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Screening for cervical cancer, breast cancer and colon cancer have all been shown to decrease deaths due to 
these cancers.(1)  For these cancers, it has been accepted that early detection is beneficial.  Is lung cancer 
different?  Internationally, lung cancer is thought to be the number one cancer killer.(2)  It is the number one 
cause of cancer deaths (160,000) in the United States(3) and most of the western nations.  One estimate is 
that there are 500,000 deaths per year in China due to lung cancer (3).  That number is likely to increase in 
East Asian countries as the current smoking rate is very high.  Accordingly, there is a tremendous need for 
an early method of detection when the cancer is potentially treatable for cure.  Presently in Western Europe 
and North America only 10-20% of patients with lung cancer are diagnosed with stage I disease, which is 
usually asymptomatic.  Symptomatic lung cancer is usually advanced stage disease so if we are going to 
make progress then we need to diagnose patients before they are symptomatic.   In the past 10 years, trials 
have been conducted with spiral CT scans in an effort to diagnose and treat early lung cancer.  Those trials 
have demonstrated some promising results and associated risks. 

 
 
 
 

BENEFITS OF CT SCREENING 
The potential benefits of screening have been well 
demonstrated Table 1.  First, CT screening detects 
much smaller lesions than those detected by chest 
radiographs.(4)  Clinical trials have shown that 
when simultaneous chest CT and chest 
radiographs are performed,  
the radiographs will miss 70-80% of the cancers 
detected by CT.(5,6)  The average size of the CT 
detected lesion is 1.2-1.5 cm versus 3.0 cm for chest 
roentgenogram detection.(4)  These smaller size 
cancers are more frequently stage I.  

Table 1. Positive results of ct Screening for lung 
cancer. 
Detects more lung cancers 
Detects smaller size cancers 
Detects earlier stage cancers 
Results in better survival 
Improves rate of smoking cessation 
Detects ancillary cancers and life threatening diseases 

A number of non-randomized CT screening trials 
have reported the rate of lung cancers detected in 
stage I to vary from 60-90%.(4,7,8)  The well known 
I-ELCAP trial reported 85% clinical stage I lung 
cancers.  The Mayo Clinic Trial detected 70% of 
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prevalence cancers in stage I  
and 61% of incidence cancers in stage I.(8)  Along 
with the early stage, investigators are reporting 
remarkable survival results.(7)  The I-ELCAP study 
reported survival rate of 88% in their screen 
detected lung cancer.  Bach and colleagues also 
noted a 94% 4-year survival  
in data pooled from 3 institutions conducting non-
randomized CT screening trials.(9) An additional 
benefit of CT screening includes a high rate of 
smoking cessation of approximately 20% among 
participants.  Screening serves as a teachable 
moment for the benefits of quitting smoking.  
Another potential benefit of screening is that it 
sometimes detects additional cancers or serious 
other medical problems. 

Risks and Limitations of CT Screening 

The risks and limitation of screening have also 
been delineated Table 2.(10)  In the Mayo Clinic 
Trial, we detected non-calcified nodules (NCN) in 
51% of participants on the baseline CT scan.(8)  
After 5 yearly scans, NCN were identified in over 
70% of participants.  Others have reported similar 
findings.(5,11)  With 3 years of follow-up of the 
baseline NCN in the Mayo trial, less than 2% of 
NCN were proven to be malignant.  Most did not 
change in size or resolved.  The identification of a 
NCN in a high risk individual (current or former 
smoker and 50 years or older) requires follow-up 
CT scans at some interval.  Recently, the Fleischner 
Society has published recommended guidelines 
for the frequency of their follow-up.(12)   

Table 2. Drawbacks or limitations to Ct screening 
for lung cancer. 
Many nodules that require follow-up 
Potential psychological impact of discovering a nodule 
Surgery for benign disease 
Lung cancer deaths in screened participants 
Interval cancers (failure of screening) 
Potential over-diagnosis cases 

 

Along with the discovery of a NCN is the risk of 
operation for benign disease.  In the Mayo Clinic 

CT Screening Trial 10 or 55 (18%) thoracic 
operations were for benign disease.(13)  A similar 
rate of operations for benign disease was observed 
by Pastorino and associates.(14)  

A limitation of any screening tool is the 
development of interval cancer.  These rapidly 
growing cancers cause the development of 
symptoms and are diagnosed between the annual 
CT screening examination.  Many of these are 
small cell lung cancer.  CT screening does not 
prevent all deaths due to lung cancer.  In the Mayo 
Clinic Study, 9 NSCLC were diagnosed with stage 
III or IV disease, and a total of 12 deaths due to all 
cell types have occurred.(8)  In a study out of 
Germany, Diederich observed 6 deaths out of 26 
detected cancers (23%).(15)    

Finally, there is the issue of over-diagnosis.  This is 
not a misdiagnosis, because pathologically all of 
these lesions are cancer based on careful 
pathological review.  Over-diagnosis is defined as 
a cancer that will not lead to the death of the 
patient.  This is similar, ideologically, to the 
autopsy finding of prostate cancer in an elderly 
man who died of other causes, such as heart 
disease, trauma, etc.  Over-diagnosis is generally 
accepted as the explanation for the results of the 
old screening trials with chest radiograph and 
sputum cytology versus observation alone.  The 
screening arm diagnosed 206 lung cancers while 
only 160 cancers were observed on the control 
arm.(16)  The screened arm had a significantly 
better 5 year survival, but there was no difference 
in lung cancer deaths on the screened versus no 
screening arm of the trial.  The extra 46 cases of 
lung cancer on the control arm were thought to 
represent, “over-diagnosed” cases.(17)  The two 
publications that strongly suggest over-diagnosis 
with CT screening are the reports from Japan and 
the United States.(18,19)  Hasegawa and colleagues 
were able to calculate volume doubling time 
(VDT) in 61 cases of 82 CT detected lung 
cancers.(18)  Twenty-seven or 33% of the 82 cancers 
had a VDT over 400 days.  The lung cancers that 
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were of ground glass opacity on CT had an 
average VDT of 813±375 days.  Lindell et all 
reported the VDT in the Mayo CT screening 
trial.(19)  The VDT of bronchoalveolar carcinoma 
was 780±1545 days and adenocarcinomas had a 
VDT of 746±1238 days.  In their report, 13 of 48 
(27%) lung cancers had VDT greater than 400 
days.  With a VDT of 400 days, it would take over 
7 years for a 3 mm cancer to grow to 15 mm based 
strictly on the mathematical model.  A VDT of 
over 400 days may represent over-diagnosis, 
especially in older patients.  Many would be likely 
to die of competing causes before the slow 
growing lung cancer resulted in their death.    

While the CT screening trials have resulted in a 
great deal of new information, they have also 
raised a number of questions.  It is anticipated that 
the National Lung Cancer Screening Trial in the 
United States(20) and the NELSON trial in 
Europe(21) will ultimately answer the question of 
whether or not CT screening can reduce the 
number of deaths due to lung cancer.  These two 
trials have randomized 70,000 participants to 
either CT screening or chest radiograph (NLST) or 
CT versus observation alone (NELSON).  Results 
of these two trials are anticipated within the next 
1-2 years. 
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