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Cancer epidemiology 

American Cancer Society, 2015 
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National Lung Screening Trial (NLST): USA 
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NLST CT arm screen-detected lung 

cancers by histology and stage 

5 
From: ten Haaf K, van Rosmalen J, de Koning HJ. Lung Cancer Detectability by Test, Histology, 
Stage, and Gender: Estimates from the NLST and the PLCO Trials. Cancer Epidemiology 
Biomarkers & Prevention 2015;24:154-61. 
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Sensitivity estimates by histology/ stage/method 

(ten Haaf et al., CEBP 2015) 
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Preclinical duration of lung cancer by 

gender, histology and stage 

8 
From: ten Haaf K, van Rosmalen J, de Koning HJ. Lung Cancer Detectability by Test, Histology, 
Stage, and Gender: Estimates from the NLST and the PLCO Trials. Cancer Epidemiology 
Biomarkers & Prevention 2015;24:154-61. 
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Ann Intern Med. 2014 Mar 4;160(5):311-20 
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LC MORTALITY REDUCTION RESULTS FOR 9 DIFFERENT 
ANNUAL SCENARIOS (55/60 ENDING THROUGH AGE 80) – 

USPSTF - 

H.J. de Koning et al., Annals of Internal Medicine 2014 
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Advantageous scenario (USPSTF) 

H.J. de Koning et al.,  Annals of Internal Medicine 2014 



EUROPEAN LUNG CANCER CONFERENCE 2016 

Benefits 

 Lung cancer mortality reduction 

 Reduction advanced disease  

 Life years gained 

Harms 

 False-positives 

 Over diagnosis 

 Over treatment 

 Radiation exposure 

 Costs 

 Quality of life  

H.J. de Koning et al., Annals of Internal Medicine 2014 
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Conclusions  

 Triennial and biennial screens reduce LC mortality by only 5-10% 

  

 Expanding the original NLST criteria by 5 more years (A 55-80-30-15)   
and/or to start 5 years later (at age 60), but extending the risk group (up to 25 years 
since quit smoking) are more effective and more efficient  

 Extending eligibility to fewer pack-years lead to higher benefits, but more additional 
harms 
 

 Advantageous scenario: Annual CT-screening 55 through 80  (30-15)  
(minimum 30 pack-years; maximum quit smoking 15 years: 19% eligible) 
 
287,000 screens  - 500 LC deaths prevented  (ratio 1:575) 
 
5,250 life-years gained   
 
190 overdiagnosed cases (10% of screen-detected cases)   
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NLST-criteria (stop 75) not efficient 

H.J. de Koning et al, Annals of Internal Medicine 2014 
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LC mortality reduction results for 9 different annual scenarios 

(100,000 US-1950 cohort followed 45-90) 

H.J. de Koning et al., Annals of Internal Medicine 2014 
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Characteristics of RCT on LDCT screening for 

lung cancer 
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From: Screening for Lung Cancer With Low-Dose Computed Tomography: A 

Systematic Review to Update the U.S. Preventive Services Task Force 

Recommendation 

Ann Intern Med. 2013;159(6):411-420. doi:10.7326/0003-4819-159-6-201309170-00690 

DANTE = Detection and Screening of Early Lung Cancer by Novel Imaging Technology and 

Molecular Essays; DLCST = Danish Lung Cancer Screening Trial; MILD = Multicentric Italian Lung 

Detection; NLST = National Lung Screening Trial. 

* Annual screening group compared only with control group; biennial screening group not shown. 

† Median. 

 

Figure Legend: Trial results for lung cancer mortality. 

http://www.annals.org/
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Long-term follow-up results of the DANTE trial: a randomized study 

of lung cancer screening with spiral computed tomography 

 
Infante M, Cavuto S, Lutman ER, et al (2015) 
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DLCST – in conclusion 

 No differences in LC mortality and all-cause mortality between groups 

 Twice as many LC in screen group 

 Mainly early-stage adenocarcinomas 

 No difference in number of high-stage LC (III+IV) between groups 

 

 Study is underpowered on its own 

 (annual incidence of lung cancer in the control group was 0.27% instead of 0.50% 

expected)  

 

 Somewhat astonishing death results: 

77 LC, 22 pancreatic, 21 alcohol, 22 ischaemic, 34 other cancers,  

50 other 

   
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NELSON vs. NLST  

NELSON NLST 

Positive test 

results 

< 3% 24% 

PPV 40.4% 3.8% 

Sens* 92.5% 93.8% 

Spec* 98.3% 73.4% 

Stage I  62% 59% 

Stage IIIB/IV 18% 23% 

*First (annual) screening round 

N Horeweg et al., Lancet Oncology 2014  
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Design NELSON trial 

 Randomized controlled trial 

 Population-based recruitment  

 Screening vs. no screening  

 

Does LDCT screening of high-risk subjects* for developing lung cancer, lead to lung 

cancer mortality with 25% or more at 10 years after randomization? 
 

 

*High risk subjects:  

 - Age 50 to 75 years 

 - Smoking history: 15+ cigarettes/day for 25 years or 10+ cigarettes/day for 30 years 

 - Current or former smokers (cessation ≤10yrs) 
 

 

 

 
R.J. van Klaveren, et al.,  NEJM 2009 
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First questionnaire 
(n=606,409)

First response 
(n=150,920)

No response 
(n=455,489)

Eligible and invited
(n=30,959)

Eligible non-responders
(n=15,137)

Second response & 
inclusion 

(n=15,822)

Screen group 
(n=7900)

Control group 
(n=7891)

Ineligible (n=119,961)

Randomisation 
(n=15,822)

(1:1)

Missing digital 
informed 

consent form
(n=5)

Missing digital 
informed 

consent form
(n=13)

ENROLLMENT

ALLOCATION

FU - Statistics Netherlands & 
Flemish Agency for Care and 

Health 
(n=7844)

FU – General 
Practioner 

(n=51)

FU – General 
practioner

(n=51)

FU - Statistics Netherlands & 
Flemish Agency for Care and 

Health
(n=7827)

Randomisation 
(n=15,791)

(1:1)

†  before randomisation NL (n=30)*
†  before randomisation BE (n=1)*
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Generalisability NELSON trial 

 Control group participants vs. Eligible non-responders 

 Small healthy participant effect:  

 Younger age 

 More physically active 

 Higher educated 

 More often former smokers 

 No differences: history of lung cancer, pack-yrs 

 Mortality rate lower among participants 

 However, differences are modest  

 

 Results are inferable for the general high-risk population 

 

(A.U. Yousaf et al., JTO 2015) 
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Design NELSON trial 

Round 1

Scan*
N = 7557

Round 2

Scan
N = 7294

Round 3

Scan
N = 6921

Round 4

Scan
N = 4871

#
 

Baseline 5,5 years3 years1 year

Interval

1 year

Interval

2 years
Interval

2.5 years

Randomisation

Screen-arm
N = 7915

10 years

Control-arm
N = 7907

LC mortality

LC mortality

Eligible 

participants
N = 15822

a b c
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5.5 yr risk calculations 

First screening result  

 
 Negative 

 

 Indeterminate 

 

 Positive  

Risk screen detected lung cancer 

 1.0% 

 

 5.7% 

 

 48.3% 

N. Horeweg et al., ERJ 2013 



EUROPEAN LUNG CANCER CONFERENCE 2016 

Design NELSON trial 

 4 rounds of low-dose multi-slice computer tomography scanning 

 Only trial with increasing length of the screening interval:  

1 yr, 2 yr and 2.5 yr 

 

 

 

Round 1

Scan
N = 7557

Round 2

Scan
N = 7294

Round 3

Scan
N = 6921

Round 4

Scan
N = 5279

Baseline 5,5 years3 years1 year

Interval

1 year

Interval

2 years
Interval

2.5 years

Randomisation

Screen-arm
N = 7915

10 years

Control-arm
N = 7907

LC mortality

LC mortality

Eligible 

participants
N = 15822

a b c
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Lancet Oncol 2014; 15: 1332–41 
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Results: combined effect of size and growth rate on 

lung cancer probability 

 

 NELSON 
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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 
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Results: performance nodule volume 

algorithm 

Screen test parameters 

 
Performance 

percentage (95%CI) 

Diagnostic work-up 5.9% 

Follow-up CT scan 7.8% 

Sensitivity 90.9 (81.2-96.1) 

Specificity 94.9 (94.4-95.4) 

Positive predictive value 14.4 (11.3-18.1) 

Negative predictive value 99.9 (99.8-100.0) 
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Results: nodule diameter algorithms 

Screening result 

Algorithm based on 

nodule diameter 
percentage (95%CI) 

Algorithm based on 

Fleischner criteria 
percentage (95%CI) 

negative < 5 mm < 4 mm 

indeterminate ≥ 5 to 10 mm* ≥ 4 to 8 mm†  

positive ≥ 10 mm ≥ 8 mm 

* follow-up CT for VDT assessment:    † follow-up CT for VDT assessment: 

final result negative for VDT ≥ 600 days     final result negative for VDT ≥ 400 days   

final result positive for VDT  < 600 days    final result positive for VDT  < 400 days 
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Results: performance compared to 

current guideline 

Screen test parameters 

Algorithm based on 

nodule diameter 
percentage (95%CI) 

Algorithm based on 

Fleischner criteria 
percentage (95%CI) 

Diagnostic work-up 9.1% 11.6% 

Follow-up CT scan 22.2% 29.8% 

Sensitivity 93.9 (85.0-98.1) 92.4 (83.1-97.1) 

Specificity 91.8 (91.1-92.4) 89.2 (88.4-89.9) 

Positive predictive value 9.6 (7.6-12.2) 7.4 (5.8-9.4) 

Negative predictive value 99.9 (99.8-100.0) 99.9 (99.8-100.0) 
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Results: R1-R3 vs. R4  

Participation rate by round  

 

 

 

Screen results 

Informed consent original protocol Additional Consent (screened) 

R1 R2 R3 R4 

95.5 % 92.2 % 87.5 % 80.5%                        (97.1%) 

R1-R3 R4 

Negative 87.2% 96.0% 

Indeterminate 10.8%   2.0% 

Positive   2.0%   2.0% 
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Results: R1-R3 vs. R4  

Screen-detected 

LC 

R1-R3 R4 

Participants (n) 200 43 

LC (n) 209 46 

LC detection rate R1 R2 R3 R4 

0.9% 0.8% 1.1% 0.8% 

Cumulative LC 

detection rate 

R1-R3 R4 

2.6% 3.4% 

NNS to detect 1 LC R1-R3 R4 

85-122 123 
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Test characteristics NELSON nodule 

management strategy      

R1-R3 (combined) 

 Sensitivity:  84.6% 

 Specificity:  98.6% 

 FP rate:  59.4% 

 Overall FP rate:   1.2% 

 PPV:   40.4% 

 NPV:   99.8% 

 R4 

 Sensitivity*:  - 

 Specificity*: - 

 FP rate:  59.0% 

 Overall FP rate:   1.2% 

 PPV:   41.0% 

 NPV*:  -  

*: data about FN were not available yet  
N. Horeweg et al., ERJ 2013, N. Horeweg et al.,  Lancet Oncology 2014  
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Stage distribution screen-detected lung cancers 

 

N. Horeweg et al., Am J Respir Crit Care Med 2013 

P < 0.001 

Advanced 
disease 



EUROPEAN LUNG CANCER CONFERENCE 2016 

Screenin

g 

Round 

Stage I Stage II Stage III Stage IV 

First 64.9% 9.5% 18.9% 6.8% 

Second 75.8% 6.9% 13.7% 3.4% 

Third 72.7% 3.9% 19.5% 3.9% 

Fourth 62.2% 13.3% 11.1% 13.3% 

Interval  
1 year 

Interval  
2 years 

Interval  
2.5 years 

Horeweg N, et al. Characteristics of Lung Cancers Detected by Computer Tomography Screening  
in the randomized   NELSON  Trial.  Am J Respir Crit Care Med. April 15 2013.  
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Histology screen-detected lung cancers 

 

N. Horeweg et al., Am J Respir Crit Care Med 2013 

P =0.055 
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UK Lung Cancer RCT Pilot Screening Trial: baseline findings from 

the screening arm provide evidence for the potential 

implementation of lung cancer screening  

 
J K Field, S W Duffy, D R Baldwin et al (2015) 
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UKLS – lung cancer pathology 

 N = 42  

 Adenocarcinoma, n = 25  

 SCLC, n = 3 

 Typical carcinoid, n = 1 

 BAC, n = 1  

 Total stage I/II, 86%:  

 stage I, n = 42 (67%); stage II, n = 8/42 (19%)  

 Treatment:  

 92% of stage I/II LC patients had surgery  

 2 had radical radiotherapy  

 7 did not undergo resection  
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Randomized Study on Early Detection of Lung Cancer with MSCT 

in Germany 

Results of the First 3 Years of Follow-up 

After Randomization 
 

 N Becker, E. Motsch, M.L. Gross et al (2015) 
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NELSON projected power overview 

(Belgian participants included)  

55 
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Future plans 

 Causes of death reviews NELSON (70% complete) 

 

 Lung cancer mortality analyses 

 - interim analysis NELSON 

 - establish criteria for possible pooling for subgroup  analyses 

(Italung, UKLS, German; 11,000, …) 

 

 Risk-based algorithms 

 

 Microsimulation of screening scenarios & cost-effectiveness 

based on NELSON 

 

 Validation study lung nodules (also in clinical care) 
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Conclusions  

 One large CT-trial has shown statistically significant results on LC mortality 

reduction 

 

 USPSTF formulated, based on quantifications from CISNET-models, an 

advantageous scenario  --  possibly cost-effective 

 

 2.5 year interval is too long 

 

 Important drawbacks in the original US-scenario 

 NELSON trial much better screening algorithm 

 

 So far, encouraging results in NELSON 

 Still some patience 
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