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Estimated 2.20 million new cases and 1.79 million deaths per year: lung cancer is one of the most frequently diagnosed cancers
and the leading cause of cancer-related deaths worldwide.

LUNG CANCER SCREENING: WHY?

• The 5-year relative survival for
- stage I: 50%–90%
- stage IV : 3%–6%

• improvements in understanding
of disease biology, application of 
predictive biomarkers and 
refinements in treatment

AIM --> to diagnose at an earlier
stage to decrease lung cancer-
related deaths and improve survival.

- Thai AA, Solomon BJ, Sequist L V., Gainor JF, Heist RS. Lung cancer. Lancet. 2021;398(10299):535–54
- Gierada DS, Black WC, Chiles C, Pinsky PF, Yankelevitz DF. Low-Dose CT Screening for Lung Cancer: Evidence from 2 Decades of Study. Radiol Imaging Cancer. 2020 Mar 1;2(2):e190058
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LUNG CANCER SCREENING: HOW?
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- Thai AA, Solomon BJ, Sequist L V., Gainor JF, Heist RS. Lung cancer. Lancet. 2021;398(10299):535–54
- Gierada DS, Black WC, Chiles C, Pinsky PF, Yankelevitz DF. Low-Dose CT Screening for Lung Cancer: Evidence from 2 Decades of Study. Radiol Imaging Cancer. 2020 Mar 1;2(2):e190058

2 RCTs

NSLT NELSON



• U.S.A : 2002-2009

• N= 53 454  high-risk volunteer participants at 33 U.S. locations,
• age 55–74 years, 
• Smoking history : minimum of 30 pack-years , currently smoking or quit within the last 15 years
• Exclusion: previous diagnosis of lung cancer, chest CT within 18 months before enrollment, 

hemoptysis or unexplained weight loss (> 6.8 kg) in the last year.

-National Lung Screening Trial Research Team, Aberle DR, Adams AM, Berg CD, Black WC, Clapp JD, et al. Reduced lung-cancer mortality with low-dose computed tomographic screening. N Engl J Med. 2011 Aug 4;365(5):395–409. 

-Gatsonis CA, Aberle DR, Berg CD, Black WC, Church TR, Fagerstrom RM, et al. The national lung screening trial: Overview and study design. Radiology. 2011;258(1):243–53. 

The primary endpoint of the NLST was lung cancer mortality.

Secondary endpoints include all-cause mortality, incidence of lung cancer, lung cancer case survival (as measured
from age of diagnosis), and lung cancer stage distribution.



The median duration of follow-up was 6.5 years, with a maximum duration of 7.4 years in each group.
Participants in whom lung cancer was diagnosed were not offered subsequent screening tests. 

N= 53 454 RANDOMIZED:

3 screenings (T0, T1, and T2) at 1-year intervals, 
T0= performed soon after the time of randomization.

-National Lung Screening Trial Research Team, Aberle DR, Adams AM, Berg CD, Black WC, Clapp JD, et al. Reduced lung-cancer mortality with low-dose computed tomographic screening. N Engl J Med. 2011 Aug 4;365(5):395–409. 

-Gatsonis CA, Aberle DR, Berg CD, Black WC, Church TR, Fagerstrom RM, et al. The national lung screening trial: Overview and study design. Radiology. 2011;258(1):243–53. 

Chest radiography (26,732)Low-dose CT screening [LDCT] (n. 26,722) or



LDCT group: 1060 lung cancers (645 per 100,000 person-years)
- 649 after a positive screening test, 
- 44 after a negative screening test
- 367 among participants who missed the screening or 

after trial screening phase was over

XR group: 941 lung cancers (572 per 100,000 person-years ) 
- 279 after a positive screening test, 
-137 after a negative screening test, 
- 525 among participants who missed the screening or 

after trial screening phase was over

(rate ratio, 1.13; 95% [CI], 1.03 to 1.23).

• The rate of adherence : 90%
• The rate of positive screening tests:

• LDCT 24.2% 
• RX 6.9%

• False positive results:
• LDCT 96.4%
• RX 94.5%

-National Lung Screening Trial Research Team, Aberle DR, Adams AM, Berg CD, Black WC, Clapp JD, et al. Reduced lung-cancer mortality with low-dose computed tomographic screening. N Engl J Med. 2011 Aug 4;365(5):395–409. 



Stage IA and stage IB highest among cancers diagnosed after a positive screening test in each group
Fewer stage IV cancers in the low-dose CT group than in the RX group at the 2nd and 3rd rounds 

→ the stage distribution was more favorable in the low-dose CT group than in the radiography group



The primary endpoint of the NLST was lung cancer mortality.

There were 1877 deaths in the low-dose CT group, as compared with 2000 deaths in the radiography group, representing a 
significant with low-dose CT screening of 6.7% (95% CI, 1.2 to 13.6) in the rate of death from any cause (P = 0.02).

Lung cancer accounted for 24.1% of all the deaths in the trial. 

LDCT : 356 deaths from LC -> rates of death 247/100,000 pers-years
XR:  443 deaths from LC -> rates of death 309/100,000 pers-years

→ relative reduction in the rate of death from LC with LDCT of 20% 
(95% CI, 6.8 to 26.7; P = 0.004).

1 : 320
one death
prevented

number of patients
needed to screen (LDCT)



De Koning HJ, van der Aalst CM, de Jong PA, Scholten ET, Nackaerts K, Heuvelmans MA, et al. Reduced Lung-Cancer Mortality with Volume CT Screening in a Randomized Trial. N Engl J Med. 2020 Feb 6;382(6):503–13. 

• Dutch–Belgian (NEderlands–Leuvens Longkanker Screenings ONderzoek [NELSON]):  population based RCT 2004-2012
• N= 13195 high-risk male participants

• age 50-74 years
• Current or former smokers > 15 cig/day x >25 yrs or >10 cig/day x >30 yrs or formers who quit ≤10 yrs ago
• Exclusion: inability to climb two flights of stairs; weight >140 kg; current or past renal cancer, melanoma, or 

breast cancer; lung cancer or treatment related to lung cancer within the past 5 years; or a chest CT scan 
within the past year.

• AIM:  reduction in lung-cancer mortality of 25% or more with volume-based, low-dose CT lung- cancer screening in high-
risk male participants at 10 years of follow-up. 

→ The primary outcome of the NELSON trial was lung cancer–specific mortality. 



N= 13195  RANDOMIZED:  
Screening group(n. 6583) or control group(6612)

Baseline scan

Year 1 scan

Year 3 scan

Year 5,5 scan

• 4 rounds of low-dose CT screening
• Analysis of  semiautomated segmentation of 

nodules and determination of volume.

LC mortality 10 yrs FU

LC mortality 10 yrs FU

Depending on the volume 
&

volume-doubling time,
a screening could be 

negative, indeterminate, 
or positive

De Koning HJ, van der Aalst CM, de Jong PA, Scholten ET, Nackaerts K, Heuvelmans MA, et 
al. Reduced Lung-Cancer Mortality with Volume CT Screening in a Randomized Trial. N Engl
J Med. 2020 Feb 6;382(6):503–13. 



indeterminate screening test: repeat CT scan to 
calculate volume-doubling time before the final
screening-test outcome. 

In follow-up rounds, 55% of new nodules resolved.

Required further workup by the pulmonologist, 
leading to 203 screening-detected lung cancers

The overall positive predictive value of a positive screening test was 43.5% - over all rounds 1.2% had a false positive test 

At 10-year follow-up, the cumulative incidence of LC :



stage IA or IB : 
58.6% screening group
vs.14.2% in non-screening detected
and 13.5% in control group

Stage IV 
51.8% in non–screening- detected
45.7% in control group 
9.4% of the screening-detected

Most (screening- detected) lung cancers
were adenocarcinomas

59%

58,6% 14,2% 13,5%

substantial shift to lower-stage cancers at the time of diagnosis = more frequent eligibility for 
curative treatment (mainly surgical)

De Koning HJ, van der Aalst CM, de Jong PA, Scholten ET, Nackaerts K, Heuvelmans MA, et al. Reduced Lung-Cancer Mortality with Volume CT Screening in a Randomized Trial. N Engl J Med. 2020 Feb 6;382(6):503–13. 

2.5-year interval reduced the effect of screening and resulted in more interval cancers and more advanced
tumors than a one-year or a two-year interval

59.0% of all lung cancers in the screening 
group were detected on screening;
12.8% (44 of 344) were interval cancers



Death  from LC at 10 years of follow-up:

Lung Cancer specific mortality→ Reduced by 24% in screening arm!

De Koning HJ, van der Aalst CM, de Jong PA, Scholten ET, Nackaerts K, Heuvelmans MA, et al. Reduced Lung-Cancer Mortality with Volume CT Screening in a Randomized Trial. N Engl J Med. 2020 Feb 6;382(6):503–13. 



The observation that low-dose CT screening can reduce the rate of death from lung cancer
has generated many questions: 

Will populations with risk profiles that are different from those of the NLST/NELSON participants benefit? 
Are less frequent screening regimens equally effective? 

For how long should screening continue?

• LDCT → significantly increased likelihood of detecting a stage I lung cancer [RR = 2.73]

→ significantly reduced the risk of lung cancer mortality by 20% (RR= 0,80) 2

• Gender specific effects: non-significantly lower risk of lung cancer mortality for women than for men

• N =265 to screen to prevent 1 LC death, based on 3 to 5 rounds of screening with up to 10 years of follow-up in high-

risk smokers → compares favorably with other cancer screening programs.

• LC screening does not significantly reduce the risk of overall mortality 

META-ANALYSIS! (1,2)

1. Hunger T, Wanka-Pail E, Brix G, Griebel J. Lung cancer screening with low-dose ct in smokers: A systematic review and meta-analysis. Diagnostics. 2021;11(6):NA. 

2. Hoffman RM, Atallah RP, Struble RD, Badgett RG. Lung Cancer Screening with Low-Dose CT: a Meta-Analysis. Vol. 35, Journal of General Internal Medicine. Springer; 2020. p. 3015–25.



2. Hoffman RM, Atallah RP, Struble RD, Badgett RG. Lung Cancer Screening with Low-Dose CT: a Meta-Analysis. Vol. 35, Journal of General Internal Medicine. Springer; 2020. p. 3015–25.



META-ANALYSIS! (1,2)

• False positive rate =  8%     

N.B. NLST, which primarily defined positive studies using a nodule diameter ≥ 4 mm, had a false positive rate 
of  23.3%;  NELSON trial, which had a false positive rate of only 1.2%, used volumetric criteria. 

• Complications (Only NLST) : Overall, 17/1000 with a false positive LDCT had an invasive diagnostic procedure and 0.4 /1000 
suffered a major complication.

• Overdiagnosis rate of 33% = overdiagnosing and overtreating indolent cancers; BUT Overdiagnosis in trials is strongly 
dependent on the duration of follow-up, the individual remaining life expectancy, and competing risks of death -> lack of 
sufficient follow-up time. 

E.g. NELSON: initially estimated an overdiagnosis rate of 19.7% through 10 years of follow- up; 
however, extending follow-up to 11 years reduced the rate to only 8.9%.

1. Hunger T, Wanka-Pail E, Brix G, Griebel J. Lung cancer screening with low-dose ct in smokers: A systematic review and meta-analysis. Diagnostics. 2021;11(6):NA. 

2. Hoffman RM, Atallah RP, Struble RD, Badgett RG. Lung Cancer Screening with Low-Dose CT: a Meta-Analysis. Vol. 35, Journal of General Internal Medicine. Springer; 2020. p. 3015–25.



META-ANALYSIS! (1,2)

• 7.5% incidental findings (>> emphysema and coronary artery calcification)

• The optimal number and frequency of LDCT screening rounds are uncertain -> Less frequent screening intervals, 
particularly following a negative baseline scan, could make screening more cost effective and reduce radiation exposure

• No statistical association between patient characteristics (age, pack-years or smoking status) and LC mortality benefits 
seen with screening 

→ using comprehensive risk models (e.g. additional socio-demographic characteristics, clinical features, and family 
history) to select patients for screening may be more cost effective.

1. Hunger T, Wanka-Pail E, Brix G, Griebel J. Lung cancer screening with low-dose ct in smokers: A systematic review and meta-analysis. Diagnostics. 2021;11(6):NA. 

2. Hoffman RM, Atallah RP, Struble RD, Badgett RG. Lung Cancer Screening with Low-Dose CT: a Meta-Analysis. Vol. 35, Journal of General Internal Medicine. Springer; 2020. p. 3015–25.



«To translate the benefit of screening as shown by the considered RCTs to a population-
based screening activity, high-quality standards and stringent requirements, as in the RCTs, 

have to be implemented. To meet these standards, the screening activities should be 
embedded in a structured screening process and involve interdisciplinary medical teams 

with expertise in radiology, pulmonology, and thoracic surgery.»

1. Hunger T, Wanka-Pail E, Brix G, Griebel J. Lung cancer screening with low-dose ct in smokers: A systematic review and meta-analysis. Diagnostics. 
2021;11(6):NA



… In practice

Krist AH, Davidson KW, Mangione CM, Barry MJ, Cabana M, Caughey AB, et al. Screening for Lung Cancer: US Preventive Services Task Force Recommendation Statement. JAMA - J Am Med Assoc. 
2021 Mar 9;325(10):962–70. 

US Preventive Services Task Force 
RECOMMENDATION STATEMENT
Screening for Lung Cancer





EBUS + EUS(-B)





Endoscopic ultrasound (with bronchoscope) fine 
needle aspiration (EUS-B-FNA)





La prima toracoscopia medica al PG23
(26 ottobre 2022)
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