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Lung cancer screening with low-dose spiral computed
tomography: evidence from a pooled analysis of two Italian
randomized trials
Maurizio Infantea, Stefano Sestinib, Carlotta Galeonee, Alfonso Marchianòc,
Fabio R. Lutmang, Enzo Angelij, Giuseppina Calaresoc, Giuseppe Pelosif,
Gabriella Sozzid, Mario Silvak, Nicola Sverzellatik, Silvio Cavutol,
Carlo La Vecchiae, Armando Santoroh, Marco Alloisioi and Ugo Pastorinob
The benefits and harms of lung cancer (LC) screening with
low-dose computed tomography (LDCT) are debatable.
Positive results from the US National Lung Screening Trial
were not evident in the European trials, possibly due to their
smaller sample sizes. To address this issue, we conducted a
patient-level pooled analysis of two Italian randomized
controlled trials. Data from DANTE and MILD trials were
combined for a total of 3640 individuals in the LDCT arm and
2909 in the control arm. LC and overall mortality were
analyzed using multivariate hazard ratios (HRs) and logrank tests stratified by study. The median follow-up was
8.2 years, with a total of 30 480 person-years in the LDCT
arm and 22 157 in the control arm. A total of 192 patients
developed LC in the LDCT arm and 105 in the control arm.
Half of the LC cases in the LDCT arm had stage IA or IB
cancer, as compared with 21% in the control arm. Overall
mortality rates/100 000 person-years were 925 in the LDCT
arm and 1074 in the control arm, and LC mortality rates were
299 and 357, respectively. The multivariate pooled overall
mortality HR was 0.89 (95% confidence interval: 0.74–1.06)
and the LC mortality HR was 0.83 (95% confidence interval:
0.61–1.12) for the LDCT arm as compared with the control

Introduction
Lung cancer (LC) is the leading cause of cancer mortality,
accounting for 28% of all cancer-related deaths in men and
26% in women in the USA (Siegel et al., 2014). The corresponding proportions in the European Union were 25
and 15% in 2015 (Malvezzi et al., 2015). According to
projections of global mortality, in 2030 LC will be the third
leading cause of death in high-income countries and the
sixth worldwide (Mathers and Loncar, 2006). LC mortality
has shown a downward trend in both US men and women,
but only in men in most of the European countries. This
reflects a pattern of tobacco consumption in subsequent
generations of American (Meza et al., 2015) and European
(Malvezzi et al., 2013; Rosso et al., 2015) men and women,
and confirms that tobacco control is essential for reducing
Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF versions of this
article on the journal's website (www.eurjcancerprev.com).
0959-8278 Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

arm. The present pooled analysis shows a nonsignificant
11% reduction in overall mortality in individuals undergoing
LDCT screening as compared with the control arm. A pooled
analysis of all European trials would be a useful contribution
to assess the real benefit of LDCT screening. European
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LC incidence (Bray and Weiderpass, 2010) in low-dose
computed tomography (LDCT) screening volunteers
(Pozzi et al., 2015). Even if heavy smokers remain at high
risk of LC after quitting, the overwhelming mortality for
cardiovascular disease rapidly drops.
Despite important advances in clinical care and diagnostic imaging (De Angelis et al., 2014), most LC patients
are diagnosed with advanced-stage disease, with poor
prognosis. Conversely, in early stage (IA) LC, 5-year
survival is over 70%, and hence advances in early
detection are crucial to enable curative surgery (Crino
et al., 2010; Vansteenkiste et al., 2013).
To date, the benefits, harms, and challenges of potential
practical implementation of larger-scale LC screening
with LDCT, including financial burden, remain at least
in part undefined (Pastorino, 2010; Bach et al., 2012;
Manser et al., 2013; Morere et al., 2015).
DOI: 10.1097/CEJ.0000000000000264
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The National Lung Screening Trial (NLST) based on
either LDCT (n = 26 722 participants) or single-view
posteroanterior chest radiography (n = 26 732) reported a
7% overall mortality reduction with LDCT screening in
high-risk individuals, as compared with the radiography
control group (Aberle et al., 2011). However, three small
European trials showed no reduction in LC mortality
through screening (Pastorino et al., 2012; Infante et al.,
2015; Wille et al., 2015).
Plausible reasons for such inconsistent results have been
previously discussed in several reviews (Humphrey et al.,
2013; Pastorino, 2013; Tammemagi and Lam, 2014; Cui
et al., 2015), and include differences in the characteristics
of individuals enrolled in European studies, and the
limited power of each single trial to detect a real benefit.
We therefore conducted, for the first time, a patient-level
pooled analysis of the two Italian randomized controlled
trials (RCTs) with a long-term follow-up.

Patients and methods
The present pooled analysis includes patient-level data
derived from the Detection And screening of early LC
with Novel imaging TEchnology and molecular assays
(DANTE) study and the Multicentric Italian Lung
Detection (MILD) study, for a total of 3640 participants
in the LDCT arm and 2909 in the control arm. Details of
these screening programs have been reported elsewhere
(Infante et al., 2008, 2009, 2015; Pastorino et al., 2012) and
are described here in brief.
The DANTE study started in 2001, coordinated by the
Humanitas Research Hospital of Milan (Infante et al.,
2008, 2009, 2015). Based on a reduction in mortality by
50% in the LDCT arm, a sample size of 2400 volunteers
was planned. A total of 2450 participants were prospectively enrolled and randomized to the control arm
(undergoing yearly clinical review only, with chest radiography in case of respiratory complaints and/or abnormal
findings, n = 1186) or the LDCT arm (receiving LDCT
every year, n = 1264) between March 2001 and February
2006. Eligibility criteria included being male, aged
60–74 years, being a current or former heavy smoker with
a smoking history of at least 20 pack-years, and no history
of cancer within the previous 10 years. The follow-up
cutoff date for the present analysis was 15 May 2013.
The MILD study started in 2005 at the ‘Istituto
Nazionale dei Tumori’ of Milan (Pastorino et al., 2012).
Initially, the study protocol was based on a multicentric
recruitment and included a sample size of 10 000 volunteers with an active screening program of 10 years corresponding to a total target of 100 000 person-years to
detect a reduction by 30% in LC mortality in the intervention arm. However, several practical issues arose,
including limited funding and support from local authorities, which restricted the recruitment to a few centers
only. Therefore, this analysis is based on a total of 4099

participants (2717 men and 1385 women) prospectively
enrolled and randomized to the control arm (receiving
smoking cessation advice only, n = 1723) or the LDCT
arm (n = 2376) between September 2005 and January
2011 at Istituto Nazionale Tumori of Milan. The participants of the LDCT arm were initially randomized to
receive annual (n = 1190) or biennial (n = 1186) LDCT.
After 6 months of debate, the ethics committee approved
the randomization to an observational arm, and this delay
accounts for the excess of 653 participants in the two
LDCT arms compared with the control group. Eligibility
criteria included age 49 years and above, being current or
former smokers with a smoking history of at least 20
pack-years, and no history of cancer within the previous
5 years. Active follow-up was conducted through telephone and record linkage with national and regional
administrative databases, which blindly trace the status of
all participants. For the present analysis, all participants
were followed up until February 2015. Both annual and
biennial LDCT arms of the MILD trial were included in
the present pooled analysis, as the overall mortality and
LC mortality at 8 years were similar (P for log-rank test
equal to 0.23 and 0.70, respectively; data not shown).
Both studies were approved by the competent ethics
committees.

Statistical analysis

We considered three different endpoints: LC incidence;
LC mortality; and all-cause mortality. For the first endpoint, time to event was calculated until the date of
diagnosis of LC (failure), the date of death (censored), or
the date of last follow-up (censored). For the second
endpoint, time to event was calculated until the date of
LC-related death (failure), the date of death from causes
other than LC (censored), or the date of last follow-up
(censored). For overall mortality, the survival time of
patients was censored at the date of last follow-up.
Survival curves were estimated using the Kaplan–Meier
method and were compared using the log-rank test, also
stratified by study (Xie and Liu, 2005). Hazard ratios
(HRs) of LC and overall mortality, and the corresponding
95% confidence intervals (CIs), were estimated using
Cox’s proportional hazard models, including terms for
study, sex, age, pack-years of cigarette smoking, and
forced expiratory volume in 1 s (FEV1) (Cox, 1972). As
participants were independently randomized in each
separate study, all the analyses were adjusted for study,
as in any pooled analysis, to account for any possible
modifying effect. All tests were two-sided and a P-value
less than 0.05 was taken as statistically significant.
Statistical analyses were performed using SAS 9.2 (SAS
Institute, Cary, North Carolina, USA) and the figures
were obtained using STATA 11.0 (StataCorp LP,
College Station, Texas, USA) statistical software.
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Results
The baseline characteristics of 6549 LC screening participants are reported in Table 1. There were 3640 participants in the LDCT arm and 2909 in the control group.
Most of them were male (79% in the LDCT arm and
78% in the control group), 52% of participants in both
arms were 60–69 years old, and 64% in the LDCT arm
and 74% in the control group were current smokers, with
a median of 40 pack-years in the LDCT arm (interquartile range = 22) and 39 pack-years in the control arm
(interquartile range = 24). The median follow-up period
was 8.2 years (8.4 in the LDCT arm and 7.8 in the control
group), for a total of 52 637 person-years of observation
(30 480 in the LDCT arm and 22 157 in the control
group).
Table 2 gives LC and total mortality in the LDCT group
and control group in strata of selected covariates. A total
of 297 patients developed LC, 192 (65%) in the LDCT
arm and 105 (35%) in the control group. The corresponding 8-year cumulative LC probability was 5.2%
(95% CI: 4.5–5.9) and 3.7% (95% CI: 3.0–4.5), respectively. Overall, 136/192 (71%) LC cases in the LDCT
arm were diagnosed by the LC screening program
(Table 2). Half of the LC cases in the LDCT arm had
stage IA or IB cancer, as compared with 21% in the
control group. Adenocarcinoma was the most frequently
detected LC histotype in both arms, 49% in the LDCT
arm and 28% in the control group. Corresponding information from the two Italian studies is reported separately
in Supplementary Table 1 (Supplemental digital content
1, http://links.lww.com/EJCP/A73).
Causes of death, all-cause mortality, and LC mortality rates
of the pooled analysis are reported in Table 2. A total of 520
deaths from any cause were observed in the pooled analysis,
282 (54%) in the LDCT arm and 238 (46%) in the control
group. More than 60% of deaths were due to neoplastic
conditions, in both study arms. A total of 170 LC deaths
were observed and the corresponding overall proportion,
around 30%, was similar in the pooled LDCT and control
arms. Similar results were observed, separately, in the two
Italian studies (Supplementary Table 1, Supplemental
digital content 1, http://links.lww.com/EJCP/A73). The pooled
Baseline characteristics of lung cancer-screening
participants in the pooled analysis (Italy, 2001–2011)

Table 1

Pooled analysis

Number of participants
Age (years) [N (%)]
≤ 60
> 60
Median (IQR)
Male [N (%)]
Current smokers [N (%)]
Pack-years [median (IQR)]

LDCT arm

Control arm

All

3640

2909

6549

1766
1874
61
2890
2344
40

(48.5)
(51.5)
(10)
(79.4)
(64.4)
(21.8)

1392
1571
61
2277
2164
39

(47.8)
(52.2)
(10)
(78.3)
(74.4)
(24.5)

IQR, interquartile range; LDCT, low-dose computed tomography.

3158
3391
61
5167
4508
39.1

(48.2)
(51.8)
(10)
(78.9)
(68.8)
(22.8)

Table 2 Lung cancer detection modality, stage and histology, cause
of death, and corresponding all-cause and lung cancer-specific
mortality rates (/100 000 person-years) in the pooled analysis (Italy,
2001–2011)
Pooled analysis

Number of participants
Person-years FU
Total patients with LC
Total deaths
Mode of detection
Screen detected
Interval cancer
Stage
IA
IB
II
Othera
Histotype
Adenocarcinoma
Squamous cell carcinoma
Othera
Cause of death
Cancer of the lung
Cancer of other organs
Otherb
All-cause mortality
Rate/100 000 person-years
Lung cancer mortality
Rate/100 000 person-years

LDCT arm (%)

Control arm (%)

All (%)

3640
30 480
192
282

2909
22 157
105
238

6549
52 637
297
520

136 (70.8)
56 (29.2)

10 (9.5)
95 (90.5)

146 (49.2)
151 (50.8)

12
10
7
76

80
33
18
166

68
23
11
90

(35.4)
(12.0)
(5.7)
(46.9)

(11.4)
(9.5)
(6.7)
(72.4)

(26.9)
(11.1)
(6.1)
(55.9)

95 (49.5)
41 (21.4)
56 (29.1)

29 (27.6)
22 (21.0)
54 (51.4)

124 (41.8)
63 (21.2)
110 (37.0)

91 (32.3)
95 (33.7)
96 (34.0)

79 (33.2)
75 (31.5)
84 (35.3)

170 (32.7)
170 (32.7)
180 (34.6)

925

1074

988

299

357

323

FU, follow-up; LC, lung cancer; LDCT, low-dose computed tomography.
a
Including missing values (22 stage and 33 histotype).
b
One patient died of disseminated cancer of unknown origin, and one died of
unknown causes in a foreign country.

all-cause mortality rates were 988/100 000 in overall participants, 925/100 000 in the LDCT arm, and 1074/100 000 in
the control group. Corresponding rates for LC mortality
were 323/100 000, 299/100 000, and 357/100 000,
respectively.
Figure 1 gives the cumulative probability of death from
all causes (a) and from LC (b). The Supplementary
Figure (Supplemental digital content 2, http://links.lww.
com/EJCP/A74) gives the cumulative probability of death
from all causes separately in former and current smokers
at baseline. In current smokers, the reduction in overall
mortality was apparently somewhat stronger, but the
difference was not significant.
The multivariate pooled HR of overall mortality was 0.89
(95% CI: 0.74–1.06) in the LDCT group as compared
with the control group (Table 3). The corresponding HR
of LC mortality was 0.83 (95% CI: 0.61–1.12). Results
were not materially different across strata of selected
covariates, including age, FEV1, pack-years, and smoking
status at baseline (Table 4).
Overall mortality and LC-specific mortality were also
evaluated in selected subsets of individuals at high risk,
according to age (≥55 years old), pack-years (≥30), and
FEV1 (< 80%) (Supplementary Table 2, Supplemental
digital content 3, http://links.lww.com/EJCP/A75). In particular, the multivariate pooled HR of overall mortality in
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Results from the Cox proportional hazard models on
overall mortality and lung cancer-specific mortality in the low-dose
computed tomography group versus the control group, across
strata of selected covariates (Italy, 2001–2011)

Fig. 1

Table 4

(a)

Overall mortality
Overall mortality (P)

0.10

LDCT
Control

Overall mortality

0.07
0.05
0.03
0.00
0

Number at risk
LDCT 3640
Control 2907

2

4

6

8

3604
2871

3536
2796

3427
2443

2658
1055

Lung cancer mortality
Lung cancer mortality (P)

(b)

0.07
0.05
0.03
0.00
2

4
Years

6

8

3604
2871

3536
2796

3427
2443

2658
1055

Cumulative probability of death from all causes (a) and from lung cancer
(b) (Italy, 2001–2011). LDCT, low-dose computed tomography.

Results from the Cox proportional hazard models on
overall mortality and lung cancer-specific mortality (Italy,
2001–2011)

Table 3

Overall mortality

Male
Age (years)
≥ 55 to ≤ 60
> 60
FEV1 (< 80%)
Pack-years
≥ 30 to < 40
≥ 40
LDCT group

HRa

95% CI

HRa

95% CI

3158
3391

0.86
0.90

0.55–1.33
0.74–1.08

0.52
0.88

0.23–1.21
0.64–1.23

759
5790

0.99
0.87

0.65–1.50
0.71–1.05

1.03
0.78

0.56–1.89
0.54–1.11

2806
3743
4515
1846

1.03
0.85
0.87
1.21

0.73–1.46
0.69–1.04
0.70–1.07
0.84–1.74

0.53
0.94
0.78
1.32

0.27–1.04
0.66–1.33
0.54–1.11
0.63–2.75

a

LDCT
Control

Number at risk
LDCT 3640
Control 2907

N

CI, confidence interval; FEV1, forced expiratory volume in 1 s; HR, hazard ratio.
Model adjusted for study, sex, age (< 55, 55 to ≤ 60, > 60 years old), FEV1
(< 80%, ≥ 80%), pack-years (< 30, 30 to < 40, ≥ 40), as appropriate.

0.10

0

Age (years)
≤ 60
> 60
FEV1 (%)
< 80
≥ 80
Pack-years
< 40
≥ 40
Current smokers
Ex-smokers

Lung cancer-specific mortality

Lung cancer-specific mortality

N

HRa

95% CI

HRa

95% CI

5167

1.46

1.01–2.10

3.51

1.50–8.21

1727
3391
759

1.42
3.92
1.79

0.88–2.28
2.53–6.10
1.44–2.22

1.12
3.98
2.67

0.47–2.66
1.84–8.59
1.90–3.75

1478
3743
3640

1.08
1.31
0.89

0.76–1.52
1.01–1.70
0.74–1.06

1.39
1.74
0.83

0.72–2.67
1.04–2.90
0.61–1.12

CI, confidence interval; FEV1, forced expiratory volume in 1 s; HR, hazard ratio;
LDCT, low-dose computed tomography.
Model adjusted for study and mutually adjusted for all the covariates listed above.

a

individuals fulfilling the NLST criteria (i.e. of age
≥ 55 years and pack-years ≥ 30) was 0.80 (95% CI:
0.66–0.97).

Discussion
The present pooled analysis shows a nonsignificant 11%
reduction in overall mortality at 8-year follow-up in
individuals undergoing LDCT screening, compared with

individuals receiving only usual care. The overall mortality reduction is close to that observed in the NLST
study (Aberle et al., 2011). With reference to LC mortality, we found a nonsignificant reduction by 17%,
similar to the effect size observed in the NLST study
versus a chest radiography-screened control group. The
number of LC cases screened to prevent one LC death
was 464, again nonsignificant. The reduction in LC and
total mortality started after year 4. It is therefore possible
that a follow-up longer than 8 years shows additional
advantages. Thus, continuing additional follow-up is
planned for both studies. A slightly larger (though not
significant) effect of LC screening in current smokers is
interesting and somewhat counterintuitive, as the
reduction in mortality from cardiovascular diseases after
smoking cessation, already present in the relatively short
term, would in theory make an effect on mortality more
evident in former smokers. Further insight might come
from analyzing such subgroups in other trials.
In addition to these Italian LC screening programs, there
are five other ongoing RCTs being conducted in Europe:
the NELSON trial in the Netherlands (including 15 822
participants) (van den Bergh et al., 2008); the Danish
Lung Cancer Screening (DLCST) trial in Denmark
(including 4104 participants) (Wille et al., 2015); the Lung
Cancer Screening Intervention (LUSI) trial in Germany
(including 4052 participants) (Becker et al., 2015); the
Italian Lung (ITALUNG) trial (including 3206 participants) (Lopes Pegna et al., 2009); and the UK Lung
Screen (UKLS) trial (including 28 000 participants)
(Baldwin et al., 2011), all comparing annual LDCT versus
pure observation, without chest radiography screening.
To date, none of the published results (Pastorino et al.,
2012; Infante et al., 2015; Wille et al., 2015) have confirmed the LC mortality reduction found in the NLST
study. A possible reason for the inconsistent results may
be the limited power to detect a true benefit in each
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single trial. Hence, a solution would be to meta-analyze
data from all such studies at patient level. The present
pooled analysis is the first effort in this direction, by
pooling two RCTs, for a total of 6549 participants,
reaching 52 637 person-years of observation.
Over the last two decades, various epidemiological consortia have been established to pool and analyze data at
patient level using an interdisciplinary approach involving clinicians, epidemiologists, and biostatisticians, and
they have contributed with new relevant evidence from
diagnosis to prognosis for several cancer sites (Hung et al.,
2008; Peto et al., 2012; McGale et al., 2014; Winn et al.,
2015). For these reasons, as in the past (Field et al., 2013),
we advocate a consortium of RCTs on LDCT to combine
all European trials and provide further critical evidence
on the efficacy of LC screening in a relatively short
period. The pooled results, based on information on
about 35 000 European individuals already enrolled,
could validate the reduction in overall and LC mortality
reported in the NLST study.
Smoking characteristics at baseline differ between the
European and NLST trials, as the median smoking
intensity of individuals included in the LDCT arm of the
European studies was about 40 pack-years as compared
with 56 pack-years in the NLST investigation (Pastorino,
2013). Also, the various European studies differ in terms
of patient recruitment (volunteers in the DANTE,
DLCST, and MILD investigations; registry-based in the
NELSON trial; identified through general practitioners’
lists in the ITALUNG trial; population-based in the
LUSI study), age groups, total number of LDCTs per
individual, and duration of follow-up (the DANTE trial
started during 2001; NELSON during 2003; ITALUNG
and DLCST during 2004; MILD during 2005; LUSI
during 2007) (Pastorino, 2013). The establishment of a
Consortium of European trials would also improve the
knowledge on efficacy of LC screening in subgroups of
participants (i.e. high-risk vs. low-risk population; different methodologies of accrual; and smoking status) that
might contribute to the debate on the benefits, harms,
and potential practical implementation of LC screening
on a large scale.
Last, the efficacy of LDCT screening in current smokers
could be better investigated with the aim of implementing pharmacological intervention for tobacco consumption in future screening policies, as shown by the
recent demonstration of reduced mortality for all causes
in smoking quitters during LDCT screening (Pastorino
et al., 2016).
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