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The efficacy and cost-effectiveness of low-dose spiral
computed tomography (LDCT) screening in heavy smokers
is currently under evaluation worldwide. Our screening
program started with a pilot study on 1035 volunteers in
Milan in 2000 and was followed up in 2005 by a randomized
trial comparing annual or biennial LDCT with observation,
named Multicentric Italian Lung Detection. This included
4099 participants, 1723 randomized to the control group,
1186 to biennial LDCT screening, and 1190 to annual LDCT
screening. Follow-up was stopped in November 2011,
with 9901 person-years for the pilot study and 17621
person-years for Multicentric Italian Lung Detection.
Forty-nine lung cancers were detected by LDCT (20 in
biennial and 29 in the annual arm), of which 17 were
identified at baseline examination; 63% were of stage I
and 84% were surgically resectable. Stage distribution
and resection rates were similar in the two LDCT arms.
The cumulative 5-year lung cancer incidence rate was
311/100 000 in the control group, 457 in the biennial,
and 620 in the annual LDCT group (P=0.036); lung cancer
mortality rates were 109, 109, and 216/100 000 (P=0.21),
and total mortality rates were 310, 363, and 558/100000,

respectively (P=0.13). Total mortality in the pilot study
was similar to that observed in the annual LDCT arm
at 5 years. There was no evidence of a protective effect
of annual or biennial LDCT screening. Furthermore,
a meta-analysis of the four published randomized trials
showed similar overall mortality in the LDCT arms
compared with the control arm. European Journal of
Cancer Prevention 21:308–315 !c 2012 Wolters Kluwer
Health | Lippincott Williams & Wilkins.
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Introduction
Lung cancer incidence and mortality have constantly
declined during the last three decades in male populations
of Europe and the US, mainly as a consequence of effective
smoking control policies (Jemal et al., 2010; La Vecchia et al.,
2010). This reduction is by far the most important
determinant of the reduction in total cancer mortality
observed for all sites. In the same period, however, the cure
rates for lung cancer have not significantly improved, and
the 5-year survival rate of all detected lung cancers remains
below 15% (Verdecchia et al., 2007).

At the turn of the century, the diagnostic potential of low-
dose spiral computed tomography (LDCT) of the chest
appeared to be a fundamental innovation, capable of
radically changing the prospects of early lung cancer
detection. In the pilot studies by Cornell University in
New York, lung cancer screening with annual LDCT in
heavy smokers was associated with a proportion of re-
sectable stage I lung cancer and long-term survival rates
in excess of 80% [Henschke et al., 1999; The Interna-
tional Early Lung Cancer Action Program Investigators
(I-ELCAP), 2006]. These results led the Early Lung

Cancer Action Project (ELCAP) research group to esti-
mate that LDCT screening in heavy smokers could pre-
vent 80% of lung cancer mortality (I-ELCAP, 2006). A
number of studies have been initiated since, involving
over 60 000 individuals in single-arm and almost 90 000 in
randomized trials, although with significant differences in
the study design (Pastorino, 2010). The first two
published randomized trials provided results that ap-
peared below the expectations: a small Italian trial
showed the same mortality in the CT screening and
observation arms (Infante et al., 2009), whereas the large
US National Lung Screening Trial (NLST) including
53 454 individuals showed a 20% reduction in lung cancer
mortality and a 7% reduction in total mortality in the
3-year annual CT arm compared with the annual chest
radiograph arm (National Lung Screening Trial Research
Team et al., 2011).

Our screening program started in 2000 with a pilot study
that enrolled 1035 volunteers to receive annual LDCT
on a long-term basis, with selective use of PET. The early
results at 3 years were encouraging and proved the
additional diagnostic value of PET in a screening program
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(Pastorino et al., 2003). In 2005, we launched the Multi-
centric Italian Lung Detection (MILD) study, a rando-
mized trial comparing LDCT by annual or biennial
intervals with observation (Marchianò et al., 2009). The
MILD trial also included extensive testing of blood and
tissue biomarkers with predictive and early detection
purposes.

We report here the 5-year follow-up results of the MILD
trial and a historical comparison with the initial pilot
study, in which the annual LDCT program was main-
tained up to 10 years.

Participants and methods
The Multicentric Italian Lung Detection project
The MILD project is an ongoing randomized lung cancer
screening trial of which the primary aim is to evaluate
the impact on mortality of early lung cancer detection
through LDCT at annual or biennial intervals versus no
screening, as well as promoting smoking cessation among
participants and assessing the value of blood and tissue
biomarkers in combination with LDCT (Marchianò et al.,
2009). The MILD project was initially designed as a
multicentric trial, with a planned sample size of 10 000
individuals, a screening period of 10 years, and a total
follow-up of 100 000 person-years. Such a sample size
would be adequate to detect a 30% reduction in lung
cancer mortality in the LDCT arm.

However, the national program faced many difficulties as
a result of lack of funding, limited support from local
authorities, and cultural prejudice: only a few hospitals
from the Lombardy region obtained permission to start
the trial, and recruitment was limited. For these reasons,
the present analysis includes only the individuals enrolled
and screened at the Istituto Nazionale Tumori of Milan.
The study was approved by our Institutional Review
Board and Ethics Committee. The sponsors had no role in
conducting and interpreting the study.

Recruitment strategy, enrollment, and randomization
of participants
Volunteers were recruited from among respondents to
advertisements and articles published in the lay press and
in television broadcasts. All volunteers were assessed for
their eligibility by means of a questionnaire administered
by entry phone/fax/e-mail or web. Eligibility criteria
included age 49 years and above, current or former
smokers (having quit smoking within 10 years of recruit-
ment) with at least 20 pack-years of smoking, and no
history of cancer within the previous 5 years.

Eligible participants were asked to read a detailed infor-
mation sheet and sign a consent form. The participants
were then randomly assigned to two groups: the control
group underwent a program of primary prevention (smok-
ing cessation) with pulmonary function test evaluation
and blood sample collection, and the early detection

group underwent the same program with the addition of
LDCT. Centralized stratified randomization was accom-
plished by the use of blocks of variable size. The list of
randomization was stratified by reference center, age
(up to 65 years or older), and duration of smoking (more
or less than 40 years). The group randomized to receive
LDCTwas further randomized to receive LDCTevery 12
months (annual) or every 24 months (biennial).

Participants were then contacted to set up an appoint-
ment at the Early Detection Clinic, where they under-
went clinical examinations according to the randomization
arm and were administered a questionnaire including a
detailed information on smoking history, personal and
family medical history (cancer, cardiovascular, and respira-
tory diseases including chronic bronchitis, emphysema,
and asthma), and information about attempts to stop
smoking.

Low-dose spiral computed tomography and diagnostic
workup
Multidetector CTwas performed using a 16-detector-row
CT system (Somatom Sensation 16; Siemens Medical
Solutions, Forchheim, Germany). All CT examinations of
the whole lung were conducted during one deep inspi-
ratory breath-hold without the use of a contrast medium.
The CT system was regularly calibrated to allow reliable
measurements and comparison between examinations.
Standard LDCT parameters were as follows: 120 kV,
30mAs, 0.75mm collimation, gantry rotation time 0.5 s,
pitch 1.5. The MDCT data were reconstructed for the
detection of pulmonary nodules. One-millimeter-thick
sections with a reconstruction increment of 1mm and a
sharp kernel (Siemens B50 kernel, Siemens Medical
Solutions) were used for the study. Axial, coronal, and
oblique reformations (with a section width of 1mm and a
reconstruction increment of 1mm) were independently
evaluated by two trained radiologists, of whom one took
the software-automated volume measurements (Lung-
Care; Siemens Healthcare, Forchheim, Germany). In the
event of a disagreement, a third radiologist was consulted.

Information on a maximum of four pulmonary nodules –
excluding completely calcified nodules – was recorded for
each CT examination. We considered solid lesions with a
volume of less than 60mm3 (diameter of 4.8mm or
greater) nonsuspicious and scheduled repeat LDCT at 1
or 2 years. Nodules with a volume of 60–250mm3 (about
5–8mm in diameter, respectively) underwent repeat CT
examination after 3 months. Participants with nodules
greater than 250mm3 were referred for additional work-
up, including fluorine 18-fluorodeoxyglucose PETor lung
biopsy. We adopted a computer-aided detection volu-
metric growth of 25% or higher after a 3-month interval as
the threshold indicative of malignant growth (Pastorino,
2010). No further evaluation was required until the next
follow-up for nodules showing no growth.
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Participants and follow-up
We enrolled a total of 4099 participants from September
2005 to January 2011. Of them, 1723 were randomized
to the control group and 2376 to the LDCT group:
1190 were assigned to screening with annual LDCT and
1186 with biennial LDCT. They were followed up until
November 2011 through active telephone follow-up and
record linkage with the Cancer Registry Office database of
Lombardy, which traced the vital status of all participants
blindly, without knowing the random allocation.

For deceased participants, we obtained the death certif-
icate from the Istituto Nazionale di Statistica (ISTAT).
Information was missing from active telephone follow-up
and Lombardy Cancer Registry Office database for two
participants only, and they were censored at the last
available date, thus leaving 4097 individuals (99.9%) for
long-term analysis.

Historical comparison with the first pilot study
We also analyzed data from an update of the first pro-
spective study started in 2000 at the European Institute
of Oncology (IEO, pilot cohort). This included 1035
individuals aged 50 years or older who had smoked at
least 20 pack-years (Pastorino et al., 2003). All participants
underwent annual LDCT (single-detector-row), with or
without PET, for 10 years, and were followed up until
January 2011 through record linkage with the Lombardy
Cancer Registry Office. For three of them follow-up was
incomplete, thus leaving 1032 individuals (99.7%) for
long-term analysis.

Statistical analysis
Statistical analysis was performed at an independent
research center, the Istituto Mario Negri of Milan. The
primary endpoints were lung cancer and total mortality,
and the secondary endpoints were lung cancer incidence
and the number of procedures for benign lung diseases.
Cumulative incidence of lung cancer and cumulative
mortality from lung cancer and all causes were obtained as
1 minus the Kaplan–Meier estimator (Parmar and
Machin, 1995). Differences among the three arms were
assessed by means of the log-rank test. Hazard ratios
(HR) and the corresponding 95% confidence intervals
(CIs) were estimated using Cox proportional hazard
models. All analyses were based on intention to screen.

Results
Table 1 gives the distribution of the three arms according
to selected covariates at baseline. Age and gender were
comparable in the three arms: 66.3% were men and 85.4%
were younger than 65 years. The proportion of current
smokers was higher in the control arm (89.7%) than in the
LDCT arms (68.6%).

The median duration of follow-up was 4.4 years, with a
maximum duration of 6 years for each group. The rate of

adherence to the screening protocol was 95.1% in the
biennial and 96.1% in the annual LDCT group.

A total of 9477 LDCTs were performed: 3763 in the bien-
nial and 5714 in the annual LDCT arm. Participants who
underwent at least one CTscan were 1149 in the biennial
and 1152 in the annual LDCT group, with a median
number of CTs of three in the biennial and five in the
annual LDCT group. At baseline LDCT, 158 participants
in the biennial and 177 in the annual LDCT group were
considered positive or suspicious for lung cancer and
required further evaluation, corresponding to a recall rate
of 14 and 15%, respectively.

Thirty-four PETs were performed in the biennial and
49 in the annual LDCT group, corresponding to 2% of
all participants and 0.9% of all LDCTs. Two participants
in each group underwent surgery for detected benign
nodules, representing 9% of all surgical procedures (4/45).

A total of 49 lung cancers were detected by LDCT
screening, 20 in the biennial and 29 in the annual LDCT
arm; 17 of them were detected at baseline examination
(6 and 11 cases, respectively).

Table 2 shows selected characteristics of CT-detected lung
cancers. Stage distribution and resection rates were similar in
the two arms. Sixty-three percent of cancers were detected
in stage I (70.0% in the biennial and 62% in the annual
LDCT group, P=0.53). The proportion of advanced disease
(stage III–IV) was 25% in the biennial and 31% in the annual
LDCT group. Resectability was 84% overall (85 vs. 83%,
respectively), and the vast majority of patients were treated
with lobectomy. Adenocarcinoma was the most frequent
histology (65% overall; 85% in biennial and 52% in annual
LDCT); other histologies, particularly squamous cell
carcinoma, were more frequent in the annual than in the
biennial LDCT arm (15 vs. 48%, P=0.016).

A total of 20 lung cancers were diagnosed in the control
group, 25 in the biennial and 34 in the annual LDCT
groups (Table 3). The cumulative lung cancer incidence
rate was 310.9/100 000 in the control group, 457.0 in the
biennial, and 620.2 in the annual LDCT group. The
number of interval lung cancers, not detected by screen-
ing, was the same in the two LDCT arms (five each).
Deaths from lung cancer were 7, 6, and 12, respectively.
Lung cancer mortality rates were 108.5/100 000 in the
control, 108.8 in the biennial, and 216.0 in the annual
LDCT groups. There were a total of 20 deaths in the
control group as compared with 20 in the biennial and 31
in the annual LDCT groups. Total mortality rate was
310.1/100 000 in the control group, 362.5 in the biennial
LDCT, and 557.9 in the annual LDCT.

Figure 1 shows the 5-year cumulative lung cancer inci-
dence in the three arms. We found a significant differ-
ence between them (P=0.036). In particular, there was
an excess diagnosis in the LDCT groups in relation to the
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control group (P=0.025) but not in the annual versus
biennial LDCT groups (P=0.24).

Figure 2 considers lung cancer mortality. There was
no significant difference among arms (P=0.21), and
the HR was 1.52 (95% CI 0.63–3.65) when the two
LDCT arms were together compared with the control
group. After adjustment for age and smoking, the HR was
1.64 (95% CI, 0.67–4.01).

Figure 3 gives corresponding information for total mortal-
ity. There was no difference across groups (P=0.13), and
the HR was 1.39 (95% CI 0.83–2.34) when comparing the
two LDCT arms together with the control group. After
adjustment for age and smoking, the HR was 1.40 (95%
CI, 0.82–2.38).

Figure 4 compares the cumulative total mortality between
the annual LDCT arm of the MILD trial and the partic-
ipants of the first pilot study conducted at the IEO, who
underwent LDCT every year for 10 years and were
followed up for 10 years for a total of 9901 person-years at
risk. The two curves were virtually identical during the
first 5 years of follow-up. The long-term follow-up of this
pilot cohort showed a trend to increased mortality: from
387.6/100 000 at 1 year, to 1387.5/100 000 at 5 years, to
2590.0/100 000 at 10 years, consistent with aging of the
cohort (from a median of 58 to 68 years).

Discussion
When the MILD trial was designed in 2004, there was little
doubt among clinical oncologists about the efficacy of
LDCT screening. A significant difference existed, however,
in the estimated magnitude of the benefit, with speculations
ranging from 20 to 80% reduction of lung cancer mortality to
be expected as a consequence of systematic screening of
heavy smokers. Flooded by information through newspapers
and television, Italian smoking volunteers were eager to be
tested by LDCT and reluctant to enter the control arm of
any randomized trial. Thus, we had initially to propose a
randomized comparison between two screening modalities:
annual versus biennial LDCT. Only when this study had
been approved and funded did we put forward the addition
of an observational control arm. This explains the lower

Table 1 Selected baseline characteristics of 4099 Multicentric
Italian Lung Detection participants by study arm

Group [N (%)]

Control
(N=1723)

Biennial CT
(N=1186)

Annual CT
(N=1190)

Age (years)
<55 656 (38.1) 379 (32.0) 394 (33.1)
55–59 478 (27.7) 363 (30.6) 338 (28.4)
60–64 359 (20.8) 261 (22.0) 274 (23.0)
65–69 174 (10.1) 143 (12.1) 134 (11.3)
Z70 56 (3.3) 40 (3.4) 50 (4.2)
Median 57 58 57

Sex
Male 1090 (63.3) 813 (68.5) 814 (68.4)
Female 633 (36.7) 373 (31.5) 376 (31.6)

Smoking status (smokers)
Former

smokers
177 (10.3) 376 (31.7) 370 (31.1)

Current
smokers

1546 (89.7) 810 (68.3) 820 (68.9)

Duration of smoking (years)
<30 140 (8.1) 98 (8.3) 102 (8.6)
30–39 856 (49.7) 584 (49.2) 604 (50.8)
40–49 619 (35.9) 442 (37.3) 412 (34.6)
Z50 108 (6.3) 62 (5.2) 72 (6.1)

Cigarettes per day (N)
< 20 568 (33.0) 282 (23.8) 262 (22.0)
20–29 731 (42.4) 614 (51.8) 619 (52.0)
30–39 241 (14.0) 141 (11.9) 142 (11.9)
Z40 183 (10.6) 149 (12.6) 167 (14.0)

Pack-years of cigarettes
Median 38 39 39

FEV1 (% predicted)a

<90 330 (19.2) 328 (27.7) 336 (28.2)
Z90 1031 (59.8) 821 (69.2) 814 (68.4)

CT, computed tomography.
aThe sum does not add to the total because of missing values.

Table 2 Selected characteristics of 49 computed tomography
screen-detected lung cancers in the Multicentric Italian Lung
Detection study during 5-year follow-up by the low-dose spiral
computed tomography arm

Group [N (%)]

Lung cancers
Biennial CT
(N=20)

Annual CT
(N=29)

Total
(N=49)
[N (%)]

P-
values

Sex
Male 18 (90.0) 22 (75.9) 40 (81.6)
Female 2 (10.0) 7 (24.1) 9 (18.4) 0.21

Histotype
Carcinoma NOS 1 (5.0) 2 (6.9) 3 (6.1)
Squamous cell

carcinoma
1 (5.0) 10 (34.5) 11 (22.4)

Adenocarcinomaa 17 (85.0) 15 (51.7) 32 (65.3)
Large cell carcinoma 1 (5.0) 2 (6.9) 3 (6.1) 0.081

Stage
IA 11 (55.0) 17 (58.6) 28 (57.1)
IB 3 (15.0) 1 (3.4) 4 (8.2)
IIA – 1 (3.4) 1 (2.0)
IIB 1 (5.0) 1 (3.4) 2 (4.1)
IIIA 1 (5.0) 4 (13.8) 5 (10.2)
IIIB 1 (5.0) – 1 (2.0)
IV 3 (15.0) 5 (17.2) 8 (16.3) 0.53

Resection
None 3 (15.0) 5 (17.2) 8 (16.3)
Lobectomy 16 (80.0) 20 (69.0) 36 (73.5)
Segmentectomy 1 (5.0) 4 (13.8) 5 (10.2) 0.57

CT, computed tomography; NOS, not otherwise specified.
aP-value for w21¼0:016 for adenocarcinoma vs. others.

Table 3 Lung cancer incidence and mortality, and all-cause
mortality per 100 000 person-years in the Multicentric Italian Lung
Detection study at 5-year follow-up, by study arm

Group

Control Biennial CT Annual CT

N Rate N Rate N Rate

Person-years (incidence) 6432.9 5470.9 5481.9
Person-years (mortality) 6449.5 5516.8 5556.7
Lung cancer incidence 20 310.9 25 457.0 34 620.2
Lung cancer deaths 7 108.5 6 108.8 12 216.0
Total deaths 20 310.1 20 362.5 31 557.9

CT, computed tomography.

Annual or biennial CT screening for lung cancer Pastorino et al. 311

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



number in the control group. The debate was so strong that
it took a few months and four consecutive meetings of our
institutional Ethics Committee to get the new design

approved in 2005. All these elements together jeopardized
the development and funding of the planned Italian
multicentric trial.

Fig. 1
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Cumulative lung cancer incidence for the control group, biennial group, and annual low-dose computed tomography (CT) groups of the Multicentric
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Since then, the perception has substantially changed,
and most clinicians are now convinced that the benefit
of LDCT screening, if real, is small (Bach et al.,

2007; Bach, 2008). In this view, the MILD trial now
appears underpowered and unable to detect differences
in the order of 10% or less. Nevertheless, there are

Fig. 3

0.00

0.01

0.02

0.03

0.04

0.05

1190 1185 1161 1135 1086 473Annual CT
1186 1179 1160 1143 1089 394Biennial CT
1723 1681 1464 1340 1032 121Control

Number at risk

0 1 2 3 4 5
Analysis time

Control Biennial CT Annual CT
P = 0.13

Cumulative all-cause mortality for the control group, biennial group, and annual LD computed tomography (CT) groups of the Multicentric Italian Lung
Detection study during 5-year follow-up.

Fig. 4

0.00

0.05

0.10

0.15

1190 1185 1161 1135 1086 473Annual CT
1032 1028 1024 1019 1009 995 984 975 952 938 434IEO

Number at risk

0 1 2 3 4 5 6 7 8 9 10
Analysis time

IEO Annual CT
P = 0.33

Cumulative all-cause mortality for the European Institute of Oncology (IEO) cohort and the annual LDCT group of the Multicentric Italian Lung
Detection study during 10-year follow-up.

Annual or biennial CT screening for lung cancer Pastorino et al. 313

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



peculiar aspects and useful information in this trial that
cannot be provided by any of the other ongoing studies.

First, the MILD trial confirmed the value of selective use
of PET, in addition to automated measurement of volume
changes through the Lung-Care software, for the
diagnostic workup of suspicious nodules (Pastorino et al.,
2009). In fact, one of the major side effects of LDCT
screening, that is, the frequency of surgical procedures for
benign disease, was only 9% in the MILD trial, compared
with 27% in the concurrent Nelson trial, which applied a
diagnostic algorithm based only on volumetric assessment
of growth at LDCT (Van Klaveren et al., 2009).

The second element consists of the relative efficacy of a
different screening intensity. Our observation that lung
cancer incidence was higher in the annual than in the
biennial LDCT arm, without any shift to higher stages
in the biennial arm (which could be anticipated in the case
of late detection), provides additional evidence of over-
diagnosis. The discrepancy in lung cancer incidence among
the three arms was somewhat mitigated by our policy of
conservative management of ground-glass opacities (GGOs).
In fact, in the MILD trial, pure GGOs have never been
biopsied or resected, despite increase in size, unless they
developed a solid component within the lesion. This policy
may also explain the lower frequency of adenocarcinomas
(65%) and the extreme rarity of in-situ adenocarcinoma
(former bronchioloalveolar carcinoma) in the MILD trial
compared with other LDCTscreening experiences (Vazquez
et al., 2008; Pastorino, 2010). It is noteworthy that no
advanced lung cancer, interval cancer, or cancer death
occurred in the group of participants with GGO. The lower
incidence of squamous carcinomas in the biennial LDCT
arm (1 vs. 10 cases, P=0.015) also suggests that some of
these lesions undergo spontaneous regression if not resected.

Even though the total number of deaths is small, and none
of the observed differences reaches statistical signif-
icance, lung cancer and total mortality were, if anything,
apparently higher in the annual LDCTarm compared with
the control arm. Similarly, the 5-year results of the Danish
trial (DLCST) have been presented recently, comparing
five rounds of annual LDCT versus observation in a similar
population (4104 individuals) (Saghir et al., 2011). That
trial did not find lower lung cancer mortality in the LDCT
arm (15 vs. 11, P=0.428) and showed a borderline
significant excess of total mortality (61 vs. 42, P=0.059).
If the results of the MILD and DLCST trials are pooled
together, the detrimental effect of LDCT screening on
total mortality becomes statistically significant (112 vs. 62
deaths, P=0.005). Moreover, the protective effect of
LDCT on total mortality, shown by the NLST trial,
disappears with a pooled analysis of the four published
trials [Dante (Infante et al., 2009), NLST (National Lung
Screening Trial Research Team et al., 2011), MILD, and
DLCST (Saghir et al., 2011); 2028 vs. 2083 deaths, relative
risk 0.95, 95% CI 0.89–1.02)]. The effect on lung cancer

mortality remains significant (relative risk 0.82, 95% CI
0.73–0.93) but the value of disease-specific mortality as the
only endpoint appears questionable for two reasons: the
assessment of the real cause of death can be very difficult
in heavy smokers because of complex comorbidity; a shift
in the cause of death from one disease to another is
frequent in screened populations and hence potentially
misleading. In any case, this would be a trivial goal in a
population in which primary prevention (smoking cessa-
tion) would be effective against most causes of death.

A third piece of original information is related to the
duration of screening, captured by the long-term analysis
of our pilot trial started in 2000. To our knowledge, this is
the first study in which LDCT was performed annually
for 10 years and follow-up information was obtained for
99.7% of participants. The equivalence in 5-year mortality
of the pilot study and the annual LDCTarm of the MILD
trial is reassuring and excludes any potential selection
bias as a cause of the higher mortality observed in the
MILD population. Further, the slope of the whole curve
is more important in the assessment of screening efficacy.
In fact, it has been postulated by the ELCAP research
team that a 3-year intervention plan, such as in the
NLST trial, would determine an initial fall in mortality,
followed by a new increase in mortality after suspension
of screening (Henschke et al., 2011). The constant
increase in mortality, in the absence of any change in
slope, that we observed in our prolonged screening cohort
is against such a hypothesis and does not suggest any
protective effect of long-term screening. In fact, mortality
increased from 0.4% in the first year to 2.6% in the 10th
year, despite annual LDCT investigation throughout this
period, and the observed cumulative mortality rate of 10%
at 10 years is comparable to the expected and for this
cohort in the absence of screening.

The NLST trial has been successful in terms of recruit-
ment rate, compliance, and quality of participating cen-
ters. Future analyses will clarify important elements such
as side effects and costs of screening and impact of cur-
rent smoking on the final outcome. All these data are
crucial for the evaluation of screening in a preventable
disease. There are, however, two limiting factors to be
considered: (a) the trial does not include a proper control
arm; instead, it compares two screening modalities such
as 3-year annual LDCT versus 3-year chest radiograph;
(b) early stopping of the trial may well overestimate the
real effect of intervention (Bassler et al., 2010).

The European trials have a proper observational control
arm but are underpowered. The only way to circumvent
this problem will be a pooled analysis that would reach
the reasonable size of 33 000 individuals and might be
feasible in less than 2 years from now.

Beyond the specific question of mortality reduction, a
decade of clinical research on LDCT screening has
markedly changed our knowledge of the natural history
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and biology of lung cancer. In fact, collateral studies of the
MILD project have provided new insight into the genetic
determinants of tobacco addiction (Falvella et al., 2010),
chronic obstructive pulmonary disease (Calabrò et al., 2010),
and coronary calcification (Sverzellati et al., 2012) as
independent risk factors for lung cancer, frequency of
interstitial lung disease (Sverzellati et al., 2011) and
bronchial diverticula (Sverzellati et al., 2010), and the value
of tissue and blood biomarkers (Roz et al., 2009; Sozzi et al.,
2009; Cremona et al., 2010). After 15 years of extensive
research on circulating DNA (Sozzi et al., 1999, 2003, 2005),
we could demonstrate that microRNA signatures in plasma
can not only detect lung cancer 2 years earlier than LDCT,
but also predict the aggressiveness of disease and distinguish
indolent from lethal cancers (Boeri et al., 2011). Such a
discovery will help clarify why the most virulent forms of
lung cancer elude LDCT screening (Early warnings, 2009),
and will open new perspectives in the early detection and
management of lung cancer (Sozzi et al., 2011).
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