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Lung Cancer:  The #1 Global Cause of Cancer Death

1.1 Billion +
smokers worldwide and 

increasing1

Prevalence of smoking any tobacco product among persons aged >= 15 years in 2015: male

World Health Organization (WHO), WHO Report on the Global Tobacco Epidemic, 2017

19%

28% 48%

>1.8 Million LC deaths

< 20% 5-year survival 



NLST

(USA) 

2011
- 20%

Volunteers:  > 50,000

Nodule size : > 3 mm diameter 

no risk modulation

LDCT: 3 rounds / 2 years

- 26%

Volunteers: > 15,000

Nodule size : > 50 mm3 volume + VDT

no risk modulation

LDCT: 4 rounds / 6.5 years

NELSON

(NL-BE)

2020

- 39%

Volunteers: > 4,000

Nodule size : > 60 mm3 volume + VDT + 

PET

LDCT risk modulation (1yr vs 2yrs)

5+ rounds / 8-10 years

MILD

(ITALY)

2019

Stage I-II > 50%

LDCT screening trials results
lung cancer mortality can be reduced



Reduction of 

subjects needed 

to be followed

Decrease false 

positive rate of LDTC
Identify high risk 

population

Clinical utility of biomarkers in screening settings

Pre-screening

Identifies 

asymptomatic 

high risk 

individuals

2nd line test 

Resolves 

suspicious  

nodules

Surveillance

Detects 

recurrence 

of lung cancer

1st line test

Determines 

further 

screening 

intervals



Sources of lung cancer biomarkers

Seijo LM, et al. JTO. 2018



Targeted methylation 
(cfDNA) Galleri TM (Grail) 

tumor agnostic

Sens. 21.9% Stage I: 95,2% Stage IV
Retrospective Case-control LC Klein, Ann Oncol 2021

Sens. 8.7% Stage I: 96,3% Stage IV
Prospective symptomatic pts LC

Nicholson, Lancet Oncol 2023

Mazzone, Can Discovery 2024

Genome wide 
Fragmentome (cfDNA) 
DELFI tumor agnostic

Sens 71%  Stage I (58%spec) prosp. 
case-control (DELFI-L101) LC

Sens 17% Stage I-II: 83% Stage III-IV 
symptomatic patients LC Leal,  Chest 2023

Sens. 29% all st (19 solid,17 Lymph) 
Spec 99% Prosp PATHFINDER MCED

Schrag, Lancet 2023;          

Circulating Tumor Cells
(CTC) tumor-agnostic

Baseline CTC: Sens 26.3%; Spec 96.2%
AIR LC screening trial 

CTC clusters: sens 41.4%, Spec 100%
Prospective small LC screening study

Marquette, Lancet Res Med 2020

Manjunath, Lung Cancer 2019 

LUNG CANCER BLOOD 
BIOMARKERS 

NHS Galleri trial in  UK
142.000 adults aged 50-77, 
randomized test vs no test, 3yrs FU

The primary endpoint of 
statistically significant stage III-IV 
reduction was not observed 
Cohen, BMJ 2026. Results will be 
presented at ASCO 2026
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Cortez MA et al. Nat Rev Clin Oncol. 2011

Exosomes

High-density

lipoproteins

Active
release

RNA-binding proteins

(Ago 2, NPM1)

Passive 
release

Small non-coding RNAs that regulate gene 

expression by binding complementary sequences of 
target mRNAs inducing their degradation or 
translational repression

Easily detectable by 
common technique 
(RT-qPCR)

miRNAs remain rather 
intact and stable in 
plasma/serum 

Circulating microRNAs: biomarkers of the 

tumor-host interplay



Since plasma miRNAs showed good statistical properties (i.e.gaussian distribution), 

but no housekeeping circulating miRNAs were found, we used miRNA ratios in 

logarithmic scale instead of single miRNA features
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Mean normalization miRNA ratios

Mean normalization miRNA ratios
a)

b)

100 * 99 
2

100 miRNAs
circulating in plasma

=  4950 miRNA Ratios

24 miRNAs composing 

ratios differentially 

expressed between cases 

and controls:

mir-16, mir-17, mir-21, mir-101, mir-126, mir-145, 

mir-197, mir-221, mir-320, mir-451, mir-660, mir-

106a, mir-133a, mir-140-3p, mir-140-5p, mir-142-

3p, mir-148a, mir-15b, mir-19b, mir-28-3p, mir-

30b, mir-30c, mir-486-5p and mir-92a.

RD PD

PAD

AUC=0.89 AUC=0.92

AUC=0.94AUC=0.94

Sample size 924
Positive 54
Negative 870 

Sample size 913
Positive 43
Negative 870 

Sample size 886
Positive 16
Negative 870 

Sample size 879
Positive 9
Negative 870 

RADRD PD

PAD

AUC=0.89 AUC=0.92

AUC=0.94AUC=0.94

Sample size 924
Positive 54
Negative 870 

Sample size 913
Positive 43
Negative 870 

Sample size 886
Positive 16
Negative 870 

Sample size 879
Positive 9
Negative 870 

RAD

4 Signatures: Risk, Prognosis, Risk Aggressive Disease,Prognosis Aggressive Disease

miRNA SIGNATURES  IN PLASMA OF SCREENING  PARTICIPANTS



VALIDATION SET

MILD: 4099 high risk individuals

 85 LC within 5 years

Vs.

TRAINING SET

Pilot study: 1035 high risk individuals

 
38 LC within 5 years

Vs.

MSC Risk level

Positive
High

Intermediate

Negative Low

Plasma 
collection

microRNA 
profiling

Signature 
generation

Ratios
between 24 
microRNAs

87% 
Sensitivity

81% 
Specificity

Boeri et al. PNAS, 2011  

Sozzi et al. JCO, 2014

RNA-biomarkers: the microRNA signature 

classifier (MSC)

5 fold reduction of false-positives
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The BioMILD screening trial

CT negative

0-112 mm3
CT positive or ?

≥ 113 mm3

LDCT

MSC 

positive

800

MSC 

negative

2664

MSC 

positive

209

MSC 

negative

446

CT+/MSC+

5%

CT-/MSC-

65%

CT-/MSC+

19%

CT+/MSC-

11%

3 years 1 year 1 year or 3 months

Saving >30% CT exams in 3 years

67%

• Baseline LDCT and blood microRNAs profile 
(MSC) define individual lung cancer risk profiles.

• Targeted LDCT intervals reduce unnecessary 
repeat LDCT without detrimental effect (stage I 
LC, resection rates, interval cancers)

• MSC risk test shows a major added value for CT 
indeterminate/positive  participants

2022

4119  participants



N= 1024  participants  with CT ind (1403)/pos (584) results and 
1987 MSC test
N= 168 incident LC within 2 years (3.4% CTind; 20.5% CT+) 
Median follow-up: 8.5 years

HR(95%CI)=4.4 (3.0-6.4) HR(95%CI)=8.1(2.7-24.5)

LC Incidence LC Mortality



Speaker Name |  Presentation Title 15

Upfront MSC in LCS eligible (n=3139): 
Sensitivity 58.7%, 56.5% stage I; 

Specificity: 75.8%
1.1
%

4.7
%

Per-case lung cancer detection cost of ~€14,000 for 
the biomarker-driven strategy versus ~€12,000 for 
standard screening. 

Median costs in Italy of non-

screen detected advanced 

NSCLC

~ 52000€ x LC
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G= granulocyte; L= lymphocyte; M= monocyte; P= platelet

microRNAs composing the MSC derive from hematopoietic cells

Fortunato O, Int J of Cancer 2018



Modulation of the 24 miRNAs in the transition toward a 
protumorigenic/immunosuppressive phenotype  

Epithelial cell

Neutrophils

Macrophages

T-Lymphocytes

Platelets

Fibroblasts

Phenotype Protumorigenic

Tumor cell

Low density

M2

T regs

TEM

CAF

Antitumorigenic

Normal cell

High density

M1

T activated

Normal

Normal

24 miRNAs

mir-16, mir-21, mir-
221, mir-30c and 

mir-451

mir-221, mir-320,  
mir-101, mir-451 and 

mir-660

mir-142-3p, mir-15b, 
mir-145, mir-17, mir-

197, mir-320…

mir-106, mir-197, mir-
28-3p, mir-17, mir-

19b, mir-15b…

mir-126, mir-140-5p, 
mir-142-3p, mir-28-

3p, mir-486-5p...

mir-145, mir-106a, 
mir-17 and mir-16

Fortunato O, Int J of Cancer 2018



Training set

Lung Cancer = 20
Control = 20

Flow-cytometry 

23 marker panel

Flow-cytometry 

11 marker panel

Testing set

Lung Cancer = 40
Control = 40

Specificity set

Lung Cancer = 19
Non-lung Cancer = 8

RT-qPCR 

26 marker panel

RT-qPCR 

14 marker panel

Correlation set

Lung Cancer = 6
Control = 6
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A complementary immune signature classifier for LC risk

14 immune genes expression signature 

Monocytic

MDSC

CD14+HLA-DRneg

CD14+PD-L1+

PMN

MDSC

CD15+HLA-DRneg

CD15+LOX1+

Intermediate 

Monocyte  

CD14+CD16+

Activated

cytotoxic T cells

T CD8+PD-1+

Fortunato O. et al. Cancer Epidemiol Biomarkers Prev 2022 AACRJournals.org

CD8A,GZMB,PRF1,PDCD1,APBA2(Tcells);GFRA2(IMo);
CD274,S1PR3,SEMA4B,TGFB1,CD14(M-MDSC);FUT4,
FPR1,HCAR2 (PMN-MDSC)
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3 months-1year

8% participants: 
2 years
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AUC=1.00
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AUC=0.65

Training set Validation set

All subjects

MSC positive 

subjects

MSC negative 

subjects

AUC=0.88

AUC=0.92

AUC=0.79

Specificity setAll subjects MSC negative subjects

FLOW CYTOMETRY RT-PCR

A chained-rule approach in lung cancer screening 
may reduce 48% unnecessary procedures

AUC=0.84



Clinical Value of Combining Molecular and Immune Blood Tests to Safely 
Reduce False Positives in Low-Dose CT Lung Cancer Screening

21

CONCLUSION: Integration of immune and molecular markers significantly enhances LDCT screening 

accuracy, possibly reducing unnecessary follow-up exams and invasive procedures.

Zanghì A, Moro M, Fortunato O, et al. Journal of Thoracic Oncology
https://doi.org/10.1016/j.jtho.2026.103614

LC<2y

Total LC

Area under curve 
(AUC) 0.68

95% CI for AUC 0.60-0.76

Area under curve 
(AUC) 0.60

95% CI for AUC 0.52-0.67
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Test
Sensitivity 

(95%CI)

Specificity

(95%CI)

PPV 

(95%CI)

NPV

 (95%CI)

MSC & ISC
0.96 

(0.87;0.99)

0.37 

(0.31;0.43)

0.25 

(0.19;0.31)

0.98 

(0.93;0.99)

MSC test

False-positive 

LDCT nodules 
-37%

LC<2y

Total LC

n=54 n=29

304 participants
7.5 yrs follow up

https://doi.org/10.1016/j.jtho.2026.103614


Italy - Lung Screening Network

1) recruitment of 10,000 smokers
(age 55-79, ≥ 30 p/y)
2) centralized LDTC images db
3) management quality control
4) centralized LDTC reading
5) national blood biobank
6) training of screening personnel
7) active role of GP

approved by Parliament (July 2021)-start of LDCT screening 
(September 2022)-cost/efficacy evaluation (Dec 2024)
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Epigenomics & Biomarkers
of Solid Tumors Unit

Statistics and Data Management

Thoracic Surgery Unit

O. FortunatoA. Zanghi’
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