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Prolonged lung cancer screening reduced 10-year
mortality in the MILD trial: new confirmation of lung

cancer screening efficacy
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Background: The National Lung Screening Trial showed that lung cancer (LC) screening by three annual rounds of low-dose
computed tomography (LDCT) reduces LC mortality. We evaluated the benefit of prolonged LDCT screening beyond 5 years,
and its impact on overall and LC specific mortality at 10 years.

Design: The Multicentric Italian Lung Detection (MILD) trial prospectively randomized 4099 participants, to a screening arm
(n=2376), with further randomization to annual (n = 1190) or biennial (n = 1186) LDCT for a median period of 6 years, or
control arm (n = 1723) without intervention. Between 2005 and 2018, 39 293 person-years of follow-up were accumulated. The
primary outcomes were 10-year overall and LC specific mortality. Landmark analysis was used to test the long-term effect of LC
screening, beyond 5 years by exclusion of LCs and deaths that occurred in the first 5 years.

Results: The LDCT arm showed a 39% reduced risk of LC mortality at 10years [hazard ratio (HR) 0.61; 95% confidence interval

(Cl) 0.39-0.95], compared with control arm, and a 20% reduction of overall mortality (HR 0.80; 95% Cl 0.62-1.03). LDCT benefit
improved beyond the 5th year of screening, with a 58% reduced risk of LC mortality (HR 0.42; 95% Cl 0.22-0.79), and 32%

reduction of overall mortality (HR 0.68; 95% Cl 0.49-0.94).

Conclusions: The MILD trial provides additional evidence that prolonged screening beyond 5 years can enhance the benefit of
early detection and achieve a greater overall and LC mortality reduction compared with NLST trial.

ClinicalTrials.gov identifier: NCT02837809.
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Introduction

Lung cancer (LC) screening by low-dose computed tomography
(LDCT) achieved a 20% decrease in LC mortality in the National
Lung Screening Trial (NLST), when compared with chest radiog-
raphy [1], while European randomized clinical trials (RCT) testing
LDCT versus observation showed no benefit at 5-year, possibly
due to small number of participants and short follow-up [2—4].
The selection criteria were not homogeneous among RCT's [1-
8], and most European RCT's enrolled younger populations, with

lower LC risk than NLST [2-8]. The majority of RCT's offered an-
nual LDCT rounds for <4 years, where the impact of screening
duration and intensity was not evaluable.

The Multicentric Italian Lung Detection (MILD) study was
designed to investigate the efficacy of prolonged LDCT screening
beyond 4 years, including a further randomization between an-
nual and biennial LDCT rounds [4]. Furthermore, MILD imple-
mented positron emission tomography (PET) and active
surveillance of subsolid lesions to minimize unnecessary surgery
[9, 10]. Early evaluations of MILD trial showed no mortality

©The Author(s) 2019. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use,
distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com


https://academic.oup.com/

Annals of Oncology

reduction in the LDCT arm at 5 years [4], and a similar perform-
ance of annual versus biennial LDCT in terms of detection rates
and interval cancers at 7 years [11]. We report here the 10-year
results of MILD, with a focus on overall and LC mortality.

Methods

Study design

The MILD study is a prospective randomized controlled LC screening
trial launched in 2005, and initially designed as a National program for
multicenter recruitment of 10 000 volunteer smokers (>20 pack-years,
current or former from <10 years), aged from 49 to 75 years, without his-
tory of cancer in <5 years. However, MILD faced major management dif-
ficulties: indeed, the Ethics Committee initially approved only the annual
versus biennial LDCT randomization, and final protocol was accepted in
December 2005 (protocol ID: INT 53/05; ClinicalTrials.gov Identifier:
NCT02837809), with a single center accrual. All eligible subjects provided
written informed consent.

Details about Ethics Committee approval, LDCT technique, diagnos-
tic workup, baseline and early outcome of the MILD study were pub-
lished elsewhere [4].

Patients

A total of 4099 participants were randomized, to a screening arm
(n=2376), with further randomization to annual (n = 1190, LDCT every
12 months) or biennial (n= 1186, LDCT every 24 months) screening, or
control arm (n=1723) without intervention (Table 1). The size discrep-
ancy between the two main arms is the effect of initial randomization to
annual (#=326) or biennial (n=327) LDCT screening, started in
September 2005 on 653 volunteers, with later activation of the final
protocol in December 2005, that recruited 3446 additional participants,
randomized to LDCT arm (n=1 723 864 annual and 859 biennial) or
control arm (n=1723) (supplementary Appendix S1, available at Annals
of Oncology online).

Data collection and follow-up

Socio-demographic data were collected at baseline, together with pul-
monary function test and blood samples, for all the 4099 participants [6].
Clinical data were collected during follow-up of participants assigned to
both intervention and control arm. Outcome information was imple-
mented by phone calls, email and contacts with general practitioner or
referring hospitals, and periodical enquiry to National Statistic and
Cancer Registries (Associazione Italiana Registri Tumori, AIRTUM,
Istituto Nazionale di Statistica, ISTAT, SIATEL 2.0 platform) to assess
vital status, cause of death, LC occurrence and treatment. Participants
accumulated person-years of follow-up from the date of randomization
until death or date of last follow-up (June 2018).

End points

The main end point of MILD analysis was LC mortality at 10 years; sec-
ondary end points were overall mortality and LC diagnosis. The LC fea-
tures and outcomes were compared in the two arms by the relative
difference in cumulative LC incidence, LC stage and resectability, num-
ber needed to screen (NNS) and number of LDCT to prevent one LC
death.

Statistics

Cumulative overall mortality, LC mortality, ‘other cause’ mortality
(other than LC), and LC incidence were calculated by Kaplan—Meier esti-
mation and compared using Log-rank test. Mortality analyses carried out
on the 4099 participants granted a 25% power to detect 10% reduction of
all-cause mortality and 45% power to detect 30% reduction of LC mor-
tality. Cox proportional hazard regression was used to estimate the haz-
ard ratio (HR) and 95% confidence interval (CI) for the association
between exposure to screening intervention and time of end-points
onset. Log-rank tests and HRs were adjusted for age, gender and pack-
years to reduce the potential effect of different baseline characteristics
(supplementary Appendix S4, available at Annals of Oncology online).
The effect of LC screening beyond 5 years was assessed by adjusted
landmark analysis of cumulative overall and LC mortality at 10 years,
restricted to the individuals who, in the first 5 years after randomization,
were still alive and did not experience LC diagnosis [12]. Sensitivity

Table 1. Characteristics of the 4099 participants in the MILD population, by study arm

Control arm Intervention arm P-values
(N=1723) (N =2376)
Age (years)
<55 656 (38.1%) 773 (32.5%) 0.0065
55-59 478 (27.7%) 700 (29.5%)
60-64 359 (20.8%) 535 (22.5%)
65-69 174 (10.1%) 278 (11.7%)
>70 56 (3.3%) 90 (3.8%)
Median age 57 58
Sex
Male 1090 (63.3%) 1626 (68.4%) 0.0005
Female 633 (36.7%) 750 (31.6%)
Smoking status (smokers)
Former 177 (10.3%) 747 (31.4%) <0.0001
Current 1546 (89.7%) 1629 (68.6%)
Pack-years of cigarette
<30 485 (28.2%) 521 (21.9%) <0.0001
>30 1238 (71.9%) 1855 (78.1%)
Median pack-years 38 39
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Table 2. Characteristics of lung cancers and study outcome by study arm, throughout the 10-year follow-up

Total Control arm Intervention arm P-values
(N = 4099) (N=1723) (N =2376)

Lung cancer incidence 158 (3.9%) 60 (3.5%) 98 (4.1%) 0.29
Lung cancer rate (per 100 000) 407.0 3726 4315 037
Person-years (incidence) 38816 16 102 22714
Lung cancer stage

| 62 (39.2%) 13 (21.7%) 49 (50.0%) 0.0004°

Il 9 (5.7%) 5 (8.3%) 4 (4.1%)

Il 26 (16.5%) 10 (16.7%) 16 (16.3%)

% 61 (38.6%) 32 (53.3%) 29 (29.6%)
Lung resection

None 78 (49.4%) 44 (73.3%) 34 (34.7%) <0.0001°

Pneumonectomy 1 (0.6%) 0 1(1.0%)

Lobectomy/segmentectomy 79 (50.0%) 16 (26.7%) 63 (64.3%)
Lung cancer histology

Squamous cell carcinoma 30 (24.4%) 12 (30.0%) 18 (21.7%) 0.25¢

Adenocarcinoma 78 (63.4%) 23 (57.5%) 55 (66.3%)

Small cell carcinoma 10 (8.1%) 4 (10.0%) 6 (7.2%)

Large cell carcinoma 5 (4.1%) 1 (2.5%) 4 (4.8%)

Carcinoma NOS? 35 20 15
Lung cancers not screen detected 86 (54.4%) 59 (98.3%) 27 (27.6%) <0.0001
Total deaths 243 (5.9%) 106 (6.2%) 137 (5.8%) 061
Overall mortality rate (per 100 000) 6184 653.9 593.5 045
Lung cancer deaths 80 (2.0%) 40 (2.3%) 40 (1.7%) 0.14
Lung cancer mortality rate (per 100 000) 2036 246.8 1733 0.12
Person-years (mortality) 39293 16 210 23083

Resection for benign histology was not accounted in the table, it is thereafter summarized: 3 cases in LDCT arm, rate of resection for benign histology
4.5% (3/67); 1 case in control arm, rate of resection for benign histology 5.9% (1/17).

®Proportion of stage I.

PProportion of lung resection compared with no lung resection.
“Carcinoma NOS excluded.

dCarcinoma NOS: carcinoma not otherwise specified.

analyses were carried out by excluding the first 653 randomized volun-
teers (supplementary Table S1, available at Annals of Oncology online),
allowing 22% power to detect 10% reduction of overall mortality and
36% power to detect 30% reduction of LC mortality, and applied to the
whole 10-year period, as well as to landmark analyses beyond 5 years.

Results

Descriptive analyses

The overall 10-year mortality was 5.9% (243/4099 subjects,
39 293 person-years; Table 2). The median duration of screening
by LDCT was 6.2 years (interquartile range 5.5-6.4). Among the
3856 survivors, 93.5% (n=3607) of participants reached the
9 years of follow-up and 71% (n=2739) accumulated 10 years of
follow-up. Only one subject was lost to follow-up.

The overall mortality was 594/100 000 person-years (137
deaths) in intervention arm versus 654/100 000 person-years
(106 deaths, P=0.45) in the control arm. The cause of death was
missing in 4.1% of participants (10/243, 3 in intervention and 7

in control arm). Contamination of control arm by LDCT was
1.2% (21/1723), including 1 LC diagnosis (stage I squamous cell
carcinoma, alive at the time of data extraction) and 1 death (un-
known cause).

LC detection

LC was diagnosed in 98 participants (431/100 000 person-years)
in the intervention arm and 60 participants (373/100 000 person-
years) in the control arm. The 10-year cumulative LC incidence
curves showed a non-significant difference between intervention
and control arm (P = 0.84; supplementary Appendix S3, available
at Annals of Oncology online). One hundred and fifty-four
LDCTs and 1.4 PETs were needed to diagnose one LC cancer. A
significantly larger proportion of stage I LC was detected in inter-
vention arm (49/98, 50%) compared with control arm (13/60,
21.7%j; P=0.0004; Table 2), and LC resection rate was 65.3% in
intervention arm (64/98) versus 26.7% in control arm (16/60;
P <0.0001).

Three participants underwent minor lung resection for benign
histology in the LDCT arm, and one in control arm. The resection
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rate for benign histology was 4.5% (3/67 resections) in interven-
tion arm and 5.9% (1/17 resections) in control arm (P > 0.99).

Ten-year mortality analysis

Table 2 shows that LC mortality was 173/100 000 person-years
(40 deaths) in intervention arm and 247/100 000 person-years in
control arm (40 deaths, P=0.12). LC accounted for 33% of all
deaths: 29% in intervention and 38% in control arm. One LC
death was prevented by 167 screened subjects (NNS), 733 LDCTs
and 4.4 PETs.

The cumulative risk of 10-year overall mortality was 5.8% in
intervention arm and 6.5% in control arm (Figure 1A), with 20%
(95% CI -3% to 38%) risk reduction by LDCT (HR 0.80; 95% CI
0.62—-1.03; log-rank P=10.07). The cumulative risk of 10-year LC
mortality was 1.7% in intervention arm and 2.5% in control arm,
with significant 39% (95% CI 5% to 61%) risk reduction by
LDCT screening (HR 0.61; 95% CI 0.39-0.95; P=0.02)
(Figure 1B).

Landmark and sensitivity analyses

The landmark analysis beyond 5 years showed 3.4% cumulative
risk of overall mortality in intervention arm and 4.5% in control
arm, with significant 32% (95% CI 6% to 51%) risk reduction by
LDCT (HR 0.68; 95% CI 0.49-0.94; P=0.01) (Figure 2A). The
difference was greater for LC mortality, with a cumulative risk of
0.7% in intervention arm versus 1.5% in control arm, corre-
sponding to 58% (95% CI 21% to 78%) risk reduction by LDCT
(HR 0.42, 95% CI 0.22-0.79; P=0.0037) (Figure 2B). The cumu-
lative risk of ‘other cause’ mortality was 2.6% in intervention and
2.5% in control arm (HR 0.91; 95% CI 0.61-1.37; P=0.65).

The sensitivity analysis on 3446 participants replicated the esti-
mates for overall mortality and LC mortality reduction, even
though statistical significance was not reached (supplementary
Appendix S5, available at Annals of Oncology online). A statistic-
ally significant 49% risk reduction of LC mortality by LDCT was
maintained in the sensitivity landmark analysis (HR 0.51; 95% CI
0.26-1.01; P=0.049; supplementary Figure S6, available at
Annals of Oncology online).

Discussion
Principal findings

MILD is the only randomized LC screening trial designed to as-
sess the value of prolonged intervention. As a secondary aim,
MILD compared the efficacy of two different LDCT intervals.
The long-term results of MILD trial show a statistically significant
and clinically relevant 39% reduction of LC mortality at 10 years
in the LDCT arm, along with a non-significant 20% decrease of
overall mortality. With a median active LDCT screening period
of 6.2years, landmark analysis of MILD trial revealed that the
benefit of screening could be kept beyond 5 years, with 58% LC
mortality reduction and 32% overall mortality reduction (both
statistically significant), and the sensitivity analyses on the more
homogeneous cohort of 3446 subjects confirmed a significant

49% LC mortality reduction beyond 5 years, despite lower statis-
tical power.

Comparison with previous studies

In 2011, the NLST reported a 20% LC mortality reduction
after 2years of annual LDCT screening, with chest radiog-
raphy as control arm [3]. The negative outcome of MILD trial
at 5Syears [4] caused some controversy [13], even though our
data mirrored the results of DLCST and DANTE trials [2, 3].
In the light of current LDCT screening knowledge, early fail-
ure of European RCTs can be attributed to relatively small
populations, insufficient length of intervention and/or follow-
up. As a matter of fact, pooled analysis of MILD and
DANTE, with 6549 subjects and 52 637 person-years, detected
a 17% LC mortality reduction at 8 years, quite close to NLST
even if not statistically significant [14], and ITALUNG trial
showed 30% mortality reduction at 9-year follow-up with
only 3152 participants [6].

The 39% reduction of LC mortality obtained by MILD trial at
10 years represents a confirmation of the efficacy of LDCT screen-
ing since the NLST results in 2011 [3]. In fact, the LC death rate
of 247/100 000 person-years in MILD controls versus 309/
100 000 person-years in NLST chest radiography arm [3] can be
explained by the different risk profile, as only 51% of MILD par-
ticipants met the NLST eligibility criteria. Nonetheless, the de-
crease of 10-year LC mortality rate was more substantial in
intervention arm of MILD when compared with NSLT (173 ver-
sus 247 per 100 000 person-years, respectively), as well as the rela-
tive LC mortality reduction (39% versus 20%, respectively).

The benefit of LDCT screening in MILD was specifically attrib-
utable to LC mortality reduction, driven by extended early LC
diagnosis beyond five, without impact on mortality from other
causes. Indeed, it appears reasonable that 10-year results of MILD
were empowered by the continuous contribution of prolonged
LDCT screening, which reversed the earlier negative 5-year fig-
ures [4].

Reducing screening intensity by extended LDCT intervals
to optimize cost-effectiveness and limit radiation dose is a
current matter of debate [15-17]. A low-intensity screening
design was implemented by MILD and the Nederlands-
Leuvens Longkanker Screenings ONderzoek (NELSON) trial,
with different methodological approaches: MILD tested two
different screening intervals through the whole duration of
trial, by upfront randomization to either annual or biennial
LDCT, whereas NELSON analyzed three consecutive rounds
with different longitudinal intervals in the same subject [18].
The final 2.5-year round of NELSON found more than twice
stage III/IV and five times interval cancer when compared
with 1-year round [18]. The biennial arm of MILD randomly
tested longer screening intervals after a negative baseline
LDCT, with annual repeats only in case of indeterminate
LDCT (<20% of participants in biennial arm). MILD algo-
rithm granted a similar proportion of stage I, LC resections,
and interval cancers between annual and biennial LDCT,
with lower costs and radiation exposure [11]. In accordance
with retrospective evaluations supporting lower intensity after
negative baseline LDCT [19, 20], MILD results at 10 years
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Figure 1. Cumulative overall mortality and lung cancer mortality, by arm over 10 years of follow-up.
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Figure 2. Landmark analysis of cumulative overall mortality and lung cancer mortality, by arm beyond 5 years.

provide indirect evidence that tailored biennial LDCT did
not compromise the efficacy of prolonged screening duration
[11], but this issue will require future confirmation by a mul-

ticentric randomized trial with adequate sample size.

Individual risk stratification by LDCT and blood microRNAs
[21] is currently being tested by the on-going prospective
bioMILD trial, which schedules triennial rounds for subjects
with negative baseline LDCT and microRNAs [22, 23].
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Strengths and limitations

Early detection by screening carries the burden of overdiagnosis
and overtreatment of benign or indolent disease, and the extent
of phenomenon depends on the methodology used to estimate
overdiagnosis: ranging from 18.5% in NLST [24] to 67.5% in
DLCST [25]. With the aim of reducing unnecessary surgery,
MILD protocol implemented active surveillance of subsolid
lesions that ultimately proved to be a safe strategy for slow grow-
ing nodules [10], which represent the majority of over-diagnosed
and over-treated lung adenocarcinomas [25]. Moreover, selective
use of PET improved differential diagnosis [9], resulting in a
4.5% resection rate for benign histology, compared with 24.4% of
NLST [1], 10.3% of UKLS [8] and the 15% threshold recommen-
dation by the National Comprehensive Cancer Network (NCCN)
[26].

The MILD study suffers from a few limitations. First, the sam-
ple size reduced the statistical power and may have contributed
to the negative early results [4]. Secondly, the sequential random-
ization methodology, determined by ethical and administrative
hurdles (e.g. opposition against an observational control arm)
affected the accrual process and the final population balance.
Hence, the assessment of screening effect on long-term LC cancer
mortality required adjusted analysis, even if confirmed by un-
adjusted and sensitivity analyses. Finally, only 71% of partici-
pants completed the 10years of follow-up, even though the
93.5% at 9years allowed reasonable assessment of long-term
outcome.

Conclusions

The MILD trial provides additional evidence that prolonged
intervention beyond 5 years can enhance the benefit of screening.
The incremental effect of prolonged LC screening achieved a sig-
nificant mortality reduction at 10 years, notwithstanding biennial
rounds and active surveillance.
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