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35.000 dead/year 

100 every day 

LUNG CANCER IN ITALY 



J Schiller 

ANNALS OF ONCOLOGY 2015 

-6% +1.2% 



The risk of lung cancer remains high for 

15-20 years after quitting 

Doll R et al. BMJ 2004 

Doll R et al. BMJ 2004 



15% 

survival 

SCREENING: 75% early  

cases 

SYMPTOMS: 75% 
advanced stage  

80% 

survival 



I-ELCAP (2006 NEJM) 

• 31.000 

screen 

subjects 

 

• 484 tumors  

 

• 80% 

Survival 



NLST (National Lung Screening Trial) 
2002-2010 

DRAWBACKS NLST: 

high costs,  

high numbers of recalls (27%) 

high number of useless 

invasive procedures (30%) 

NLST	

LSS	

Depiscan	

NELSON*	

DLCT	

ITALUNG	

DANTE	

Garg†	

UK	

NEJM, 2012 



Harry J. de Koning, Erasmus MC, Public Health Rotterdam. WCLC 25 September 2018 Toronto  

Studio randomizzato europeo 
NELSON TRIAL RESULTS (2018)  

Control arm:  

214 lung cancer deaths 

26-39% (M/F) riduzione della mortalità in 10 years p=0.003 

Stage shift: 50% stadi Ia, 10% stadio IV 

Screen arm:  

157 lung cancer deaths 
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High rate of stage I 
disease (mean size 
16mm) 

Low number of 
recalls (5-10%) 

Low number of FP 
cases (1.3 per 1000) 

Low overdiagnosed 
tumors  (10% of cases 

vdt >600) 

5 yy survival >75% 

COSMOS : LC LDCT 5200 subjects enrolled  

in 1 year in a single center followed for 10 years   

Radiation induced 
cancers (1/108 screen 

cancers ) Veronesi G. Ann Int Med 2012, Veronesi G et al: JTO 2014 

Rampinelli C BMJ 2017  



NELSON TRIAL 

• The largest RCT LDCT screening trial in Europe 

• First study to incorporate software calculated volume doubling 
time (VDT) of nodules into a management algorithm to 
distinguish between positive and negative 

• Nodule classification : 

 Negative: <than 50 mm   (4.6 mm)   

 Positive : >500 mm3  (> 9.8 mm)  

 Indeterminate:  50-500 mm ( 3 month FUP) 

• Results: negative 79%; positive 1.6% ; indeterminate 19% of 
participants  

• Two steps approach: overall positivity 2.6% (but recall rate 21%) 

 

 

van Klaveren RJ N Engl J Med. 2009  

1. Indeterminate nodules 

2. Volumetry 



I-ELCAP: Definition of pos results and workup 

Baseline Round of Screening – Update 2014 
1.FUP in 1 year 
 Negative (noNCN) 
 Semi positive NCN< 6mm 
 Semi positive: Non solid nodule any size 
2. FUP 3 months  
 Positive: NCN 6-14 mm 
 Suspicious: growth at a malignant rate* on 3 m FUP  
3. Immediate work up (PET, biopsy of 1 m LDCT) 
 Suspicious: NCN > 15 mm  
 

*growth is at a malignant rate if the relative change in volume is more than: 
   a) 65% for nodules  3-6 mm;  

   b) 50% for nodules 6-7 mm;  

   c) 40% for nodules 8-9 mm;  

   d) 30% for nodules > 10 mm 

Definition of a positive test result in computed tomography screening for 
lung cancer: a cohort study. 

Henschke CI, Yip R, Yankelevitz DF, Smith JP; IELCAP 
Ann Intern Med. 2013  

Work-up ridotto del 36% 
senza aumento del ritardo. 
diagnostico 

Cut off da 5 a 6 mm 

 per i richiami  



• 75% aggressive 

tumors (VDT <400 

gg) 75% 

• 15% slow growing 

(VDT 400 – 600 gg) 

• 10% indolent 

(VDT>600 gg)  

 

 

  

Conservative treatment 

or wait and see 

 

AGGRESSIVENESS OF TUMORS ACCORDING 

TO VDT and estimation of overdiagnosis 
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Veronesi G Ann Intern Med. 
2012;157:776-784. 

ROBOTIC SEGMENTECTOMY 

 WITH ICG 

MIS WEDGE RESECTION SABR 



RISULTATI COSTO EFFICACIA  
IN ITALIA 

LC Screening in Italy 13 

Author Year 

Screening 

Type 

Outcome 

metric 

Incremental Cost 

[2014 US$] Incremental Effect ICER [2014 US$] 

Shmueli 2011 One Time QALY 86 [90.51] 0.0591 1,464 [1540.78] 

Bocconi\ICH 

EUR 

(2018) Repetitive LY 254.95 0.087  2943 

Marshall 1999 One Time LY 260 [369.46] 0.0438 5,940 [8440.65] 

Pyenson 2014 Repetitive LY 16053 0.87 18,452 

Pyenson 2012 Repetitive LY NR NR 18,862 [19448.76] 

Marshall 1999 Repetitive QALY 960 [1364.15] 0.0491 19,533 [27756.11] 

Villantini 2012 Repetitive QALY 1546 [1594.09] 0.055 28,240 [29118.50] 

Chirikos 2000 Repetitive LY 76500 [105170.25] 1.582 48,357 [66479.97] 

Black  2009 Repetitive 

LY and 

QALY 1631 [1799.77] 0.0316 and 0.0201  

52,000 and 

81,000 

[57380.69] 

and 

[89381.46]  

Manser 

AUSD 

(2002) Repetitive QALY 1649 [1623.64] 0.016 105,090 [103473.51] 

Mahadevia 2001 Repetitive QALY 4600 [6148.99] 0.039 116,300 [155462.54] 

Beinfeld 2001 One Time LY 2513 [3359.22] 0.016 151,000 [201847.32] 

McMahon 2006 Repetitive QALY 

1778–3637 

[2087.88–4270.88] 0.009–0.022 144,000–207,000  

[16909.26–

243077.31] 

Field 2016 One time  LY 0.01-0.04 6325 POUNDS 

Iaslc 2018 Toronto: Veronesi G et al 

LC ICER QUALY 3297 EUROS  
1/4 OF THE BREAST CANCER SCREENING ICER  



LC Screening in Italy 14 

Cost-effectiveness of osimertinib for EGFR-mutation-positive non-small-cell lung cancer after progression of first-line EGFR TKI therapy." J Thorac Oncol. 

Pyenson, B. S., et al. (2014). "Offering lung cancer screening to high-risk medicare beneficiaries saves lives and is cost-effective: an actuarial analysis." Am Health Drug 

Benefits 
UK: Field, J. K., et al. (2015). "UK Lung Cancer RCT Pilot Screening Trial: baseline findings from the screening arm provide evidence for the potential implementation of 

lung cancer screening." Thorax.  
Bertranou, E., et al. (2017). "Cost-effectiveness of osimertinib in the UK for advanced EGFR-T790M non-small cell lung cancer." J Med Econ:  

Il costo incerementale per anno di vitsìa  salvato dello screening  molto inferiore  
alcosto. incrementale dei  trattamenti dello stadio avanzato 



SENSITIVITY ANALYSIS CEA: MONTECARLO 
SIMULATION  

Confidential LC Screening in Italy: Veronesi-Navone  



  N 

DOXA 

(2015) 

N 

ISTAT 

(2017) 

Never 

smokers (%) 
Ex-smokers (%) Current smokers (%) 

Subjects at 

risk* (%) 

Italians at 

risk° (N) 

    <15 years ≥15 years <30 PY ≥30 PY     

    <30 PY ≥30 PY           

Total 1095 17,757,163 66.7 3.7 4.6 10.4 7.0 7.6 12.2 2,166,374 

                      

Sex                     

Men 490 8,363,874 52.4 3.9 8.0 16.7 7.7 11.3 19.3 1,614,228 

Women 605 9,393,289 78.4 3.5 1.8 5.2 6.4 4.7 6.5 610,564 

                      

Age (years)                     

55-66 554 9,321,051 64.2 5.1 4.6 7.8 8.4 9.9 14.5 1,351,552 

67-80 541 8,436,112 69.3 2.2 4.5 13.1 5.5 5.4 9.9 835,175 

                      

Geographic area                     

Northern Italy 524 8,316,485 64.0 4.3 4.2 9.7 9.2 8.6 12.8 1,064,510 

Central Italy 226 3,584,593 72.9 1.4 3.7 9.3 5.9 6.8 10.5 376,382 

Southern Italy and 

islands 
345 5,856,085 66.8 4.3 5.8 12.1 4.3 6.7 12.5 732,011 

DISTRIBUTION OF 1095 ITALIAN NEVER, EX- OR CURRENT SMOKERS AGED 55-80 
ACCORDING TO SEX, AGE, AND GEOGRAPHIC AREA ITALY 2015 

Italians at risk are computed using prevalence figures from DOXA and numbers in each 
category from ISTAT  

  

LC Screening in Italy: personal comunication S. Gallus et al  

Target population in Italy:  
2 millions  

Policy Expected cost 

Expected 

outcome (life 

years) 

Incremental cost 
Incremental 

effect 
ICER QALY effect ICER (QALY) 

Screening  €      1,470.57 19.52 

Usual Care  €      1,193.21 19.45  €     277.36  0.068 
 € 4,070.0

0 
0.058  €    4,747.57 

Screening  €   3,185,795,757.78 42,283,608.06 

Usual Care  €   2,584,940,525.88 42,135,977.92  € 600,855,231.89  147,630.146 



The investment to screen 2 millions individuals in Italy 
in 5 years  

 < 600 milions euros in 5 years = 
120 milions /year 

17 

In Italy we spend 5000 milions for prevention of 
diseases = 

4%  of cost of health (150.000 millions)  

120/5000 =2.4% 



OBIETTIVI PROGETTO SMAC 

PROGETTO 
PILOTA 

TERRITORIO 

PREVENZIONE 
CARDIOVASC
OLARE CON 

CAC 

ASSOCIARE 
PREVENZIONE 

PRIMARIA E 
DIAGNOSI 

PRECOCE BPCO 

VALIDARE 
MARCATORI 

MOLECOLARI E 
BIORADIOMICA 

CON AI 

ANALISI COSTO EFFICACIA 



Study design SMAC 



PLCOm2012 RISK MODEL 
 



Coronary artery calcium (CAC) 
Detection and quantification by CT 

Calcified area = 3mm2  

Max. HU = 345 

Agatston score: 

CAC = Area x Density factor 

CAC = 3mm2 x 3 

CAC = 9 

Density factor 

130-199 HU  1  

200-299 HU  2  

300-399 HU  3  

≥400 HU       4      



Coronary artery calcium (CAC) 
CAC ≥1000 in primary prevention patients 

Peng A et al. (2019) JACC Cardiovascular Imaging 73 (supplement) 

Primary prevention  

patients 
Secondary prevention  

patients 

Diffuse CAC 

Extracoronary calcifications 



Coronary artery calcium (CAC) 
Risk stratification in smokers 

Leigh A et al. (2018) JACC Cardiovascular Imaging 

481 lung cancer screening eligible smokers 



GPS based recruitment of age > 55 years old and >30 
packs/year PLCO 2012>2, consent to be contacted  

Negative nodule 

First appointment: (reserach nurse)  
• IC signed 
• Questionnaire  + SaO2 

• Blood sample collection 
• Spirometry 
• Smoking cessation interview, CO dosage and 

Fagerstrom test and motivational test (expert SCU*) 
• LDCT (technician) 

Telephone interview with PM and PI and PLCO criteria 
assessment (risk model 1; LC  risk > 0.7)  

Indeterminate nodule or positive scan 

Multidisciplinary Consultation 

Diagnostic Algorithm 
• Biopsy+ PET  
• 3-6 months LDCT 

Risk model 2  

Periodic LDCT ( 1 or 2 years) 

Cardiologist  evaluation   

Pulmonary or CAC criteria  
positive  
 

Radiologist: Nodules, CAC score, emphysema 

Pulmonologist evaluation 

Blood Sample: 
1. Tissue Bank (mirna, DNA 

mutation, Exosome antigens, 
PTX3) 

2. IL2, IL 8, CRP 
3. CTC (negative controls only + 

preop sample for LC pts) 

STUDY DESIGN   SMAC-1/ SMAC-2/Clearly 

• Study Cohort N= 2000  
• Start Date: 1° Sept 2018 
• Follow-Up: 3 years 

*SCU: Smoking Cessation Unit 



 Score ≥5%&<10% 

High risk 

Statin 
recommended  

Score  <1% 
Low risk 

Score  ≥1% & < 5% 
Moderate risk 

 

Score <5% 

If one of the following: 
• CAC score ≥ 100 
• Family history of CVD 

If both of the following: 
• CAC score ≥ 100 
• Family history of CVD 
Or CAC score ≥ 300 
 

Statin therapy  

     CAC score ≥ 1000 

Statin therapy 
Cardiac visit 

LDL levels 
   <115 mg/dl 

LDL levels 
   ≥100 mg/dl & <115 mg/dl 

LDL levels 
   ≥100 mg/dl 

LDL levels 
   <100 mg/dl 

Score ≥10% 
Very High risk 

LDL levels 
   ≥70 mg/dl 

LDL levels 
   <70 mg/dl 

LDL levels 
   ≥115 mg/dl 

Target goal 

If CAC score ≥ 300 
 

LDL levels 
≥70 mg/dl & <100 mg/dl 

Statin therapy  

If CAC score ≥ 300 
 

Cardiac visit 

Non-diabetic patients 



Preliminary results 
CAC distribution 
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Si ringrazia Alexia Rossi  per il contributo 
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Preliminary results 
CAC distribution according to ASCVD risk class 

Very low 

<5% 

n=29  

ASCVD risk class 

Low 

5 - 7.5% 

n=24  

Moderate 

7.5 - 20% 

n=131  

High 

>20% 

n=76  

% 
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Si ringrazia Alexia Rossi  per il contributo 
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• CAC score ≥ 100 
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Or CAC score ≥ 300 
 

Statin therapy  

     CAC score ≥ 1000 

Statin therapy 
Cardiac visit 

LDL levels 
   <115 mg/dl 

LDL levels 
   ≥100 mg/dl & <115 mg/dl 

LDL levels 
   ≥100 mg/dl 

LDL levels 
   <100 mg/dl 

Score ≥10% 
Very High risk 

LDL levels 
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If CAC score ≥ 300 
 

LDL levels 
≥70 mg/dl & <100 mg/dl 

Statin therapy  

If CAC score ≥ 300 
 

Cardiac visit 

Non-diabetic patients 



SCREENING WITH LD CT 

B ioMOLECULAR DIAGNOSIS: 

MicroRNA; CTC 

Exosome antigens  

ctDNA mutation  

radiomica 

Chemoprevention

and antismoking 

campaign 

Calcium 

score 

Cardiac event 

COPD 

COPD 

Recruitment strategy  
target population 

Health economy  
assesment 



65% 

35% 

ARRUOLATI 

M F

ANALISI POPOLAZIONE SMAC (10/9/2018-1/3/2019 =719) 

[VALUE] 

[VALUE] 

8,30% 

Tumori 

STADIO I-II

STADIO III

STADIO IV

72% 

28% 

Maschi 

FUMATORI EX FUMATORI

86% 

14% 

Femmine 

FUMATORI EX FUMATORI
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7,5% 

74,5 % 

21 % 

6 % 
FEV 1 (%) FEV 1 > 80

FEV 1 60-80

FEV 1 < 60
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SOFTWARE, VOLUMETRIA E AI 

Artificial 
Intelligence 

Machine 
Learning 

Deep 
Learning 

Artificial 
Neural 

Networks 



EVOLUTION OF SURGICAL APPROACH 

2001 
LDCT 

Robotic 

surgery 

2006 



WEDGE AND SEGMENTS ARE ADEQUATE ONCOLOGICAL 

 OPEARTION FOR VERY EARLYSTAGE TUMOR (SUBSOLID, SLOW GROWING, LOW SUV) 





  

Robotic anatomic lung segmentectomy 

is feasible, safe and reproducible in 

different  centres 

Robotic system, by improving 

ergonomic, surgeon view and precise 

movements, may make minimally 

invasive segmentectomy easier to adopt 

 and perform 

JTCVD 2012 



Lancet Oncology 2017 



PERCHE SI ALLO SCREENING del 

TUMORE  POLMONARE (LCS) 

• Gli ex fumatori hanno rischio oncologico elevato per 15 

anni dopo stop fumo 

• Tumori riscontrati con LCS 80% srv a 5 anni rispetto a 

15% senza LCS 

• Con LCS riduzione della mortalita per ca polmonare 

20-40%  

• CEA 3000 euro per anno di vita salvato aggiustato per 

qualita di vita 

• Calcium score con TC screening valore aggiunto per 

ridurre rischio cardiovascolare  

•  Trattamenti poco invasivi come la segmentectomia  





Session 1: screening strategies, 

epidemiology and public health  

LUNG CANCER SCREENING WORKING GROUPS AND 

SYSTEMATIC REVIEW TO DEFINE THE POLICY IN 

EUROPEAN COUNTRIES 

Milan  27th Nov 2018 

1.Come reclutare individui ad alto rischio 

sul territorio  

2.Come identificare popolazione target, 

quale modello rischio  e quale intervallo di 

screening 

3. Come identificare popolazione a  

rischio per esposizione ad asbesto 

4. Qual’e la dimensione economica  



Session 2: 

Standardisation of LDCT reading parameters 

within nodules detection and surgical treatment 

1. Quali parametri di acquisizione, protocollo di lettura e 

report dei noduli 

2. Quale protocollo diagnostico per noduli solidi e non 

solidi 

3. Quale trattamento locale, ruolo chirurgo e del MTB 

Session 3:  

Smoking cessation activity and other collateral 

benefits of screening  
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