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Abstract

Background Low-dose computed tomography (LDCT) lung cancer screening can reduce mortality in high-risk
individuals, but many individuals with a heavy smoking history may be reluctant to undergo radiologic examinations.
A non-invasive blood test might help overcome this barrier. The BioMILD trial evaluated the combination of a plasma
microRNA signature classifier (MSC) and LDCT for personalized lung cancer screening in 4,119 individuals who smoke
or used to smoke. Based on BioMILD results, we aim to conduct a projection analysis to estimate the number of early
lung cancers that could be detected if MSC were used as an initial screening tool for individuals reluctant to undergo
LDCT. This model explores the potential of a biomarker-driven approach to address screening hesitation.

Main body The analysis focuses on 3,139 volunteers meeting NLST criteria. At baseline, 24.9% tested MSC-positive.
Over two years, 63 lung cancer cases were detected, with a significantly higher incidence among MSC-positive
participants (4.1% vs. 1.1%, p <0.001). A biomarker-driven approach, where only MSC-positive individuals undergo
annual LDCT, was compared to standard LDCT screening for all participants. This strategy could identify 58.7% of lung
cancers detected via standard screening, including 56.5% of early-stage cases. Raw cost analysis estimated a per-case
lung cancer detection cost of ~€14,000 for the biomarker-driven strategy versus ~€12,000 for standard screening.

Conclusion Upfront blood MSC test showed a reasonable sensitivity for lung cancer detection, including in early-
stage disease, with affordable costs. Such a non-invasive blood test strategy might contribute to improve lung cancer
screening endorsement in the high-risk population.
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Background

Long-term results from three randomized trials con-
ducted in the USA (ie., the National Lung Screening
Trial, NLST) and Europe (i.e., the NELSON and the
multicenter Italian lung detection, MILD), showed that
screening with chest Low-Dose Computed Tomogra-
phy (LDCT) in individuals with a heavy smoking history,
either currently smoking or those who used to smoke,
achieve a reduction in lung cancer mortality between
20% and 39%, according to the duration of the interven-
tion [1-3]. While the high detection rate (>50%) of Stage
I-1I tumors observed in the LDCT screening arms is cer-
tainly a breakthrough, timing of screening intervals, over-
diagnosis, management of undetermined lung nodules
and false positive results remain open research questions.

Indeed, even though the United States Preventive Ser-
vices Task Force recently lowered risk criteria of eligibil-
ity for screening, the adherence to lung cancer screening
in US has only modesty increased [4]. Among the factors
that may dissuade eligible individuals to participate in a
lung cancer screening program is the concern related to
radiation exposure due to prolonged screening rounds
and the supplementary exams required in case of suspi-
cious findings [5, 6].

The development of minimally invasive blood biomark-
ers tests for risk prediction and early detection caught
attention from researchers and companies. In fact, a
blood based personalized risk approach with a high sen-
sitivity test is expected to have a positive impact as it
could avoid even minimal radiation exposure reached by
modern ultra-LDCT in lower risk individuals and might
contribute to improve lung cancer screening recruitment
of heavy smokers aged 55 years or older.

In our previous studies, we developed and validated a
microRNA signature classifier (MSC) in plasma samples
collected from screening participants. The BioMILD
study, involving 4,119 participants, combined LDCT with

Table 1 Lung cancer cases detected within 2 years with specific
features, stratified by MSC results among biomild volunteers
eligible according to the National lung screening trial

Total MSC - MSC+ p-value
3139 2358 781
(75.1%) (24.9%)
LC within 2 years 63 26 (41.3%) 37 (58.7%) <0.0001
Stage
1/ 46 20 (43.5%) 26 (56.5%) 0.5581
(73.0%)
/v 17 6 (35.3%) 11 (64.7%)
(27.0%)
Histology
Adenocarcinoma 42 21 (50.0%) 21 (50.0%) 0.06
(66.7%)
Other 21 5(23.8%) 16 (76.2%)

(33.3%)
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MSC, demonstrating improved prediction of lung can-
cer incidence and mortality. For double-negative partici-
pants, screening intervals were safely extended to three
years without reducing the detection of early-stage, cur-
able cancers [7]. In addition, we recently reported the
utility of repeated blood MSC testing in BioMILD partic-
ipants with suspicious LDCT findings across all screen-
ing rounds [8].

Here, we aimed to simulate the benefits, in terms of the
number of early-detected lung cancer and the associated
costs, that could be achieved by offering an MSC test at
baseline to individuals who refuse to undergo the first-
line LDCT scan.

Main text

The BioMILD trial (ClinicalTrials.gov ID: NCT02247453)
is a prospective study evaluating the combination of
MSC and LDCT to personalize individual risk assess-
ment and screening strategies in 4,119 volunteer individ-
uals who smoke or used to smoke. Details of the clinical
trial are reported elsewhere [7, 8]. For present analysis,
we selected volunteers eligible for lung cancer screening
according to NLST criteria (i.e., aged 55-74 with =30
pack-years).

The two-year cumulative Kaplan-Meier curves for lung
cancer incidence, stratified by baseline MSC categories,
were compared using the log-rank test. The percentage of
detected lung cancers with specific characteristics, such
as stage and histology, was reported overall and strati-
fied by MSC results, with comparisons made using the
Chi-Square test. The raw cost of the MSC test was cal-
culated based on reagent prices, equipment deprecia-
tion, and personnel costs for analyzing 126 samples per
month. The cost of LDCT was estimated based on the
reimbursement rate per scan set by the Italian national
healthcare system.

The study cohort consisted of 3,139 volunteers, of
whom 61% were male and 78% were currently smoking.
The median age was 62 years, with a median smoking
history of 43 pack-years. At baseline, 781 participants
(24.9%) tested positive for the MSC biomarker, while the
remaining 2,358 (75.1%) were MSC-negative. Over the
two-year period, 63 lung cancer cases were detected. Of
these, 46 (73%) were stage 1/II, and 42 (66.7%) were ade-
nocarcinomas (Table 1).

The cumulative lung cancer incidence was significantly
higher (p<0.0001) among MSC-positive participants
(4.1%) than MSC-negative participants (1.1%) (Fig. 1A).
Compared to the standard LDCT-based screening
strategy, in which all participants undergo two LDCT
screening rounds over two years, in a biomarker-driven
lung cancer screening scenario, all 3,139 participants
would undergo a baseline blood test, with only the 781
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Fig. 1 Considering the 3,139 BioMILD volunteers eligible according to the National Lung Screening Trial (i.e., aged 55-74 with pack-years > 30), the 2-year
lung cancer incidence curves stratified by MSC test results (A), as well as the lung cancer screening paths using up-front MSC (Simulation) or LDCT (Real-

Trial Scenario) exams (B), are reported

MSC-positive individuals proceeding to annual LDCT
screening rounds (Fig. 1B).

All these data suggest that a biomarker-driven
approach could identify 58.7% of the lung cancers that
would have been diagnosed through standard LDCT
screening within two years, including 56.5% of early-stage
(I/1I) cases. Considering raw costs of €108 per blood test
and €120 per LDCT scan, the direct cost per detected
lung cancer case would be approximately €14,000 for the
biomarker-driven strategy, compared to €12,000 for stan-
dard LDCT screening.

Conclusions

Population-based analyses demonstrate that, although
screening rates have increased since 2014, only 5-20%
of eligible US adults have completed screening [4]. In
addition, 77% of screened individuals did not continue
lung cancer screening after a reassuring negative base-
line LDCT [9]. Multifactorial barriers to proficient lung
cancer screening implementation include volunteers, cli-
nician, and system-factors [5, 6]. In light of this, improve-
ment of self-risk awareness in high risk individuals might
increase uptake and adherence to screening.

The present analysis, conducted on screening-eligible
participants from the BioMILD cohort, suggests that a
blood biomarker-driven lung cancer screening model
could offer substantial public health benefits. While the
greatest advantages are achieved when all individuals
undergo a baseline LDCT, this non-invasive blood test
strategy, applied to individuals with a heavy smoking
history aged 55 and older who are reluctant to undergo
LDCT, maintained reasonable costs and still provided
benefits in terms of early cancer detection. However,
as our findings are based on projections in people who
did agree to LDCT, outcomes may differ in those refus-
ing LDCT and the actual impact of this approach on

screening uptake and adherence remains to be confirmed
in current clinical practice.

With the advent of NGS platforms and robust analytic
methodologies the exploitation of blood-based screen-
ing tests has come out as a promising strategy to identify
lung cancer high-risk individuals. Genomic profile, epig-
enomic changes as well as protein and auto-antibody sig-
natures in blood have been developed and are currently
under validation in clinical studies.

The seven-autoantibodies EarlyCDT-Lung test, was
validated in the Early Diagnosis of Lung Cancer Scot-
land prospective trial where 12,000 high-risk participants
were randomly assigned to the EarlyCDT-Lung testing or
standard of care. Only 9.8% of test-positive participants
underwent LDCT and a modest reduction (14%) in late-
stage tumors was observed at 2-year follow up compared
to the standard clinical care group [10]. When assessed
in a cohort of participants from the German Lung Can-
cer Screening Intervention Trial, the test showed 13%
sensitivity (4.2% in stage IA) preventing its use in LDCT
screening populations [11]. The test is now commercially
available (Nodify cdt by Biodesic.inc) for blood-based
nodule risk assessment claiming 78% PPV, 98% specific-
ity, 28% sensitivity and has coverage from Medicare in
USA.

Circulating tumor DNA-based tests, although prom-
ising, have important shortcomings related to the poor
limit of detection leading to suboptimal sensitivity for
early-stage lung cancer. The Galleri test (GRAIL, Menlo
Park, California, USA), a commercial Multi Cancer Early
detection (MCED) test evaluating targeted gene methyla-
tion, showed an overall sensitivity of 66% in lung cancer
patients but only 8.7% for stage I lung cancer in patients
referred for cancer investigation of the SIMPLIFY obser-
vational cohort study [12].
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DELFI, a cell-free fragmentome assay (DELFI diag-
nostics, Baltimore, USA) has been recently validated in
a multicenter, prospective case-control study (DELFI-
L101) where enrolled participants generally paralleled
those of the population that is eligible for LDCT screen-
ing to align with the proposed use of the test in screen-
ing trials. A total of 958 lung cancer and non-cancer
control participants were evaluated and the test showed
80% overall sensitivity, 71% in Stage I, with 58% specific-
ity [13].

However, performance of both Grail and DELFI tests
in true prospective LDCT screening population are still
missing. Indeed, the costs of these assays based on high-
coverage sequencing of cell-free DNA are remarkable
and difficulties to find room for economic support in
nation-wide screening programs are foreseen.

In conclusion our low cost, non-invasive, easy-to-
implement blood strategy might improve recruitment of
high-risk individuals and potentially be offered to those
who refuse LDCT screening ultimately reducing barriers
to lung cancer screening.
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LDCT low-dose computed tomography
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