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LETTER TO TH E EDITOR

A serummicroRNA signature for enhanced selection
of people for lung cancer screening

Dear editor,
Lung cancer (LC) is the leading cause of cancer-related

mortality globally [1]. Earlier detection by screening can
substantially reduce LC mortality [2, 3], but should be
focused on those at highest risk [4]. Risk stratification for
LC screening, which is mostly based on smoking history
[5], is far from perfect [6]. Therefore, additional criteria
to better define those at highest risk of LC are needed
to enhance the efficiency and cost-effectiveness of LC
screening. Besides risk prediction models incorporating
classical LC risk factors [7], blood-based biomarkers such
asmicroRNAs (miRNAs) have emerged as potential candi-
dates to improve LC risk prediction [8].We aimed to derive
and validate a blood-based miRNA signature predicting
LC incidence in a large population-based cohort of older
adults.
A two-stage study design with a marker discovery and

a marker validation phase was applied (Supplementary
Materials and Methods). In the discovery phase, plasma
samples from 20 LC cases and 20 LC-free controls (dis-
covery set)were profiled using next-generation sequencing
(NGS), and 20 differentially expressed miRNA candidates
were identified (Supplementary Table S1, Supplementary
Figures S1 and S2). Additional candidates were selected
fromapreviously conducted literature reviewusing the fol-
lowing criteria: (1) miRNA evaluated in plasma or serum
samples in Western populations; (2) miRNA included in
a validated miRNA panel to discriminate LC cases from
controls; (3) miRNA reported in ≥ 2 studies (Supplemen-
tary Table S2). In the marker validation phase, 40 miRNA
candidates obtained through the NGS analyses and the lit-

Abbreviations: AUC, area under the receiver operating characteristic
curve; CI, confidence interval; LASSO, least absolute shrinkage and
selection operator; LC, lung cancer; LCRAT, Lung Cancer Risk
Assessment Tool; LLP, Liverpool Lung Project Risk Model; LLPi,
Liverpool Lung Project Incidence Risk Model; miRNA, microRNA;
miR-score, microRNA risk score; NGS, next-generation sequencing; n,
number; OR, odds ratio; PLCOM2012, Prostate, Lung, Colorectal, and
Ovarian Cancer Screening Trial Model 2012; qRT-PCR, quantitative
real-time polymerase chain reaction.
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erature review were measured by quantitative real-time
polymerase chain reaction (qRT-PCR) in serum samples
collected at baseline from participants of a prospective
cohort of adults aged 50-75 years. The study population
(prospective set, Supplementary Figure S3) included 237
incident LC cases and 191 randomly selected controls,
i.e., participants without LC diagnosis until the end of 14
years of follow-up. Population characteristics are shown in
Supplementary Table S3.
Analyses of the qRT-PCR data revealed that 20 of the

40 measured miRNAs were detectable in at least 90%
of the samples that underwent qRT-PCR profiling (Sup-
plementary Table S4), which were included in further
analyses. To derive a multi-marker prediction algorithm
that could effectively discriminate incident LC cases from
LC-free controls, the least absolute shrinkage and selec-
tion operator (LASSO) regression model was applied to
the 20 miRNAs based on the prospective set. Three
miRNAs (miR-142-3p, miR-148a-3p and miR-451a) were
selected. A continuous risk score, i.e., microRNA risk
score (miR-score), was calculated for each participant in
the prospective set using a linear combination of LASSO
regression coefficient weighted expression values of the
three miRNAs:

miR − score = −0.94121 + miR − 142 − 3p ∗ −0.14913+

miR − 148a − 3p ∗ 0.18115 + miR − 451a ∗ 0.45143

Associations of the miR-score with LC incidence in
prospective set participants were evaluated using logistic
regression models adjusted for age, sex, smoking sta-
tus and pack-years (Supplementary Tables S5 and S6).
The miR-score was strongly associated with LC risk after
adjustment for age, sex and smoking history compar-
ing the highest quartile with the lower two quartiles
(adjusted odds ratio [OR]= 5.01 [95% confidence interval=
2.94-8.69]). The OR per increase in the miR-score by 1
standard deviation was 2.23 (1.71-2.90) (Supplementary
Table S6).
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TABLE 1 Performance of LC models* [7] individually and in combination with the miR-score for LC risk prediction among
ever-smokers (ncases/controls = 206/ 101) in prospective set participants

AUC (95% CI)

LCmodel LCmodel only
LCmodel +
miR-score apparent#

LCmodel +
miR-score .632+$

P-value for
improvement
in AUC

LLPi 0.712 (0.651-0.774) 0.765 (0.708-0.821) 0.762 0.019
Pittsburgh Predictor 0.717 (0.656-0.779) 0.764 (0.707-0.821) 0.762 0.042
Bach 0.716 (0.654-0.778) 0.760 (0.703-0.817) 0.758 0.034
PLCOM2012 0.694 (0.632-0.755) 0.757 (0.700-0.814) 0.754 0.008
LLP 0.669 (0.606-0.732) 0.750 (0.693-0.808) 0.747 0.003
Hoggart 0.655 (0.591-0.719) 0.738 (0.679-0.797) 0.734 0.004
Spitz 0.623 (557- 0.689) 0.723 (0.665-0.781) 0.719 0.001
LCRAT 0.721 (0.658-0.783) 0.765 (0.707-0.822) 0.762 0.061

*R package “lcmodels” (https://dceg.cancer.gov/tools/risk-assessment/lcmodels) was used to calculate risks from the risk models.
#AUC not adjusted for overfitting
$AUC adjusted for overfitting by applying 0.632+ bootstrapping with 1000 replications.
Abbreviations: AUC, area under the receiver operating characteristic curve; CI, confidence interval; LC, lung cancer; LCRAT, Lung Cancer Risk Assessment
Tool; LLP, Liverpool Lung Project Risk Model; LLPi, Liverpool Lung Project Incidence Risk Model; miR-score, microRNA risk score; PLCOM2012, Prostate, Lung,
Colorectal, and Ovarian Cancer Screening Trial Model 2012.

Performance of pack-years individually and in combi-
nation with the miR-score for LC risk prediction in the
prospective set was measured using the area under the
receiver operating characteristic curves (AUCs). Potential
over-optimismwas accounted for by applying 0.632+ boot-
strapping with 1000 replications. Performances of individ-
ual miRNAs from the miR-score for LC risk prediction
in the prospective set were also measured. The optimism-
corrected predictive accuracies ofmiR-142-3p,miR-148a-3p
and miR-451a were 0.628, 0.679 and 0.691, respectively
(data not shown). Compared to the performances of indi-
vidual miRNAs, the miR-score exhibited higher predictive
accuracy, yielding an optimism-corrected AUC of 0.740.
Adding the miR-score to a model including pack-years
improved the predictive performance (AUC: 0.754 vs. 808,
P < 0.001), yielding an optimism-corrected AUC of 0.806
(Supplementary Table S7). Analyses stratified by age, sex,
smoking history, and by time from blood sample collec-
tion to diagnosis consistently showed major increases in
the AUC by adding the miR-score in all groups.
To compare the performance of the miR-score and

combination of the miR-score and pack-years with the
smoking-based criteria used in LC screening trials (Supple-
mentary Table S8), we applied all these eligibility criteria
to the prospective set. We observed that 77.5% (NLST cri-
teria), 73.8% (MILD, DANTE, ITALUNG, DLCST criteria),
75.4% (LUSI, NELSON criteria) and 72.3% (DEPISCAN cri-
teria) of LC-free participants were correctly identified as
non-eligible and 54.9%, 59.9%, 57.8% and 60.3% of LC cases
were correctly identified as eligible, respectively (Supple-
mentary Table S9). At cutoffs identifying equal numbers
of LC-free participants as non-eligible based on trial crite-
ria, the corresponding proportions of LC cases identified

as eligible by the combination of the miR-score with pack-
years were 65.4%, 73.4%, 72.2% and 76.4%, respectively, i.e.,
they were 10.5%, 13.5%, 14.4% and 16.1% higher than those
obtained with the trial criteria; indicating that the miR-
score combined with pack-years outperformed the criteria
used in LC screening trials to identify target populations
for LC screening.
In recent years, LC risk prediction models based on

multiple LC risk factors have been proposed for risk strat-
ification in LC screening [7]. Compared to the eligibility
criteria used in the trials, the risk factor-based LC risk
models have demonstrated a superior ability to select
individuals for LC screening [7, 9, 10]. We evaluated the
potential of improving LC risk prediction by combining
established LC risk models with the miR-score within the
risk group of ever-smokers among the prospective set.
The predictive performances of eight individual LC risk
models varied, with AUCs ranging from 0.623 to 0.721
(Table 1). The LungCancer RiskAssessment Tool (LCRAT)
(AUC = 0.721, 95% CI = 0.658-0.783), the Pittsburgh Pre-
dictor (AUC = 0.717, 95% CI = 0.656-0.779) and the Bach
models (AUC = 0.716, 95% CI = 0.654-0.778) performed
best in predicting LC risk. Adding the miR-score to estab-
lished LC riskmodels strongly increased the AUC between
0.041 and 0.096 (P values between 0.001 and 0.061). The
highest optimism-corrected AUCs were observed for the
combinations of the miR-score with the Liverpool Lung
Project Risk Model (LLPi) (0.762), the Pittsburgh Predictor
(0.762) and the LCRAT (0.762).
In conclusion, we derived and validated amiRNA signa-

ture that substantially improved LC risk prediction when
combined with pack-years or risk factor-based LC risk
models. Therefore, the miRNA signature could potentially
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enhance LC risk stratification and might be useful for
identifying high-risk populations for LC screening. Risk
models incorporating the miR-score with established LC
risk models could have important clinical implications for
national LC screening programs and preventive strategies.
Using blood samples routinely collected in medical prac-
tice, the miR-score could be calculated and employed in
combination with established LC risk models for person-
alized LC risk prediction. Applying the miR-score could
maximize screening benefits by facilitating early LC detec-
tion and prevention while minimizing the harms and
costs associated with false-positive diagnoses. Individual-
ized screening by risk models incorporating the miR-score
could thusmake low-dose computed tomography (LDCT)-
based screening more efficient. External validation by
prospective studies is required to verify the performance of
our miRNA signature for LC risk stratification in different
populations. Future research should address the accep-
tance, feasibility, and cost-effectiveness of such signatures
in LC screening programs.
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