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Low-dose CT for lung cancer screening 



Clinical Staging Pathologic Staging 

Local vs. Advanced NSCLC 
5-year survival rate 15.9% 

  Detterbeck FC, Chest 2009;136;260-271 



Late Stage Lung Cancer When 
Diagnosed in Taiwan 

35.5% 62.7% 



AACR Cancer Progress Report 2012 



AACR Cancer Progress Report 2012 

20 Y 



Screening by  
Chest Radiograph &  
 
 
Lung Cancer 
Mortality 
 

Men & women  
aged 55 through 74 years 

Oken MM, JAMA. 2011;306(17):1865-1873 

The PLCO Trial 
The Prostate, Lung, Colorectal & 
Ovarian Randomized Trial 



Aberle DR, J Clin Oncol 31:1002-1008. 

Overdiagnosis in Cancer 
in addition to false positive 

0                                     2.5 years                            8 years 

Welch HG, JNCI 2010; 102: 605-613 



Oken MM, JAMA. 2011;306(17):1865-1873 

The PLCO Trial 
Lung Cancer Mortality by Year 



The PLCO Trial 
Lung Cancer Incidence by Year 

Oken MM, JAMA. 2011;306(17):1865-1873 



Modified from Oken MM, JAMA. 2011;306(17):1865-1873 

The PLCO Trial 

Annual screening with chest radiograph 
is not useful for lung cancer screening  
in low risk patients 



Oken MM, JAMA. 2011;306(17):1865-1873 

The PLCO Trial 
Lung Cancer Mortality by Year 

NLST (High risk group) 



Men aged 40 to 64 years. Current smokers 
Men and women aged 35 to 54 
Men over 45 years of age, Current smokers. 
Men aged 40 and over. 

Favours intensive screening      Favours less screening  

Manser R, Cochrane Database of Systematic Reviews 2013, Issue 6. Art. No.: CD001991. 

More frequent CXR screening vs. less frequent screening 

Czech Study 
Kaiser Foundation Study 
Mayo Lung Project 
North London Study 

Lung cancer mortality More frequent chest radiograph 
screening is not useful 



Men over 45 years of age, smokers 
Men over 45 years of age, smokers 

Manser R, Cochrane Database of Systematic Reviews 2013, Issue 6. Art. No.: CD001991. 

Favours intensive screening      Favours less screening  

Johns Hopkins Study 
Mem Sloan-Kettering  

Annual CXR+4-monthly cytology vs. annual CXR alone 
Lung cancer mortality 



The National Lung Screening Trial (NLST) 

Radiology 2011; 258 (1): 243-253 

The NLST 

The primary endpoint : lung cancer mortality  
High risk 

- 55 - 74 years  
- Smoking ≥ 30        
pack-years 
- Quit ≤15 years 

Annual LDCT VS. annual CXR  

53,454  
randomized 

 August 2002 through April 2004 



The National Lung Screening Trial (NLST) 

Radiology 2011; 258 (1): 243-253 

The NLST 
Annual LDCT VS. annual CXR  

Ave 6.5 yr 



a nodule or mass of any size or  
other abnormalities suspicious for lung cancer 

Positive 

a nodule at least 4 mm in any diameter or  
other abnormalities suspicious for lung cancer  

LDCT 

Chest radiography  
6.9% positive 
6.5% false positive 

24.2% positive 
23.3% false positive 

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

The NLST 



The original guidelines for the management of  
CT–detected nodules in the NLST 

Aberle D R et al. JCO 2013;31:1002-1008 

©2013 by American Society of Clinical Oncology 

Pure ground-glass nodules < 10 mm can be 
followed with LDCT at 6 to 12 months 



Cumulative Numbers of Lung Cancers 

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

The NLST 



The NLST 

N Engl J Med 2011;365:395-409. 
Aberle DR, J Clin Oncol 31:1002-1008. 

Stage of lung cancers in the two screening arms 
More stage IA, less III-IV in the LDCT arm 



Cumulative Numbers of Deaths from Lung Cancer 

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

The NLST 

LDCT 
A relative reduction of  20.0%  
(95% CI, 6.8 to 26.7; P = 0.004) 
in lung cancer mortality 

LDCT 
A relative reduction of  6.7%  
(95% CI, 1.2 to 13.6 ; P = 0.02) 
In all-cause mortality 



Number needed to be screened 

LDCT  
for lung cancer  
 
 

302  
needed to be screened 
to save a life 
N Engl J Med 2011;365:395-409. 
Aberle DR, J Clin Oncol 31:1002-1008. 

Mammography 
for breast cancer  
 
 

465 - 601  
needed to be screened 
to save a life 
Tabar L, J Med Screen 11:126-129, 2004 
Richardson A, J Med Screen 8:125-127, 2001 

The NLST 



The NLST 

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



The NLST 

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



Sensitivity 93.8% (95% CI, 90.6 - 96.3)  73.5% (95% CI, 67.2 - 79.8) 
Specificity 73.4% (95% CI, 72.8 - 73.9)   91.3% (95% CI, 91.0 - 91.6) 

Results of Initial LDCT Screening for Lung Cancer 
The NLST 

Positive predictive value 

N Engl J Med 2013;368:1980-91. 



Kovalchik SA, N Engl J Med 2013;369:245-54. 

Targeting of LDCT Screening According to the Risk of Lung-Cancer Death 



Targeting of LDCT Screening According to the Risk of Lung-Cancer Death 
Lung-Cancer Deaths Prevented by LDCT 

Kovalchik SA, N Engl J Med 2013;369:245-54. 



Kovalchik SA, N Engl J Med 2013;369:245-54. 

Prevented Lung-Cancer Deaths Number Needed to Screen 

Targeting of LDCT Screening According to the Risk of Lung-Cancer Death 



Kovalchik SA, N Engl J Med 2013;369:245-54. 

False Positive Results False Positive Results  
per Prevented Lung-Cancer Death 

Targeting of LDCT Screening According to the Risk of Lung-Cancer Death 



Guidelines for lung caner screening  



Screening 
Arm   
(n) 

Screening 
Rounds (n) 

Length of 
Screening 

Interval  
(yr) 

Age 
Range  

(yr) 

M / F 
(%:%) 

Smoking 
Pack-
Years 

Years 
Since 

Quitting 
Smoking 

Mortality 
Reduction, 

% 

NLST 26,722  3 1 55-74 59.0:41.0 ≥30 <15 20 
NELSON 7,915 4 1, 2, 2.5 50-75 83.5:16.5 >15 ≤10 NR 

DLST 2,052  5 1 50-70 54.6:45.4  ≥20 <10 NSD 
ITALUN
G 

1,613 4 1 55-69 64.2:35.8  ≥20 <10 NR 

DANTE 1,276 4 1 60-74 100.0:0.0  ≥20 <10 NSD 
MILD 1,190  

1,186 
10 
5 

1  
2  

49- 68.4:31.6
68.5:31.5   

≥20 <10 NR 

LUSI 2,029 4 1 50-69 64.8:35.2 Heavy NR NR 

Randomized Controlled Trials of CT Screening for Lung Cancer 

CT vs. no screen, except NLST  



noncalcified nodules, a volume >500 mm3  
                       (about 9.8 mm in diameter) 

volume-doubling time 
(VDT) < 400 days 

Year 3 

Positive 

The NELSON trial 
(Nederlands Leuvens Longkanker Screenings Onderzoek)  

Xu DM, Lung Cancer (2006) 54, 177—184 

Repeat scan  
3-4 months later 

Year 4 



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

The NELSON trial 
the cancer stage was significantly lower (P < 0.001) 
vs. NLST 



Airway epithelial gene expression  
in the diagnostic evaluation of smokers with suspect lung cancer 

Spira A, Nat Med 2007; 13: 361–66. 



A Novel Blood Biomarker  
for Early Lung Cancer Detection- 
Connective Tissue-Activating Peptide III 

Yee J, J Clin Oncol 2009, 27:2787-2792. 

Improving the accuracy of  
a lung cancer risk prediction model 



Take home message 
• Screening with CXR +/- sputum cytology  

– no reduction in lung-cancer mortality 

• Annual LDCT for 3 years (the NLST) 
– aged 55-74, smoking ≥30 pack-yrs, quit ≤ 15 yrs 
– 20% reduction in lung cancer mortality 
– screening 302, saving a life 
– People with higher risk? 
– More stringent criteria? 
– Longer screening interval? 

 
 



Thank You  for Your Attention 
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