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Early detection of lung cancer

www.kankerregister.org

Stages I-II



Persons at high risk for lung cancer

http://blogs.nature.com/ofschemesandmemes/2014/09/11/the-big-issues-affecting-lung-cancer-worldwide



Persons at high risk for lung cancer

Data source: http://www.kankerregister.org

Belgium 2017

http://www.kankerregister.org/


Persons at high risk for lung cancer

Didkowska J et al Ann Transl Med 2016;4(8):150 

Predicted number of deaths



Curative lung cancer treatment

European Lung White Book 2013 (ERS publication)

Age-adjusted 5 YSR for Lung Cancer



Curative lung cancer treatment

Goldstraw P et al The IASLC Lung Cancer Staging Project J Thorac Oncol 2015

Lung Cancer
Overall Survival by clinical stage



Curative lung cancer treatment

Postmus PE et al Early and Locally Advanced NSCLC: ESMO Clinical Practice Guidelines Ann Oncol 2017

Lung Cancer Treatment
Stage I-III: Surgery - Radiotherapy
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“Lung cancer screening aims to reduce lung

cancer related mortality with relatively limited

harm through early detection and treatment”

Van der Aalst CM, ten Haaf K, de Koning H. Lancet Respir Med 2016;4:749-61



Field JK et al Lung Cancer 2016



Lung Cancer Screening PROs

• Early detection (stage I-II) of lung cancer
• In persons at high(est) risk
• Curative treatment
• Improved lung cancer specific survival
• Smoking cessation



Lung Cancer Screening CONs

• Selection of screening (‘highest risk’) participants
• Cost/Benefit of lung cancer screening
• Cumulative Radiation risk (serial CT’s)
• Risks of harm (invasive examinations) in 

screening-positive participants
• False positive screening results
• Overdiagnosis
• No screening BUT Smoking cessation!



Improved Lung Cancer specific survival

Aberle DR et al New Engl J Med 2011

Total number of deaths due to lung cancer : 
247 vs 309 deaths/100.000 pers.yrs (CT vs RX group)

àRelative reduction in LC mortality of 20.0% or  HR=0,80 ( 95%CI 0,73-
0,93)

àReduction in all cause mortality of 6,7% or HR=0,93 (95% CI 0,86-0,99)

Number Needed to Screen with LDCT to prevent 1 death : 320 



LDCT lung cancer screening RCTs
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Van der Aalst CM, ten Haaf K, de Koning H. Lancet Respir Med 2016;4:749-61



Harry J. de Koning, Erasmus MC, Public Health Rotterdam

                            Year 1                Year 2                      Year 4                   Year 6.5                 Year 10

Control arm
n=7,892

Screen arm
n=7,900

95.6% 92.3% 87.6% 66.8%

uptake uptake uptake uptake

n=7,557 n=7,295 n=6,922 n=5,279

Usual care (no screening) 

MORTALITY 
ANALYSES

  CT screening          CT screening                    CT screening                                CT screening 

NATIONAL LINKAGES
- Statistics Netherlands/ Belgium
- Dutch/ Belgium Cancer Registry
- Centre for Genealogy

CAUSE OF DEATH REVIEW

                            Year 1                Year 2                      Year 4                   Year 6.5                 Year 10

Control arm
n=7,892

Screen arm
n=7,900

95.6% 92.3% 87.6% 66.8%

uptake uptake uptake uptake

n=7,557 n=7,295 n=6,922 n=5,279

Usual care (no screening) 

MORTALITY 
ANALYSES

  CT screening          CT screening                    CT screening                                CT screening 

NATIONAL LINKAGES
- Statistics Netherlands/ Belgium
- Dutch/ Belgium Cancer Registry
- Centre for Genealogy

CAUSE OF DEATH REVIEW

de Koning H. et al J Thorac Oncol 2018;13(10):S185 PL02.05



Harry J. de Koning, Erasmus MC, Public Health Rotterdam

Yousaf-Khan et al., in preparation



Harry J. de Koning, Erasmus MC, Public Health Rotterdam

Cumulative lung cancer deaths (men only)
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Control arm:
214 lung cancer deaths
Screen arm:
157 lung cancer deaths

de Koning H. et al J Thorac Oncol 2018;13(10):S185 PL02.05



Lung cancer
mortality
rate ratio 
(95% CI)

Year 8 Year 9 Year 10

MALES
0.75

P=0.015
(0.59-0.95)

0.76
P=0.012

(0.60-0.95)

0.74
P=0.003

(0.60-0.91)

FEMALES
0.39

P=0.0037
(0.18-0.78)

0.47
P=0.0069
(0.25-0.84)

0.61
P=0.0543
(0.35-1.04)

Harry J. de Koning, Erasmus MC, Public Health Rotterdam

Rand: 23-12-2003 – 06-07-2006

FU: 23-12-2003 – 31-12-2015

FU 94% complete
year 10

de Koning H. et al J Thorac Oncol 2018;13(10):S185 PL02.05



Improved Lung Cancer specific survival

Pastorino U et al Ann Oncol 2019

Cumulative Overall mortality by arm, over 
10 yrs of FU

Reduction of 20%

Cumulative Lung Cancer Mortality by arm, 
over 10 yrs of FU
Reduction of 39%



Improved Lung Cancer specific survival

Becker N et al Int J Cancer 2019

Cumulative LC mortality over 5 yrs of FU
Reduction of 26% (p=0,21 NS)

Cumulative LC Mortality by sex over 5 yrs of FU
HR 0,31 p=0,04 in women

HR 0,94 p=0,81 in men



Smoking Cessation in Lung Cancer Screening 

www.lung.org
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• Non-pharmacologic 
• Self help (also Internet) NNT 50
• Advice/information  NNT 50
• Individual counselling NNT 25
• Group counselling NNT 20
• Telephone counselling NNT 40

• Pharmacologic

• NRT NNT 20
• Bupropion NNT 15
• Varenicline NNT 8

• Alternative interventions
• hypnosis, acupuncture, laser therapy ??

NNT = number needed to treat

Interventions for Smoking Cessation

Report from Federaal Kenniscentrum voor de Gezondheidszorg (KCE), Belgium 2004



Does smoking cesstion lead to a 
decrease in lung cancer deaths? YES



No screening BUT JUST Smoking Cessation!

Vlaanderen.be Website accessed 01/2019

Since 2008 smoking 
prevalence barely

declined



LDCT Lung Cancer Screening

Benefits
LC mortality reduction

Reduction in stages 
III-IV

Harms
False positives
Overdiagnosis
Overtreatment

Radiation exposure
Costs
QOL

Smoking behaviour



In: European Guide on Quality Improvement in 
Comprehensive Cancer Control (2017) 
by Tit Albreht, R. Kiasuwa & M. van den Bulcke

§ The step-wise decision-making concerning potential new cancer
screening programmes include the establishment of evidence of 
effectiveness, benefits that outweigh the harms, and cost-
effectiveness.

Slide by courtesy of H de Koning



Selection of screening (‘highest risk’) participants

Humphrey LL et al Ann Intern Med 2013; Tammemägi MC et al NEJM 2013 & JAMA Network Open 2019; Cassidy A et al Br J Cancer 2008 

Best selection of screening participants

- USPSTF Age (55-80 yrs) & smoking behaviour (30PY)
- PLCOm2012 model
- LLPv2 Liverpool Lung Project risk prediction model, used inRCT,

Subjects selected with a ≥ 5% risk of developing LC in next 5 yrs
- Using other inclusion criteria (biological data, …)



Seijo LM et al J Thorac Oncol 2018



Overdiagnosis

Patz EF Jr et al JAMA Intern Med 2014;

The excess of lung cancers detected by LDCT divided by all lung cancers 
detected by screening in a LDCT arm

- In NLST about 18,5% overdiagnosis in screen-detected LCs
- Expected to be less in NELSON (results awaited)

PA : the total amount of excess LC cases between LDCT and CXR arm over the total number of LCs diagnosed in the screen arm
PS : the total amount of excess LC cases between LDCT and CXR arm over all screen-detected LCs in LDCT screening arm



False positive screening results

Van der Aalst CM et al Lancet Respir Med 2016

Low rate of false positive screening scans

- False positives of all scans: 1,2%(NELSON) - 23,3%(NLST)
- False positives of all positive scans: 59,4%(NELSON) – 96,4%(NLST) 



Nodule management

• NELSON nodule management plan

Heuvelmans M.A. et al, J Thorac Imaging  30, 101-107, 2015



Results: nodule volume algorithm based 
on LC probability

Screening result Nodule volume

negative
< 100 mm³

indeterminate* ≥ 100 to 300 mm³

positive ≥ 300 mm³

*Follow-up CT for VDT assessment:
- final screening result negative for VDT ≥ 600 days
- final screening result positive for VDT < 600 days



Ardila D et al Nature Med 2019



Risks of harm (invasive examinations)
Maximal protection of screening participants

- Unintended harms of screening (radiation exposure)
- Psychosocial consequences of false positives and overdiagnosis
- Invasive examinations for screen-detected lung nodules

Van der Aalst CM et al Lancet Respir Med 2016



Cumulative Radiation risk (serial CT’s)

Persinakis K et al Eur Radiol 2018; Figure from: http://www.aboutcancer.com/radiation_imaging_risks_0311.htm (accessed 2019)

Radiation exposition to screening participants

NLST

http://www.aboutcancer.com/radiation_imaging_risks_0311.htm


Cost/Benefit of lung cancer screening

Field JK et al Lung Cancer 2016; Black WC et al NEJM 2015; Goffin WL et al JAMA Oncol 2015;                                                              
Whynes DK et al Cost Eff Resour Alloc 2008; Tomonaga Y et al Lung Cancer 2018

Cost per country

- Influence of smoking eligibility criteria for screening trial on Cost effectiveness
- But also the amount of CT’s and CT detected nodule management plan 

(volumetry)
- Tobacco cessation measures

- NLST: 81,000 US dollars/QALY
- UKLS modeling study: 12,000 Pound/QALY
- Canada: 52,000 CAD dollars/QALY
- Switzerland (MISCAN Modeling study): less than 50,000 € per LYG (Life Year

gained) or less than 70,000 € per QALY



Brain K et al Thorax 2017

…or screening AND Smoking Cessation!









https://www.preventingoverdiagnosis.net/



Thank you for your attention … on lung cancer screening! 
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NEderlands-Leuvens Longkanker Screenings ONderzoek

Erasmus MC, University Medical Center Rotterdam, University Medical Center Utrecht, Spaarne Gasthuis Haarlem, University Medical Center Groningen, 
University Hospital Leuven, Belgium, Maasstad Hospital Rotterdam, University Medical Center Amsterdam, Radboud University Medical Center Nijmegen

Harry J. de Koning, Erasmus MC, Public Health Rotterdam 

de Koning H. et al J Thorac Oncol 2018;13(10):S185 PL02.05



47Callister MEJ et al, Thorax 2015;70:ii1-ii54



Persons at high risk for lung cancer

Slide from P Brennan IARC

Cumulative Lung Cancer Risk





OVERVIEW OF NELSON SCREENING PROTOCOL

Heuvelmans M.A. et al, J Thorac Imaging  30, 101-107, 2015



NELSON : 5,5 YEARS CALCULATIONS

1st screening result

Negative

Indeterminate

Positive

Risk screen-detected lung cancer

1,0%

5,7%

48,3%

Horeweg N et al Eur Respir J 2013;42:1659-67


