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Lung Cancer Epidemiology

Worldwide – predicted in 2018

• Incidence - 2.1 million new cases

• Mortality - 1.8 million deaths

India – predicted in 2018

• Incidence - 67,795 new cases (4th MC cancer in India after
breast, oral cavity and cervix)

• Mortality – 63,475 deaths (3rd MC cancer related deaths after
breast and oral cavity)

CA Cancer J Clin. 2018;68(6):394-424 
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Lung Cancer Screening - CXR

1951-1975: 10 prospective studies, of which 4 are RCTs –

• The Memorial-Sloan Kettering Lung Project (MSKLP) (sputum
+ CXR)

• The John Hopkins lung project (JHLP) (Sputum + CXR)

• The Mayo Lung project (MLP)

• The Czechoslovakian study (CS)
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Retrospective analysis –

When compared to spiral CT, CXR

• Median delay in diagnosis was found to be >1 year 

The miss-rate for lesions 

• ≤ 10mm was 70%

• 10-20mm was 30%

• 21-30mm was 25%

• The overall accuracy of interpretation for lung cancer – 61% for 
CXR, Sensitivity – 23%, Specificity – 96%, when compared to CT 
scan

Chest. 1999 Mar;115(3):720-4



Low Dose CT scan

• Non contrast study

• Multi detector, helical CT scan

• High resolution image reconstruction

• Estimated effective dose – 1.4mSv

• 7-8mSv for CECT chest, 0.1mSv for CXR

AJR Am J Roentgenol. 2011;197(5):1165



LDCT

Study Detectors Voltage
(kVp)

Tube 
current 
time 
product
(mAs)

Pitch Rotation
time(s)

Effective 
dose 
(mSv)

Slice 
thickness 
(mm)

Reconstr
uction
interval
(mm)

I-ELCAP ≥4 ≤120 ≤40 1.5 0.5 1-2 1.25 1.25

NLST ≥4 120-140 40-80 1.2-2.0 - 1.5 1.0-3.2 1.0-2.5

NELSON 16 80-140 20 1.5 - <2 1 0.7

NCCN ≥16 100-120 ≤40 - ≤0.5 3-5 ≤1 -

K-LUCAS 64 100-120 30-50 0.9-1.0 0.3-0.5 1.3 1.25 1-1.25

Cancer Imaging (2012) 12(3), 548-556



National Lung Screening Trial

• Multicenter, RCT, USA
• 53,454 participants were enrolled between 2002 – 2004
• LDCT (26,722) vs CXR (26,732)
• 3 screenings – T0 (at randomization), T1 and T2 at 1-year

intervals

Inclusion Criteria :
• 55 - 74 years of age at time of randomization
• Cigarette smoking of at least 30 pack years
• If former smokers - must have quit within the previous 15

years

N Engl J Med 2011;365:395-409.



NLST

Positive test – “suspicious for” lung cancer

• Any non calcified nodule measuring at least 4 mm in any
diameter

• Adenopathy

• Effusion

Minor abnormalities –

• Clinically significant conditions other than lung cancer

• After the third round of screening (T2), abnormalities
suspicious for lung cancer that were stable across the three
rounds

N Engl J Med 2011;365:395-409.



NLST

N Engl J Med 2011;365:395-409.



NLST

N Engl J Med 2011;365:395-409.



NLST

Lung cancer specific mortality

• 356 (LDCT) vs 443 (CXR) deaths from lung cancer

• 20.0% (95% CI, 6.8 to 26.7; P= 0.004) reduction in rate of
death from lung cancer

• NNS – 320 individuals with high risk factors to prevent one
death from lung cancer

Overall mortality

• 1877 (LDCT) vs 2000 (CXR) deaths

• 6.7% reduction (95% CI, 1.2 to 13.6; P = 0.02) in the rate of
death from any cause

N Engl J Med 2011;365:395-409.



NLST

N Engl J Med 2011;365:395-409.



NELSON trial
Dutch-Belgian Randomized Lung

Cancer Screening Trial
Hypothesis :

• Lung cancer screening by LDCT will reduce 10-year lung
cancer mortality by 25% in high-risk (ex-)smokers between 50
and 75 years of age.

Inclusion Criteria :

• Men aged 50-75 years

• Smoked cigarettes - >15/day for >25 years or >10/day for >30
years

Cancer Imaging (2011) 11, S79-S84



NELSON trial

Cancer Imaging (2011) 11, S79S84



NELSON trial

• Management was determined based on the highest nodule 
category found

• NODCAT 3 - indeterminate test result which required a repeat 
scan 3-4 months later to assess growth

• Growth was defined as change in volume of at least 25% 
between scans

Cancer Imaging (2011) 11, S79S84



NELSON trial

• LDCT screening at baseline (round 1), after 1 year (round 2), 
after 3 years (round 3) and after 5.5 years after baseline 
(round 4)

• 15,822 participants randomized in 1:1 ratio to screening LDCT 
(7915) vs no screening (7909)

Thorax 2017;72:48–56.



NELSON

Thorax 2017;72:48–56.



Factors NLST NELSON

Screening design LDCT vs CXR LDCT vs no screening

Screening rounds 3 4

Length of screening 
interval (years)

1 1, 2 and 2.5

Year of initiation 2002 2003

Enrolled participants 53,454 15,822

Positive result Maximum axial diameter 
≥4mm 

Volume >500mm3 or 
Volume 50-500mm3 and VDT 
< 400 days

Negative result Maximal axial diameter <4 mm Volume <50mm3

Entry criteria

Age (yrs) 55-75 50-75

Smoking status Current and former smokers Current and former smokers

Smoking cessation <15 years <10 years

Smoking history ≥30 pack years ≥15 per day for 25 years or 
≥10 per day for 30 years 

J. Compar. E ffect. Res. (2013) 2(5) 



Cumulative data NLST NELSON

Positive screening result 24.2% 1.9%

False positive rate after 
positive screening result

96.4% 59.4%

Lung cancer detection rate 2.4% 3.2%

% of Stage I cancers 
detected

61.6% 69.4%

LDCT sensitivity for LC 93.8% 94.6%

LDCT specificity for LC 73.4% 98.3%

J. Compar. Effect. Res. (2013) 2(5) 

Thorax 2017;72:48–56.



• 26% reduction in lung cancer deaths at 10 years of study 
follow-up

(NELSON trial results were presented at WCLC 2018, however 
the results were not published yet) 



• Difference in inspiration level – difference in nodule rotation –
variable diameter measurements (NLST)

• Volume of the nodule stays constant (NELSON)



Am J Respir Crit Care Med Vol 187, Iss. 8, pp 848–854, Apr 15, 2013



TRIAL Participants 
undergoing 
LDCT

Positivity rate 
after baseline

Biopsies Lung cancer 
detected

NLST 26,722 27% 2.8% 2.4%

ELCAP 1000 23% 2.8% 2.7%

DLCST 2052 29% 1.2% 0.8%

DANTE 1276 15% 4.1% 2.2%

NELSON 7582 6.5% NR 3.2%

Ann Thorac Surg 2016;101:481–8



Preventive Medicine 89 (2016) 301–314



Preventive Medicine 89 (2016) 301–314



Other benefits of LC screening

Improved QOL

• Reduction in disease related morbidity

• Reduction in treatment related morbidity

• Reduction in anxiety(?) and psychosocial burden

• Increased smoking cessation rates (?)



Other benefits of LC screening

Incidental findings

• 7.9% of participants in LDCT arm of NLST

• 37 of 1276 men screened in DANTE trial

• MC were – Emphysema and coronary artery calcification

• Mediastinal mass, LN enlargement, aortic aneurysm, renal 
mass etc.



Risks of LC screening

False positive results

• Range from 10-43% 

• Cumulative risk is 33% for a person undergoing LC screening 
with 2 sequential annual scans

• Benign intrapulmonary LN and non calcified granulomas 



Risks of LC screening

• Volumetric analysis in NELSON trial – decreases the false
positives

Lung-RADS (Lung Imaging Reporting and Data System)

• Increased size threshold from 4 mm greatest transverse 
diameter to 6 mm transverse bi-dimensional average 

• 20 mm for nonsolid nodules

• Growth for preexisting nodules (>1.5 mm)



Category 
Name

No : Findings Management Probability 
of 
malignancy

Negative 1 No nodules
Nodules with complete/central/popcorn calcification
Fat containing nodules

Annual LDCT <1%

Benign 2 SN: <6 mm, New - <4 mm Annual LDCT <1%

PSN: <6 mm in baseline

NSN: <20 mm or 
≥20 mm and unchanged

Probably 
benign

3 SN: ≥6 to <8 mm at baseline or 
New – 4 mm to <6 mm

6 month LDCT 1-2%

PSN: ≥6 mm with solid component <6mm or 
New <6 mm

NSN: ≥20 mm on baseline CT or new

Suspicious 4A SN: ≥8 to <15 mm at baseline or 
Growing < 8 mm or
New 6 to <8 mm

PSN: ≥6 mm with solid component ≥6 mm to <8 mm or
new or growing <4 mm solid component

Endobronchial nodule

3 month LDCT;
PET/CT may be 
used when 
there is a ≥8mm 
solid 
component

5-15%

4B SN: ≥15 mm or 
New or growing, and ≥8 mm

PSN: a solid component ≥8 mm or 
New or growing ≥4 mm solid component

CECT Chest ±
PET/CT and 
tissue sampling.
PET/CT may be 
used when 
there is a ≥8mm 
solid 
component

>15%

4X Category 3 or 4 nodules with additional findings that increase the 
suspicion of malignancy



Application of Lung-RADS to NLST

Lung-RADS at 
baseline

NLST at 
baseline

Lung-RADS
after baseline

NLST after 
baseline

Sensitivity 84.9% 93.5% 78.6% 93.8%

False positive 
result rate

12.8% 27.3% 5.3% 21.8%

PPV 6.9% 3.8% 11.0% 3.5%

NPV 99.81% 99.9% 99.81% 99.93%

Ann Intern Med. 2015;162:485-491



Risks of LC screening

Trial False positive rate Proportion 
undergoing 
invasive procedure

Major complication 
associated with 
surgical procedure

NLST 96.4% 24% 12%

NELSON 1.2% 23% 10.7%

DANTE 22.9% 22% 29%

DLCST 7.9% 16.6% 38%

MILD 0.8% 6.4% NR

UKLS 3.6% 10.3% NR

Br J Radiol;91:20170460



BRELT1: First Brazilian LC screening Trial

• Single center study

• Jan 2013 to July 2014

• Inclusion criteria similar to NLST

• 790 participants were enrolled

• Positive scans – indeterminate pulmonary nodules >4 mm 
(similar to NLST)

Ann Thorac Surg 2016;101:481–8



BRELT1 Protocol



BRELT1 Results



TRIAL Participants 
undergoing 
LDCT

Positivity rate 
after baseline

Biopsies Lung cancer

NLST 26,722 27% 2.8% 1.0%

ELCAP 1000 23% 2.8% 2.7%

DLCST 2052 29% 1.2% 0.8%

DANTE 1276 15% 4.1% 2.2%

NELSON 7582 6.5% NR 2.6%

BRELT1 790 39.5% 3.1% 1.3%



China

• Multicenter, RCT, 1:1 randomization

• LDCT (3512) vs standard care (3145)

• Nov 2013 to Nov 2014

Inclusion criteria : 

• Age - 45-70 years and at least one risk factor

• ≥20 pack year history

• H/o any cancer in close family members

• Prior h/o any cancer in the participant

• Occupational exposure to carcinogens

• Long h/o passive smoking (>2 hr every day for at least 10 years)

• Long term exposure to cooking oil fumes

Lung Cancer 117 (2018) 20–26



• Positive results – 22.9% (804/3512)

• Lung cancer detection rate was 1.5% (51/3512)

• False positive rate – 21.8% (753/3461)



Further analysis, on increasing the nodule size threshold from 
4mm to 

• 5 mm – 13.6%

• 6 mm – 6.9%

• 7 mm – 4.0%

• 8 mm – 3.2% - positive screen rate



Taiwan

• Single center, observational study

• Jan 2012 to Dec 2012

Inclusion Criteria –

• Asymptomatic adults aged ≥18 years 

• No prior h/o any cancer

• Self referral basis

• Smoking h/o not necessary

Positive scan :  any non calcified nodule ≥4 mm in diameter

J Formos Med Assoc (2016) 115, 163-170



• 3339 participants were enrolled

• 38.3% had positive baseline results

• 34 lung cancers were detected (1.02%)

• 6.2% (8 of 129) of LC detected are in those aged younger than 50 
years with a positive family history of first-degree relatives having 
cancers

• Around 50% of participants were non smokers

• Asian population may need a different eligibility criteria for LC 
screening



South Korea

• August 1999 – Sept 2003

• Single center, observational study

• Age ≥45 years and either ≥20 pack years (high risk group) or 
<20 pack year smoking or non smokers (low risk group) 

• 6406 participants underwent LDCT

J Korean Med Sci 2005; 20: 402-8



• For solid nodule and >10 mm – immediate intervention (tissue
diagnosis) was done

• For solid nodule <10 mm – follow up scan 6 months later

• For GGO >10 mm - immediate intervention (tissue diagnosis)
was done

• For GGO <10 mm – f/u scan after 2 months, then after 6
months and annually thereafter



• 35% (2,255 of 6,406) of screened subjects had at least one or more 
non-calcified nodules (n=4,037)

• 2,085 subjects had 3,783 solid nodules (mean- 1.8 nodules per 
subject) 

• 170 subjects had 254 GGO nodules (mean- 1.5 nodules per subject)

23 lung cancers were detected with an overall detection rate of

• 0.36% (23 of 6,406)

• 0.57% (23 of 4,037) of non calcified nodules 





K-LUCAS – pilot project
Korean LC screening

• 2015 – Korean multi-society collaborative committee
recommended guidelines for LC screening

• K-LUCAS – pilot study to evaluate the feasibility of LC
screening protocol using LDCT and Lung-RADS

• Inclusion criteria - similar to NLST

• Only radiological results of the pilot study were reported

• 256 participants underwent LDCT

Korean J Radiol 19(4), Jul/Aug 2018





• One patient had lung cancer after baseline scan (0.4%)

• Application of Lung-RADS significantly decreases the false-
positivity rate where tuberculosis is endemic



Asian population

• Average age of onset of lung cancer is much earlier (40-50yrs)

• Most of them - non smokers

• Exposure to endemic risk factors (air pollution, volatile 
cooking oils and tuberculosis)

• Resource limitations, cultural and religious beliefs



• Applying NLST criteria to Asian population – 91.6% lung 
cancer cases would have missed (retrospective analysis)

• Female sex and family history of any cancer – appear to be 
stronger predictors 

• Application of American risk calculators – do not factor in 
areas of high TB prevalence



• Nodule is whether tuberculosis or lung cancer ? 

• Both of them need an aggressive approach for management

In a moderate risk patient : 

• Less emphasis on PET 

• More emphasis on use of non surgical biopsy procedures for 
definitive diagnosis



PET/CT 

• Retrospective study from India

• 191 patients with solitary pulmonary nodule undergoing FDG-
PET/CT

• The final pathological diagnosis was malignancy in 75.3% 
(144/191) of nodules 

Indian J Cancer 2017;54:271-5.







• 24.7% (47/191) were benign

• 64% (30/47) had a false positive PET-CT at a SUV cut-off of 2.5



Solid nodule >8 mm in diameter

Determine pretest clinical probability of malignancy

Low (<5%) Moderate (5-60%) High (>60%)

Serial CT 
surveillance

PET scan 
Hypermetabolic ?

Surgical Biopsy Non Surgical Biopsy

Surgical Resection

Clear Growth ? 

negative

yes
no

suspicious

positive

intense

CHEST recommendations for SN - Asia

CHEST 2016; 150(4):877-893



• The expert panel recommends that regardless of whether
clinical judgment or a calculation model is used, clinicians
must decide if the clinical probability suggests further imaging
studies, biopsy, and/or resection are needed

For seemingly benign nodules (low probability of malignancy),
an accurate diagnosis is required in

• TB or other infections requiring specific treatment

• Patients who are on high-dose immunosuppression



Solid, indeterminate nodule >8 mm in diameter with moderate
(5-60%) probability of malignancy (when - discordance between
the clinical and radiologic features)

• Consider functional imaging, preferably with PET, to
characterize the nodule before surgical resection or
continued radiological surveillance

Caveats :

• False-positive (e.g., TB, fungal and parasitic disease) and

• False-negative slow-growing tumors (eg, adenocarcinoma in
situ)



• In an individual with a solid, indeterminate nodule >8 mm in
diameter with high (>60%) probability of malignancy,
functional imaging has a greater role in preoperative staging
than in characterizing the nodule

• To rule out previously undetected metastases before surgical
intervention



Conclusion

• LC screening by LDCT scan reduces mortality (lung cancer
specific and all cause mortality)

• Application of Lung-RADS and volumetric analysis reduces
false positive rates

• In a moderate risk patient, use of PET/CT scan is less reliable
and emphasis should be on non surgical biopsy

• Optimum screening interval, duration of screening and nodule
measurements ?? - NELSON trial results


