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 ABSTRACT
The goal of screening is to detect disease at a stage when 
cure or control is possible, thereby decreasing disease-
specifi c deaths in the population. Many studies have 
attempted to demonstrate that lung cancer screening 
using chest radiography or computed tomography (CT) 
identifi es patients with lung cancer and reduces cancer-
related mortality. Until recently, there was no evidence 
confi rming a reduction in disease-specifi c mortality 
with screening. Early cancer screening should result in a 
gradual population-wide stage shift toward earlier cancer 
stages over time, but stage shifting was not reported in 
early lung cancer screening studies. Lead-time, length-
time, and overdiagnosis biases may each have an impact 
on screening studies reporting survival as an outcome. In 
this past year, the National Lung Screening Trial reported a 
signifi cant reduction in cancer-related mortality as a result 
of screening with chest CT imaging. This will shape the 
direction of future screening programs.

S creening is the testing of an individual who is 
at risk for a disease, but who does not exhibit 
signs or symptoms of the disease. The goal of 
screening is to detect disease at a stage when 

cure or control is possible, and an effective screening 
program should reduce the number of disease-specifi c 
deaths in the screened population. Screening should 
focus on diseases that are associated with potentially 
serious consequences and that are detectable in the 
preclinical phase, yet it should avoid identifying 
“pseudodisease” (ie, positive test fi ndings that would 
not be expected to affect the patient’s health) or caus-
ing morbidity due to the test procedure itself.1 Finally, 
screening is only worthwhile when treatment of the 
disease is more effective when administered early.

Since lung cancer screening began in the 1950s,2,3 

many studies have attempted to defi ne the medical 
benefi ts and economic impact of widespread screen-
ing. Many important unresolved issues remain, 
including the effectiveness of lung cancer screening 
for reducing disease-specifi c mortality, the potential 
harms of screening, its cost-effectiveness, and the 
potential impact of new research methods on the 
early identifi cation of lung cancer. 

 DOES LUNG CANCER SCREENING REDUCE 
DISEASE-SPECIFIC MORTALITY? 

Early studies examined the usefulness of large-scale 
chest radiograph programs, either with or without 
sputum cytology, for lung cancer screening. Although 
several studies reported that radiographic screen-
ing identifi ed patients with early lung cancer and 
reported higher survival rates, reviews and meta-
analyses of these reports concluded that screening did 
not signifi cantly reduce disease-specifi c mortality.4,5 

The utility of chest radiography for the detection of 
early lung cancer is limited by several factors, includ-
ing poor sensitivity for the detection of small or subtle 
nodules and a relatively high false-positive rate.6–8 
More recently, several cohort studies and randomized, 
controlled trials have shown that computed tomogra-
phy (CT) screening is effective for the identifi cation 
of early lung cancer in high-risk patients (eg, indi-
viduals with chronic, heavy tobacco use or asbestos 
exposure).9–11 A recent meta-analysis concluded that 
CT-based screening signifi cantly increases the num-
ber of early lung cancers identifi ed, but also increases 
the number of false-positive fi ndings (nodules) and 
unnecessary thoracotomies for benign lesions.12 

Lung cancer screening should increase the number 
of patients identifi ed at early disease stages. Treat-
ment of early-stage lung cancer should decrease the 
number of patients identifi ed with late-stage cancer, 
resulting in a stage shift toward earlier disease for the 
population as a whole. Although lung cancer screen-
ing cohort studies and randomized, controlled trials 
have demonstrated that screening increases the num-
ber of early-stage lung cancer cases identifi ed, these 
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studies have generally not demonstrated decreased 
rates of late-stage lung cancers or stage shifting in 
the populations studied. In the 1970s, the National 
Cancer Institute began three large-scale screening 
trials at Mayo Clinic, Memorial Sloan-Kettering 
Cancer Institute, and The Johns Hopkins Univer-
sity, each enrolling approximately 10,000 patients. 

In the Mayo trial, the incidence 
of advanced-stage tumors was 
nearly identical for the screened 
versus unscreened patients, with 
303 cancer cases detected in 
the screened group versus 304 
cases in the control group.13 CT-
based cohort studies have also 
reported increased rates of early 
recognition of lung cancer and 
accompanying large increases in 
the number of diagnostic proce-
dures performed. However, early 
controlled trials of CT screening 
showed no differences between 
screened and unscreened groups 
in the numbers of patients with 
late-stage tumors or deaths due 
to lung cancer.14 

Results such as these have 
led some researchers to argue 
that survival benefi ts of screen-
ing largely refl ect observational 
biases. For example: 

• Lead-time bias occurs when 
screening results in earlier rec-
ognition of disease, but does not 
change the patient’s eventual 
lifespan, creating the appearance 
that the patient’s survival time 
with the disease is longer (Figure 
1).15 Longer lead times should be 
observed in a successful screening 
program even if eventual mortal-
ity remains exactly the same, 
and lead time bias is therefore an 
expected outcome of screening. 

• Length-time bias arises 
from the observation that any 
screening test that is applied 
intermittently is more likely to 
detect indolent tumors than 
aggressive, fast-growing tumors 
that would result in clinical 
symptoms (Figure 2).15 Indolent 

tumors move more gradually from the detectable state 
to the onset of clinical symptoms, and are therefore 
especially likely to be identifi ed by screening. 

• Overdiagnosis bias occurs when a screening test 
identifi es disease that never would have affected the 
patient’s life in the absence of screening. This type of 
bias might occur if screening identifi es a lesion that is 

FIGURE 1. Lead-time bias. Patients identifi ed by screening may live longer with disease than 
patients diagnosed clinically, although overall survival time is not improved.

Reprinted with permission from The New England Journal of Medicine (Patz EF, et al. 
Screening for lung cancer. N Engl J Med 2000; 343:1627–1633). 

Copyright © 2000 Massachusetts Medical Society. All rights reserved.
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FIGURE 2. Length-time bias. Indolent tumors move more gradually from the detectable stage 
to the onset of symptoms. These tumors are therefore more likely to be identifi ed by intermittent 
screening.

Reprinted with permission from The New England Journal of Medicine (Patz EF, et al. 
Screening for lung cancer. N Engl J Med 2000; 343:1627–1633). 

Copyright © 2000 Massachusetts Medical Society. All rights reserved.
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so indolent that it would never cause clinical disease, 
or if the population is otherwise in such poor health 
that successfully screened patients would die from 
other causes. 

There is no question that these biases affect reports 
of survival in lung cancer screening, although it is 
unclear whether they explain the reported benefi t 
of screening observed in cohort studies. Screening 
advocates have argued that the failure to screen high-
risk patients for lung cancer has the potential for 
signifi cant harm. In contrast, opponents of screening 
have argued that there was a lack of data showing a 
reduction in the number of patients diagnosed with 
late-stage cancers or in cancer-related mortality. 

 IS LUNG CANCER OVERDIAGNOSED 
IN SCREENED POPULATIONS? 

Although the apparent benefi t of lung cancer screen-
ing is susceptible to different sources of bias, overdiag-
nosis has received the greatest attention on the basis 
of both theoretical concerns and observations from 
screening studies. Estimates of lung cancer growth 
suggest that a typical 10-cm tumor, which is usu-
ally large enough to be fatal, has progressed through 
approximately 40 volume doublings during the course 
of its existence. In contrast, a more survivable—and 
clinically detectable—1-cm tumor has progressed 
through approximately 30 volume doublings.16,17 A 
lung tumor therefore spends most of its existence 
relatively undetectable. It has been estimated that 
the median doubling time is approximately 181 days, 
and that 22% of lung cancers have doubling times 
more than 465 days.18 The appearance of tumors on 
CT may suggest the growth rate, with 1 study show-
ing that solid malignant nodules had a mean doubling 
time of 149 days, compared with 457 days for partial 
ground-glass–opacity nodules, and 813 days for pure 
ground-glass nodules.19 

These estimates suggest that if a 1-cm tumor with a 
history of 30 volume doublings continues to grow at a 
typical rate (ie, a 181-day doubling time), the patient 
will die of cancer within 5 years. If the tumor is among 
the 22% of those with a 465-day doubling time, the 
survival time would be 12.7 years. For malignant pure 
ground-glass nodules, the projected time to death is 22 
years. Individuals with lung cancer are often elderly, 
long-term cigarette smokers with emphysema or other 
chronic health problems—many of whom would die 
of other causes before their lung cancers progressed 
enough to cause signifi cant health problems. 

As an argument against the signifi cance of over-
diagnosis in lung cancer screening, it has been noted 

that outcomes are worse for patients identifi ed with 
early-stage lung cancer in screening studies who do 
not receive treatment. For example, the results of a 
study of 1,432 patients with stage I non–small cell 
lung cancer (NSCLC) are illustrated in Figure 3. 
Survival was much better in screened patients who 
were treated than in those who were untreated, 
with almost all the untreated patients dying within 
10 years of diagnosis.20 However, the subjects in this 
study were atypical of those in most screening stud-
ies. Thirty-three percent of the patients had squa-
mous cell carcinoma and 61% had relatively large 
T2 lesions, compared with a typical screening study 
comprised of patients with more than 50% T1 lesions 
and a smaller percentage of squamous cell carcinoma. 

Another argument against overdiagnosis comes 
from gene profi ling studies that have compared 
genetic tumor markers for tumors identifi ed by screen-
ing with tumors identifi ed clinically. One study found 
that the expression profi le of 3,231 genes was similar 
for patients with lung cancer identifi ed by screen-
ing or by symptoms.21 However, these investigators 
also found that nine genes known to be important 
in tumor growth differed between screened and non-
screened populations. 

The signifi cance of overdiagnosis is supported by 
a long-term follow-up study from the Mayo Clinic 
chest radiography screening trial, which found that 
the number of lung cancer cases remained higher in 
the screening group than the control group (585 vs 
500 cases) for up to 28 years after screening, suggest-
ing an overdiagnosis of lung cancer by approximately 
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FIGURE 3. Survival is worse in untreated than in treated non–small 
cell lung cancer patients, arguing against overdiagnosis bias. Blue 
line: patients receiving surgery; green line: untreated patients who 
refused surgery. 

Reprinted with permission from the American College of Chest Physicians 
(Raz DJ, et al. Natural history of stage I non-small cell lung cancer: 

implications for early detection. Chest 2007; 132:193–199). 
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85 cases per 500 patients screened (approximately 
17%).22 Several studies have also demonstrated that 
screening populations may have tumors with more 
favorable histology or clinical characteristics, includ-
ing higher levels of bronchioloalveolar carcinoma 
or well-differentiated adenocarcinoma.23–25 Finally, 
autopsy series have found undiagnosed lung tumors 
in as many as 1% of patients who died from natu-
ral causes, with fewer advanced tumors found in the 
1970s than in the 1950s.26,27 

These arguments led most to believe randomized 
controlled trials of CT-based screening were needed. 
The largest of these, the National Lung Screen-
ing Trial (NLST), has recently reported results that 
will clarify the impact of lung cancer screening on 
cancer-related mortality.28 This study enrolled 53,456 
subjects between the ages of 55 and 74 years with a 
history of at least 30 pack-years of smoking. Patients 
were randomized to baseline screening followed by 
annual screening for 2 years using either low-dose 
helical CT or chest radiography and outcome follow-
up 5 years after randomization. Data analysis after 6 to 
8 years of follow-up found 442 lung cancer deaths in 
the chest radiograph arm versus 354 in the CT arm, 
representing a 20.3% reduction with CT.29 Screening 
of 320 patients using low-dose helical CT would be 
required to avoid each lung cancer death. Thus, after 
years of debate, it has been demonstrated that it is 
possible to reduce lung cancer-specifi c mortality with 
CT-based screening. 

 ARE THERE SIGNIFICANT RISKS 
WITH CT-BASED SCREENING?

Lung cancer screening using chest CT may be associ-
ated with certain risks. The detailed high-resolution 
images produced by contemporary CT reveal small 
benign lung nodules in as many as 74% of patients 
(Figure 4).24,30 Although these nodules rarely repre-
sent a signifi cant health problem, they require follow-
up procedures and contribute to patient anxiety.31 In 
one study, every 1,000 individuals screened with CT 
imaging resulted in the identifi cation of nine cases of 
stage I NSCLC, 235 false-positive nodules measur-
ing at least 5 mm, and four thoracotomies for benign 
lesions.12

Radiation from CT tests is a potential concern, 
although it is diffi cult to quantify the importance of 
this risk. One estimate of CT-related radiation expo-
sure found that annual CT screening of 50% of the 
eligible population between 50 and 75 years of age 
in the United States would result in approximately 
36,000 new cancers, or a 1.8% increase in the rate of 
cancer over the expected rate.32 Many patients and 
health care professionals are already concerned about 
the degree of radiation exposure from medical diag-
nostics. A recent study that examined cumulative 
radiation exposure due to medical imaging in 952,420 
adults aged 18 to 64 years found that approximately 
57.9% of men and 78.7% of women receive at least 
some annual health care-related radiation exposure.33 
Radiation exposure was considered moderate (> 3–20 
mSv/yr) for 18.1% of men and 20.3% of women, and 
was considered high (> 20–50 mSv/yr) or very high 
(>50 mSv/hr) for 2.3% of men and 2.1% of women.

 IS SCREENING COST-EFFECTIVE?
It is diffi cult to calculate the cost-effectiveness of CT 
screening because the impact of screening on mortal-
ity and the economic implications of false-positive 
fi ndings are not well understood. A cost-effectiveness 
analysis of helical CT screening assumed that screen-
ing would result in a 50% stage shift and a 13% reduc-
tion in mortality.34 Under these assumptions, the 
cost-effectiveness was greater among current smok-
ers ($116,300 per quality-adjusted life year saved by 
screening) than among currently quitting smokers 
($558,600) or former smokers ($2,322,700). These 
investigators concluded that lung cancer screening is 
unlikely to be cost-effective, especially among those 
with the lowest levels of current tobacco exposure 
(quitting or former smokers). 

Larger stage shifts or reductions in mortality would 
be expected to translate into greater cost-effective-

FIGURE 4. Benign lung nodules visualized on computed tomography.
Reprinted with kind permission from Springer Science+Business Media 

(Fischbach F, et al. Detection of pulmonary nodules by multislice computed 
tomography: improved detection rate with reduced slice thickness. 

Eur Radiol 2003; 13:2378–2383). 
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ness, although the real-world effects of screening 
on these parameters are uncertain. Data from a US 
nationwide survey suggested that only about one-half 
of all current smokers would opt for surgery following 
a positive screening result, which might signifi cantly 
decrease the cost-effectiveness of treatment.35 

It is unclear how well the methods used in screen-
ing studies such as the NLST would translate to actual 
clinical practice at a national level, or how the health 
care system would manage the many small lung nod-
ules that would be identifi ed using this approach.

 HOW WILL FUTURE DEVELOPMENTS AFFECT 
LUNG CANCER SCREENING?

Ongoing studies will continue to refi ne our under-
standing of the impact of lung cancer screening. For 
example, the randomized Prostate, Lung, Colorectal, 
and Ovarian Screening Trial is examining chest radio-
graph screening versus control in both smokers and 
never-smokers between 55 and 74 years of age.36 It 
is anticipated that this study will provide important 
information about how well chest radiographs per-
form for the identifi cation of lung cancer in high- and 
lower-risk populations. Large randomized trials in 
Europe are comparing CT with no imaging for lung 
cancer screening.37 Efforts to better characterize spe-
cifi c patient populations who are at the greatest risk 
of lung cancer may help to improve the effi ciency and 
cost-effectiveness of screening. Advances in molecu-
lar testing may help to identify molecular and genetic 
tumor biomarkers that herald increased lung cancer 
risk and greater need for screening. More research is 
needed to better understand the optimal management 
of patients with small lung nodules on screening tests. 
Professional societies are poised to publish revised 
screening recommendations as data from the NLST 
become available. Finally, insurers will need to evalu-
ate the evidence and develop reimbursement policies. 

 SUMMARY AND CONCLUSIONS
Lung cancer screening efforts conducted over the 
last several decades have shown that it is possible to 
identify early lung cancer in high-risk patient popula-
tions. However, demonstrating a clear improvement 
in cancer-related mortality has been more diffi cult. 
Biases inherent to noncontrolled trials of screening 
may explain some of the benefi cial effects on survival 
observed in some studies. Recent results from the 
NLST have for the fi rst time demonstrated a signifi -
cant reduction in lung cancer mortality in high-risk 
patients screened for lung cancer with chest CT, 
although there are continuing concerns about the 

cost of screening, the risks from radiation exposure, 
and the additional testing resulting from the iden-
tifi cation of small benign lung nodules. Ongoing 
research will help to maximize the benefi t of lung 
cancer screening and minimize the related risks. 
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