical resection.’” Moreover, the baseline
estimate for the incremental cost-effectiveness ratio rela-
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tive to symptomatic presentation was 8,466£ per quality
adjusted life year (QALY).

Dutch Belgian Randomized Lung Cancer Screening Trial
(NELSON): It is the largest European randomized controlled
trial. The primary endpoint is the reduction in lung cancer
mortality and its final results are expected within the next
few years.** With a statistical power of 80% to prove are-
duction in lung cancer related mortality of 20-25% after 10
years of follow-up, 17,300-27,900 participants should be
enrolled.® During the recruitment phase (12/2003-7/2006)
15,822 people of both sexes aged 50-75 years, current/
former smokers (<10 years of cessation, >15 cig./d for
>25 years or >10 cig./d for >30 years) were randomized.
Subjects of the intervention group underwent LDCT at
baseline (first round), after 1 year (2"), 2 years (3') and
2.5 years (4™, 5.5 years after baseline). PFTs were offered
to the intervention group. All participants also received
a quality of life questionnaire. 4

A standard protocol was developed for the evaluation
of the nodules detected in CT scan based its volume,
composition and growth rate.*' Results from the first
three screening rounds showed that 209 participants
were diagnosed with lung cancer: 70.8% of them were at
clinical stage land 51.2% of them were adenocarcinomas.*

After the first three rounds plus an additional 2 years
of follow-up the sensitivity was 84.6% with a negative
predictive value of 99.8% (196 screen-detected and 35
interval cancers).® Interval cancers were generally at a
more advanced stage and most of them were SCLC.*#
Recent results reported that the interval cancers between
the 3 and 4" screenings were significantly more than
those in the intervals of previous rounds (28 versus 5
and 28 versus 19).4

New solid nodules were detected among 11% of the
participants after two screening rounds, 4% of these were
malignant and correlated with nodule’s volume (<27
mm?: low risk, 27-206 mm3: medium, >206 mm?: high).*

Even though the“healthy user bias”was noted (eligible
non responders were younger, more often former smokers
and had higher level of physical exercise and education) it
seems unlikely that these small differences will influence
the generalizability of the NELSON trial.* Importantly
smoking abstinence was more common among controls
even though they had a lower prolonged abstinence rate
compared to intervention (LDCT) group.*” Even though
increase in lung cancer specific distress was noted in
participants who received an indeterminate baseline
result there was no long term impact on health-related
quality of life 484
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CRITICAL ANALYSIS

During the year 2014 the U.S. Preventive Services
Task Force (USPSTF) used modeling studies to predict
the benefits and harms of screening programs that use
different screening intervals, age groups and smoking
histories.>®"" According to their recommendation state-
ment, LDCT lung cancer screening should be annually
performed by adults between the age of 55 and 80 years
who have a 30 pack-year smoking history and currently
smoke or have quit within the past 15 years. Screening
should be discontinued if a person has not smoked for
15 years or develops a health problem that significantly
limits life's expectancy or the ability to undergo treatment
or is unwilling to receive cancer treatment. Centers of
Medicare and Medicaid Services organisation (CMS) cover
the expenses of lung cancer screening with LDCT once
per year for people aged 55-77 years, who are current or
former smokers (>30 pack-years) who have quit smoking
within the last 15 years.’

Furthermore every organization affiliated with diag-
nosis and treatment of lung cancer in the USA (American
Association for Thoracic Surgery'™, American Cancer
Society®!", National Comprehensive Cancer Network®°)
have incorporated the results of NLST trial in their recom-
mendations. The same criteria are suggested from the
Canadian Task Force on Preventive Health Care.>' Recently
the European Society of Radiology in cooperation with
the European Respiratory Society recommend that lung
cancer screening should take place within a clinical trial
or in routine clinical practice at certified multidisciplinary
medical centres.®>>3

In 2017, a European Union position statement on
lung cancer screening was published.>* It presented the
current status of lung cancer screening, emphasizing
on the outcomes of several lung cancer screening trials.
According to the statement, It is crucial that a number
of specific actions need to be adopted before the imple-
mentation of low-dose CT screening (eg risk stratification
approach, detailed offer of information on the benefits
and harms of screening, a smoking cessation program,
use of semi-automatically measured volume and volume-
doubling time for solid nodules, different protocols and
multidisciplinary approach to nodules’ management).

CONCLUSION

Lung cancer is a major public health problem world-
wide. As the survival rates at earlier stages are higher,
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the implementation of a screening program is highly
necessary in order to reduce mortality rate.

The largest and most longstanding trials are the NLST
trial for the United States, which showed a reduction of
20% in lung cancer related mortality and the NELSON
trial for the European Union. Results of the NELSON trial

are still pending in order to provide the scientific basis
for the development of a lung cancer screening program
across Europe. An effective screening program should be
easily accessible, sensitive, specific, cost-effective, with low
percentages of false positive and false negative results.

NEPINHWH
KAwvikég peléteg mpoAnPng Kapkivou tou Mvevpova: Mia BifAloypa@iki avacKomnon
lwavva Toloumpou, Alovioiog Zupdtog, O0dwpog Kovtakiwtng

Mveupovoloyiko Tunua, Aplototélelo Mavemotripio Oecoalovikng,
M..N.“T. Nammavikohdou”, E€oxn, @socalovikn

O kapkivog Tou mveupova Bswpeital pia armo TiG CUXVOTEPES ITiEC voonpdTNTAS Kat BvntdTnTac mayKooui-
w¢. H emBiwon e€aptaral kupiwc amé 1o KAIVIKG 0Tddio TnG vOooU, TOV ICTOAOYIKG TUTTO KAl TN AEITOUPYIKN
katdotaon touv acBevi. H epapuoyn mpoypauudtwy mpoAnync o€ dtoua uPnAou kivduvou low auéroel
TN OUVOAIKY emfiwon uéow avénong tnG EVIOMOonG MEPIMTTWOEWY KAPKIVOU TOU MVEUUOVA MPWILOU OTa-
Siou. evikd éva mpoypauua mpdAnync Ba mpénei va sivai eaipetika evaiobnto kai 161k6, va Baciletal o€
amAég kat aoPaleic eETAOEIS, va éxel KaAr oxéon KOOTouG-opéAoug Kat va gival eUkoAa epapudotuo. H
aéovikn Topoypagia xaunAric 66on¢ (LDCT) gival n uévn tpéxouvoa mpotelvouevn uéBodog mpoAnmtikou
eAéyxou yia kapkivo tou nmveluova. Me Bdon ta amotedéouata tne National Lung Screening Trial (NLST),
mmov 61e€nx0n otic HIMA kai £deiée 20% ugiwon tnG oxeTI{GUEVNG LIE TOV KAPKIVO Tou TTVeUova Bvntétntag,
n Ynnpeoia MpéAnync twv HIA éxel mpoteivel emionuec odnyieg amd to 2014. Stnv Evpwrnn Sev undpyxouv
OUOTAOEIC/08NYIEC OXETIKA UE TNV TPOANYN Tou KapKivou Tou mveluova kabwe Ta TeAikd amotedéouata
™G uerétng NELSON akdun avauévovtal. STéxo¢ Tne mapoloac epyaciag eival n avackormmnon Twy mio on-
UAVTIKWY SNUOCIEVUEVWY UEAETWV OXETIKA LUE TOV TTPOANTTTIKG EAEYXO OTOV KAPKIVO TOU IveUuova.
Mveouwv 2018, 31(3):159-166.

Né€sic - KAsibia: Kapkivog nvebuova, mpéAnyn, aovikn topoypagia xaunAric 86onc, Bvntétnta
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