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Screening for lung cancer with low-dose computed tomography (CT) is contro-
versial. In favor of screening, lung cancer is the leading cause of cancer death in
the United States, and those at greatest risk are identified readily on the basis of
age and smoking history. In addition, it is well established that CT is far more
sensitive than chest radiography in detecting lung cancer when it is small and
asymptomatic. Furthermore, very high rates of survival were reported recently for
screen-detected lung cancers in a large, multinational, single-arm observational
study. However, a reduction in lung cancer mortality has not been demonstrated
to date, and a recent longitudinal study with a simulated control group suggested
little or no mortality reduction. In addition, there are important harms from CT
screening, including false-positive test results and overdiagnosis. Furthermore,
healthcare resources are finite. Therefore, even if the benefits do outweigh the
harms, the cost-effectiveness of CT screening for lung cancer still will need to be
considered in the context of competing healthcare alternatives. The objectives of
this article were 3-fold: 1) to review the basic principles of screening and study
designs related to cancer screening, 2) to summarize the results of the observa-
tional and analytical studies of CT screening that have been reported to date, and
3) to describe the design of the 2 ongoing, randomized controlled trials of CT
screening and what may be learned from these studies in the near future. Cancer
2007;110:2370-84. © 2007 American Cancer Society.
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ung cancer is the leading cause of cancer death in the United

States, killing more individuals than cancers of the colon, breast,
and prostate combined. In 2007, there will be an estimated 213,380
new diagnoses of lung cancer and 160,390 deaths from this disease.!
The high ratio of mortality to incidence in lung cancer is a reflection
of its poor prognosis. Despite modest improvements in treatment
during the last few decades, the overall 5-year survival rate for lung
cancer remains only approximately 16%.

Tobacco smoke is the single most important etiologic factor in
the development of lung cancer. It is estimated that 90% of all lung
cancers are attributed to smoking.” Smoking has been associated
most strongly with squamous cell and small cell carcinoma® but
also has been associated with adenocarcinoma, including the
bronchioloalveolar subtype. It has been estimated that approxi-
mately 10% of lung cancer deaths are attributable to various occu-
pational exposures, including asbestos, environmental tobacco
smoke, radon progeny, and arsenic.” Heredity also plays a role,
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because several polymorphisms have been associated
with an increased risk of the disease.® The role of
diet is not clear. Although the consumption of fruits
and vegetables rich in B carotene has been asso-
ciated with a lower risk of lung cancer,’ 2 rando-
mized controlled trials (RCTs) of [ carotene
supplementation in heavy smokers have demon-
strated a higher risk of lung cancer in individuals
who were randomized to receive the supplement
than individuals who were randomized to receive the
placebo.??

Despite initial enthusiasm for screening with
chest radiography, several RCTs during the 1970s
failed to demonstrate a reduction in lung cancer mor-
tali’ty.10 However, those trials have been criticized on
several grounds; and, because of their limited power
alone, they do not exclude the possibility of a lung
cancer mortality reduction in the range from 10% to
20%. Chest radiography currently is being evaluated in
the ongoing Prostate, Lung, Colorectal, and Ovarian
(PLCO) Cancer Screening Trial,'! which is powered to
detect a mortality reduction'® as small as 10%.

Regardless of whether it is demonstrated ulti-
mately that chest radiographic screening is effective,
there are several reasons to consider screening for
lung cancer with low-dose computed tomography
(CT). First, CT is far more sensitive than chest radi-
ography. In the Early Lung Cancer Action Project
(ELCAP), CT detected almost 6 times as many stage I
lung cancers as chest radiography, and most of those
tumors measured <1 cm in greatest dimension.'? In
the Mayo Clinic study, CT screening detected all lung
cancers that measured >8 mm.!® Second, CT is non-
invasive and can be performed in a few seconds dur-
ing a single breath hold. Currently, the radiation dose
for a single examination is approximately 3.3 mSv,'*
only slightly more than the United States average an-
nual effective dose equivalent per person from nat-
ural sources,'® and there is potential to lower the
radiation dose from screening CT further by an order
of magnitude.'® Third, the population at greatest risk
for lung cancer can be identified readily on the basis
of age and smoking history.

However, there also are reasons for healthy skep-
ticism about CT screening for lung cancer. First, its
effectiveness is unknown. Although high rates of sur-
vival have been reported for screen-detected lung
cancers in single-arm observational studies, espe-
cially the international ELCAP (I-ELCAP) study,17 a
reduction in lung cancer mortality has not been
demonstrated to date. In the previous RCTs of
screening with chest radiography, earlier detection of
lung cancer did not translate into a reduction in
mortality. Second, against any benefit that ultimately
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may be demonstrated, there are harms that must be
weighed, including false-positive screening results
and overdiagnosis.'®'® Radiation exposure also may
become a nonnegligible issue with repeated screen-
ing over time.?° Third, there are costs to consider,
including not only the costs of the CT screening
examinations but also the costs of the follow-up
diagnostic tests in patients who screen positive and
the costs of treatment in patients who are diagnosed
with lung cancer or have other conditions detected
by screening. Therefore, even if the benefits do out-
weigh the harms, the cost-effectiveness of CT screen-
ing for lung cancer still will need to be considered in
the context of competing healthcare alternatives.?’

In this article, I provide a review of the basic
principles of screening and study designs related to
screening. In addition, the results of the observa-
tional and analytic studies that have been reported
to date are summarized, and their limitations are dis-
cussed. After summarizing those results, I describe
the design of the 2 ongoing RCTs, the National Lung
Screening Trial (NLST) and the Dutch-Belgian Ran-
domized Lung Cancer Multi-slice CT Screening
(NELSON) trial, and what we expect to learn from
those studies. Finally, I review the latest guidelines
pertaining to CT screening for lung cancer.

Screening Principles

The American College of Radiology Task Force on
Screening Technologies has adopted the following
definition of screening®*: Screening can be defined as
the systematic testing of individuals who are asymp-
tomatic with respect to some target disease. The pur-
pose of screening is to prevent, interrupt, or delay
the development of advanced disease in the subset
of individuals who have a preclinical form of the tar-
get disease through early detection.

Natural History of Disease

In the analysis of screening, disease is modeled as a
dynamic process that evolves over time. The natural
history of disease can be represented by a time line
with certain key events (Fig. 1).2%*

Preclinical phase

The preclinical phase begins with the onset of dis-
ease, which may occur long before the onset of signs
and symptoms. For example, according to the expo-
nential model of tumor growth®® (which is probably
a gross oversimplification but still is useful for illus-
tration), lung cancer starts as a single cancer cell
about 10 microns in diameter and, on average, must
grow for about 17 years (35 doublings) to attain a
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FIGURE 1. Natural history of disease. The preclinical phase of disease
begins with its onset and ends when it produces signs or symptoms. The
clinical phase begins at the end of the preclinical phase and ends with
death. The detectable preclinical phase (DPCP) is subset of the preclinical
phase that begins when disease becomes detectable by test. Detection (X)
during DPCP advances the time of diagnosis by the duration of lead time.
Reprinted with permission from the American Journal of Roentgenology (see
Black and Welch, 1997%).

diameter of 3 cm, assuming a constant doubling
time of 180 days.?%%’

Clinical phase

In the absence of screening, the disease may pro-
gress and produce signs or symptoms, which would
mark the beginning of the clinical phase. Eventually,
the disease may cause some adverse outcome, such
as death. For example, starting as a nodule 3 cm in
greatest dimension, an average lung cancer must
grow for about 2.5 years (5 doublings) to cause
death. Death from other causes could occur any-
where along the time line and interrupt the disease
process.

Detectable preclinical phase and lead time

An important component of the preclinical phase is
the detectable preclinical phase (DPCP) of disease,
which begins when the disease becomes detectable
by the screening test. For an average lung cancer,
which is detectable by CT screening at 5 mm and
becomes symptomatic at 3 cm, the DPCP would be
about 4 years (8 doublings). The time interval
between when a preclinical case is screen-detected
and when it would have produced signs or symp-
toms is known as the lead time. The amount of lead
time gained by screening depends on the length of
the DPCP and the frequency of testing. For example,
the average lead time gained from continuous
screening would be equal to the average length of
the DPCP, whereas the average lead time gained
from a single screening would be equal to 50% of the
average length of the DPCP*®

Critical point

For many diseases, there is a critical point in time
beyond which therapy is less effective. For most can-
cers, the critical point occurs when the primary tu-

mor metastasizes. For screening to be effective, the
critical point must occur within the DPCP. If the crit-
ical point occurs before the DPCP, then screening is
ineffective. It is believed that some lung cancers
metastasize when they are only about 1 mm in great-
est dimension, at the time that angiogenesis begins
to take place.?®*° If the critical point occurs after the
DPCP, then screening is unnecessary.

Overdiagnosis
A key concept in screening is overdiagnosis,'® ie, the
diagnosis of a condition that would not have become
significant clinically had it not been detected by
screening. Conceptually, 2 forms of overdiagnosis
have been distinguished®*: Type I pertains to the
detection of preclinical disease that does not progress
or that actually regresses. For example, a pathologist
may overcall a case of benign atypical adenomatous
hyperplasia as malignant bronchioloalveolar carci-
noma (BAC), a distinction on which pathologists of-
ten disagree.>! Type II overdiagnosis pertains to the
detection of preclinical disease that progresses, but
not rapidly enough to produce any signs or symp-
toms, before the individual dies from competing
causes. Type II overdiagnosis is most prevalent among
individuals with slow-growing tumors and short life
expectancies because of age or comorbidity. For
example, 13 of 48 screen-detected lung cancers in the
Mayo Clinic study** had volumetric doubling times
longer than 400 days. Given the median greatest
dimension of 12 mm, such a lung cancer would not
be expected to cause death for >10 years, during
which time death from another cause would be likely
to occur in those who are screened for lung cancer
because of age and smoking history.>*3*
Overdiagnosis is not recognizable in a living indi-
vidual because, by definition, it cannot be confirmed
until the patient dies from other causes. Further-
more, overdiagnosed individuals usually are treated,
and the lack of subsequent signs and symptoms usu-
ally is attributed to cure from treatment. Conse-
quently, overdiagnosis in cancer screening has
received relatively little attention until recently.

Test Performance

Sensitivity

Sensitivity is defined as the ratio of true-positive to
true-positive plus false-negative test results. In the
evaluation of screening tests, true-positive results
usually refer to screen-detected cases, whereas false-
negative results refer to interval cases, ie, those that
surface clinically after a negative screen during some
specified period of time.** Sensitivity will be overesti-
mated if the number of true-positive results is over-



estimated because of overdiagnosis or if the number
of interval cases is underestimated because of
incomplete clinical follow-up of individuals who
screen negative. Another approach to measuring sen-
sitivity is to review previous screening results of
screen-detected cases and count as false-negative
those cases for which the cancer can be observed
retrospectively. Because this approach includes as
false-negative results those patients who still are
asymptomatic, it results in a lower estimate of sensi-
tivity than the approach using interval cases. With ei-
ther approach, sensitivity varies from 0% to 100% as
a cancer grows from a single cell to a large mass,
and it often is helpful to report sensitivity according
to size or anatomic extent.3®

Prevalence, incidence, and prevalence ratio

The proportion of the screened population that has
disease detected at the first, or prevalence, screen is
known as the detected prevalence, which is a compos-
ite measure of the prevalence of preclinical disease
and the sensitivity of screening. The proportion of
the screened population that has disease detected at
the subsequent, or incidence, screens is the detected
incidence. The prevalence ratio, which is the ratio of
the detected prevalence to the detected incidence, is
another measure of sensitivity and is approximately
equal to the number of screening intervals that com-
prise the length of the DPCP. For example, if the
prevalence ratio in an annual program of screening
is 3.0, then the length of the DPCP is 3 years. How-
ever, if overdiagnosis occurs during the prevalence
and incidence screens, then the prevalence ratio and
the length of the DPCP will be underestimated.
When overdiagnosis is substantial, the prevalence ra-
tio may approach 1.0.

Stage distribution

The stage distribution of detected cancer at the prev-
alence screen is a function of the level of surveillance
of the participants before screening, the test sensitiv-
ity, and overdiagnosis. The stage distribution of
detected cancer at the incidence screen(s) depends
less on the level of surveillance of the participants
before screening than the stage distribution at the
prevalence screen because of the effects of the inter-
vening prevalence screen.

All of the measures of test performance des-
cribed above—sensitivity, prevalence, prevalence ra-
tio, and stage distribution—are functions of lead
time and are related to the potential for early detec-
tion of the target disease. However, as pointed out by
Cole and Morrison®” nearly 30 years ago, earlier diag-
nosis is a “double-edged sword,” and measures of
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sensitivity should not be used as the sole indicators
of screening effectiveness.

Specificity

Specificity is defined as the ratio of true-negative to
true-negative plus false-positive test results. The spec-
ificity of a test is equal to 1 minus its false-positive
rate, which is a measure of 1 of the 2 major harms of
screening (the other major harm is overdiagnosis).
Similar to sensitivity, specificity is a function of the
positivity threshold. For example, the specificity of
screening CT for lung cancer with regard to all detect-
able, noncalcified nodules is only about 50%."* Most
of these patients will only require a follow-up non-
contrast CT in 6 to 12 months.*® However, the speci-
ficity with regard to noncalcified nodules that
measure >10 mm is >90%,'? but most of those
patients will require a more invasive evaluation. The
specificity usually is higher (and the false-positive
rate usually is lower) during the incidence screens
than during the prevalence screen, because stability
over time allows false-positive results at the preva-
lence screen to be reclassified correctly as negative.

Positive predictive value

The positive predictive value is defined as the ratio of
true-positive to true-positive plus false-positive test
results. Because the prevalence of preclinical disease
usually is very low (<5%), the positive predictive value
usually also is low. For example, if the prevalence of
preclinical lung cancer is 1% and the sensitivity and
specificity are 95%, then the positive predictive value
is only 16% (1 X 95/[1 X 95 + 99 X 5]).

Primary Outcomes of Screening

Disease-specific mortality

The purpose of screening, as stated above, is to pre-
vent or delay the development of advanced disease
and its adverse effects. Therefore, when considering
the adverse event of death, disease-specific mortality
is the most appropriate outcome measure in the eva-
luation of screening effectiveness.*® The disease-spe-
cific mortality rate in a population is the ratio of the
number of deaths from the target disease to the
number of person-years of observation. Regardless of
the study design, effectiveness usually is expressed in
terms of the relative risk reduction, which is equal to
the disease-specific mortality in the control group
minus the disease-specific mortality in the screened
group divided by the disease-specific mortality in the
control group. Deaths resulting from positive (true-
positive and false-positive) screening results and
treatment of the target disease usually are counted
as disease-specific deaths.
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Absolute versus relative risk reduction

The effectiveness of screening usually is reported as
a relative risk reduction, as discussed above. How-
ever, this metric used alone can be misleading,
because it conveys no information about an indivi-
dual’s baseline risk. It is well recognized that a more
appropriate measure of effectiveness for all types of
interventions is the absolute risk reduction,*® which
is the product of risk and relative risk reduction. For
example, suppose a screen-eligible individual has a
1% probability of dying from some disease over the
next 20 years. If the relative risk reduction from
screening (or some other intervention) is 50%, then
the absolute risk reduction is 0.5%. The reciprocal of
the absolute risk reduction is the number needed to
screen to prevent 1 death or adverse event. In the
example provided above, this number is 200 (1/.005).
It was demonstrated in a telephone survey that
respondents were much more likely to accept screen-
ing when its effectiveness was presented in terms of
the relative risk reduction rather than the number
needed to screen.*!

All-cause mortality

Although the most widely accepted endpoint in stu-
dies of cancer screening is disease-specific mortality,
the validity of this endpoint rests on the assumption
that the cause of death can be determined accu-
rately. Misclassification in the cause of death can
result in either over or underestimation of screening
effectiveness, depending on how the misclassification
occurs.”” A complementary endpoint is all-cause
mortality, which depends only on the accurate deter-
mination of deaths and when they occur.

Although a statistically significant effect on all-
cause mortality rarely is demonstrable with screening
(because the target disease usually is responsible for
only a small proportion of all deaths), it is useful to
examine all-cause mortality along with disease-speci-
fic mortality for 3 reasons. First, examination of all-
cause mortality may reveal major deficiencies in a
study, such as flaws in the randomization or ascer-
tainment of vital status. Second, examination of all-
cause mortality helps ensure that a major harm or
benefit of screening is not being missed. Third, ex-
amination of all-cause mortality puts the magnitude
of expected benefits from screening into an appro-
priate perspective for decision making.

Survival

Survival is the most common measure used in the
evaluation of treatment effectiveness, especially for
those with a diagnosis of cancer. Although survival
is an appropriate measure for the evaluation of
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FIGURE 2. Lead time bias. Without screening, diagnosis occurs when clin-
ical signs or symptoms develop. With screening, the time of diagnosis is
advanced by lead time provided by a positive test result. If earlier diagnosis
has no effect on the time of death from disease, then survival with testing is
equal to survival without testing plus lead time. Reprinted with permission
from the American Journal of Roentgenology (see Black and Welch, 19972%).

treatment, this measure is inappropriate for the
evaluation of screening for 2 reasons. First, in
screening, the vast majority of participants never
develop clinical manifestations of the target disease.
Second, in screening, diagnosis occurs after the
intervention. Therefore, to the extent that screening
advances the time of diagnosis, survival is a biased
measure of screening effectiveness.”>** Three dis-
tinct biases affect the comparison of survival in
screen-detected versus clinically detected cases of
disease.

Lead time bias. Lead time bias pertains to compari-
sons that are not adjusted for the timing of diagnosis
(Fig. 2). If survival is measured from the time of di-
agnosis, which is the usual approach, then the com-
parison between screen-detected cases and cases
that are diagnosed clinically is biased, regardless of
the real effect of earlier diagnosis. In the simple case
in which earlier diagnosis has no real effect on the
length of survival, screening will appear to prolong
survival by the lead time. (In the more general case
in which earlier diagnosis has a real effect on sur-
vival, either positive or negative, screening will
appear to prolong survival by the sum of the lead
time and the real effect.) Unfortunately, adjusting for
lead time is problematic, because it is usually
unknown and variable, which is related to a second
bias.

Length bias. Length bias pertains to comparisons
that are not adjusted for the rate of disease progres-
sion. The probability that a case will be detected by
screening is directly proportional to the length of its
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FIGURE 3. Length bias. The probability of detection is related to the rate
of disease progression. The length of each arrow represents the length of
detectable preclinical phase, from initial detectability to clinical diagnosis
(Dx). Testing at a single moment in time detects 4 patients with slowly pro-
gressive disease but only 2 patients with rapidly progressive disease (black
arrows). Patients who do not have disease detected by the test (gray arrows)
are diagnosed clinically, either before or after the time of testing. Reprinted
with permission from the American Journal of Roentgenology (see Black and
Welch, 1997%).

DPCP, which is related inversely to its rate of
progression (Fig. 3). Therefore, cases detected by
screening are more likely to be slowly progressive
than those that are not detected by screening and
ultimately present clinically. This principle is evident
in reports of CT screening for lung cancer in which
there is a strong over-representation of slowly growing
adenocarcinomas, especially BAC, and an under-rep-
resentation of rapidly growing small cell carcinomas.**

Overdiagnosis bias. Overdiagnosis bias pertains to
comparisons that are not adjusted for overdiagnosis,
which can be a major cause of confusion and harm
in cancer screening.'® In addition to overestimations
of survival and cure rates, overdiagnosis causes over-
estimations of the accuracy of the screening test, the
prevalence and incidence of the target disease, and
the stage shift because of screening. Ironically, over-
diagnosis is often the single greatest source of harm
in cancer screening, but it is the harm least familiar
to the general population.**

Secondary Outcomes of Screening

Survival

Although survival statistics should not be used as a
primary outcome measure of screening effectiveness,
they may be useful as secondary outcome measures
if placed in the proper context, such as in simulation
models that adjust for lead time, length, and over-
diagnosis biases.
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Morbidity

The morbidity caused or prevented by screening may
be substantial. Although most imaging tests that are
used for cancer screening are noninvasive and pain-
less for most participants, some may experience sig-
nificant discomfort. The most common cause of
morbidity is a false-positive screening test, which
may lead to invasive testing, including percutaneous
needle biopsies or even surgery in addition to
increased anxiety about the cancer. Perhaps the most
common cause of serious morbidity is overdiagnosis,
which results in unnecessary treatment in addition
to the diagnostic workup. However, screening also
may prevent some morbidity from the cancer and its
treatment if the cancer is detected when it is in an
early stage. In addition, a true-negative screening
result may relieve cancer anxiety. Screening also may
have a negative or positive effect or morbidity
through the detection of nontarget cancers or other
diseases.

Cost

Costs related to screening are important, because
healthcare resources are finite.*> Direct medical costs
include those related to the screening tests and sub-
sequent diagnostic evaluations, treatment for the tar-
get cancer (and other conditions first detected
through the screening process), and complications
from testing and treatment. Nonmedical and oppor-
tunity costs include lost wages, traveling and lodging
costs for the original screening tests and all subse-
quent evaluations, and treatment for the screenee
(and caregiver).

Study Designs

Observational studies

Three major types of observational studies have been
used in the evaluation of screening interventions. Cor-
relation studies describe the relation between screen-
ing frequency and disease-specific mortality rates in
populations across time and location.*® In cohort stu-
dies, a group of individuals usually is followed pro-
spectively over time with or without a nonrandomized
control group.*” In case-control studies, cases are
identified after they have experienced an adverse out-
come, such as the death from the target cancer, and
are matched to controls (usually on the basis of age
and other relevant variables) who have not experi-
enced the adverse outcome; then, the screening his-
tories of the cases and controls are compared.*® All
observational study designs are vulnerable to selection
bias, in which the risk for the target disease may be
higher or lower in the screened population than in the
control group (assuming there is a defined control
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group). If the risk is higher in the screened population,
then the selection bias will be against screening. Con-
versely, if the risk is lower in the screened population,
then the selection bias will favor screening. Observa-
tional studies also are vulnerable to confounding by
other known and unknown differences in the popula-
tions, such as access to medical care or an unknown
genetic predisposition to the target disease. Conse-
quently, the observed differences in screened and
unscreened populations may be cause by factors other
than screening.

Although observational study designs do not pro-
vide reliable estimates of screening -effectiveness,
they may provide useful estimates of test perform-
ance and secondary outcomes if follow-up is suffi-
cient. Close clinical follow-up of participants who
screen negative is necessary to determine the num-
ber of interval cancers and test sensitivity. Close clin-
ical follow-up of participants who screen positive is
necessary to determine the number of false-positive
results, test specificity, complications of screening
and treatment, survival in patients with screen-
detected cancer, quality of life, and costs.

Randomized controlled trials

RCTs are considered the best method for determining
the effectiveness of any intervention, because they
distribute the known and unknown confounding
variables equally among the different groups, thereby
ensuring that differences in outcome can be attribu-
ted to differences in intervention.*® RCTs are particu-
larly appropriate for screening, because they
eliminate the early detection biases and the potential
for confounding by variables associated with access
to screening.”® To date, 17 RCTs of cancer screening
that used the disease-specific mortality endpoint
have been completed, including 14 studies that per-
tained to imaging.***' In addition, 2 large RCTs of
cancer screening with imaging currently are under-
way in the United States: the PLCO Cancer Screening
Trial'! and the NLST.”*

Although RCTs are considered the best method
for determining the effectiveness of cancer screening,
there are many particular details to consider in the
planning, execution, and interpretation of screening
RCTs.”° The sample size of participants required for
a statistically significant effect is a function several
variables, including the disease-specific mortality in
the screen-eligible population and compliance.”®
Because participants in screening RCTs must have no
clinically evident disease at the time of entry, their
disease-specific mortality will be much less than that
of patients with clinical disease. Consequently,
screening trials generally require far more partici-

pants and longer periods of observation than treat-
ment trials. Informed consent concerning the
potential benefits and harms and confidentiality
issues is critical for ethical reasons and for the integ-
rity of the RCT.>* If they are informed properly before
randomization, then participants will be more likely
to comply subsequently with the assigned regimen
and follow-up. Because screening RCTs are analyzed
according to randomization irrespective of compli-
ance, lack of compliance in either group will result in
an underestimate of the screening effect (positive or
negative).

The interpretation strategy should be defined
well with respect to the workup of positive findings.
In addition, the treatments for different stages of the
cancer should be made explicit. The screening inter-
vention is more than simply a performance of the
screening test. The screening intervention is a full
regimen that begins with the screening examination
and also includes the subsequent workup of positive
findings and treatment of the cancers diagnosed. The
number of screening rounds and their frequency also
must be chosen.?”® The intensity and duration of
screening should be sufficient to produce an effect
on disease-specific mortality (assuming there is an
effect). To the extent that costs or other constraints
limit the number of screening rounds and the dura-
tion of observation, the RCT will underestimate the
potential impact of screening. Computer simulations
may be helpful in exploring the magnitude of this
underestimation.

After randomization, both groups should be fol-
lowed closely to obtain accurate records of their
health and medical care related to cancer and
screening regimen. Follow-up should continue for at
least 5 years from randomization and perhaps several
years longer for screening regimens with longer lead
times. Because the major endpoint is disease-specific
mortality, cancer deaths and the circumstances sur-
rounding them should be well documented with
death certificates and medical records; because,
otherwise, the cause of death may be difficult to ver-
ify. In addition, all morbid events related to the dis-
ease and complications of screening should be well
documented.

Results of Cohort Studies

General

Since the early 1990s, there have been 12 reported
observational studies of CT screening, all of which have
been single-arm cohort studies (Table 1).'%!31719.36-70
All of those studies involved volunteers who were
at high risk for lung cancer on the basis of smok-
ing, occupational exposures to carcinogens, or age.
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TABLE 1
Studies of Computed Tomography (CT) Screening: Study Population, CT Technique, and Compliance
Population CT technique
Compliance
Year Slice incidence

Name or institution Reference(s) started No*  Age, yT Smoker, % kVp mA thickness, mm screen: no. (%)*
ELCAP, US Henschke et al.,, 1999'? 1992 1000 67 100 140 40 10 841 (84)
I-ELCAP, International Henschke et al., 2006"" 1993 31,567 61 87 NR NR NR NR
ALCA, Japan Sobue et al., 2002%° 1993 1611 60° 86 120 50 10 1180 (73)
University of Munster, Germany ~ Diederich et al., 2002, 2004 1995 817 53 100 120 5 5 668 (82)
Shinshu University, Japan Sone et al., 1998, 200158 199 5483 64 46 120 5 10 4425 (81)
Finnish Institute of Occupational

Health, Finland Tiitola et al., 20027 1998 602 63 100 140 125 10 NA
Mayo Clinic, US Swensen et al, 2002, 2003, 2005*19%° 1999 1520 59 100 120 40 5 1478 (97)
Hitachi Health Care Center, Japan ~ Nawa et al., 20025 1998 7956 70 62 120 5 10 5568 (70)
PALCAD, Ireland Macredmond et al., 2004, 2006°"% 20000 449 55 100 130 5 10 413 (92)!
University of Milano, Italy Pastorino et al., 2003% 2000 1035 58 100 140 40 10 996 (96)
Nuclear Fuel Workers, US Miller et al., 20045 2000 3598 >40 66 NR NR NR NR
NY-ELCAP, US NY-ELCAP, 2007 2000 6295 66 100 120 40 1.25-10 5134 (82)
LSS, US Bach et al., 2001, 2007°*%° 2000 16607 60* 100 120-140 60 5 1398 (84)

ELCAP indicates Early Lung Cancer Action Program; NR, not reported; ALCA, Anti-Lung Cancer Association; NA, not applicable; PALCAD, ProActive Lung Cancer Detection; LSS, Lung Screening Study (CT

arm only).

* The number of study participants is the same as the number completing prevalence screen unless indicated otherwise.

T Median unless otherwise indicated.
¥ Number of participants at first incidence screen.
S Average of upper and lower age range (median not reported).

I Number participants completing first 2 incidence screens (number completing first screen was not reported).

% Only 1586 participants (96% of those randomized to CT) completed prevalence screen.
* Approximated from reported distribution (median not reported).

In all of the studies, screening was performed with-
out intravenous contrast and, in all but 1 study,
with a low-dose (<50 mA) technique. Although
none of the studies provided a reliable estimate of
the effect of CT screening on lung cancer mortality,
several of the studies provided useful information
on test performance and secondary outcomes.
Among the 9 studies that reported compliance (the
percentage of participants that returned for the first
repeat screen), the median compliance was 82%
(range, 70%-97%).

Test performance

Sensitivity. Among the 8 studies that reported the
number of interval cases during all screening rounds,
the sensitivity ranged from 81% to 100%, and the
median value was 96% (Tables 2, 3). In the study
that had the fewest participants lost to follow-up
(only 1 of 1520 participants),’® the sensitivity was
92% (61 screened-detected cases, 3 interval cases,
and 2 cases detected by sputum cytology only). In
the same study, the sensitivity ranged from 50% for
lung cancers that measured 4 to 8 mm in greatest
dimension to 100% for lung cancers that measured
>8 mm."® In the I-ELCAP study,'” the sensitivity was

99% (479 screen-detected vs 5 interval cancers), but
the investigators did not report the number of parti-
cipants with negative screening examinations who
were lost to follow-up.

When sensitivity was estimated from a retrospec-
tive review of screen-detected cases, it was much
lower. In the largest study that used this approach,”*
83 lung cancers were detected at the first incidence
screen. In retrospect, 32 of those cancers had been
missed on the prevalence screen, 20 because of
detection errors and 12 because of interpretation
errors. Thus, the sensitivity in that study was only
61% (b1 of 83 cancers). However, most of these
missed lung cancers still were in the early stage at
the incidence screening, and there were no reported
interval cases.

Prevalence, incidence, and prevalence ratio. The prev-
alence of screen-detected lung cancer was reported
in all 12 studies (Table 2). The median prevalence
was 0.9% (range, 0.4%-2.7%). This wide range prob-
ably was caused largely by the variation in age and
smoking history among the participants. The study
with the lowest prevalence had the lowest proportion
of smokers, 46%, whereas the study with the second
lowest prevalence had the lowest median age, 55
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TABLE 2
Studies of Computed Tomography Screening: Results of Prevalence Screening

No. of No. of

positive No.oflung  NSCLC, Stagel, Adeno- interval Sensitivity, Specificity,
Name or institution Reference(s) results (%) cancers (%) % % Ca,%  cases %* %
ELCAP, US Henschke et al.,, 1999' 233 (23) 27 2.7) 96 88 78 2 93 79
[-ELCAP, International Henschke et al., 2006 NR 405 (1.3) NR 86" 76¢ 5 99 NR
ALCA, Japan Sobue et al., 20025 186 (12) 13 (0.8) 100 77 77 NR NR 89
University of Munster, Germany ~ Diederich et al., 2002, 2004 350 (43) 11 (13) 91 70 45 5 69 58
Shinshu University, Japan Sone et al., 1998, 200158 279 (5) 23 (04) 100 100 83 NR NR 95
Finnish Institute of Occupational

Health, Finland Tiitola et al., 20027 111 (18) 5(0.8) 100 0 40 0 100 82
Mayo Clinic, US Swensen et al., 2002, 782 (51) 30 (2) 93 75 77 19 97 50

2003, 20053196
Hitachi Health Care Center,

Japan Nawa et al., 20025 541 (7) 37 (0.45) 95 89 95 NR NR 94
PALCAD, Ireland Macredmond et al., 2004, 20065252 109 (24) 2(0.4) 50 100 NR 1 67 76
University of Milano, Italy Pastorino et al., 2003% 61 (6) 11 (1.1) 100 55 91 0 100 95
Nuclear Fuel Workers, US Miller et al., 200453 1139 (32) 22 (0.6) 100 NR NR NR NR 69
NY-ELCAR, US NY-ELCAP, 2007 906 (14) 101 (1.6) 94 97 67 3 97 87
LSS, US Bach et al,, 2001, 2007%*% 325 (20) 30 (1.8) 97 55 63 2 94 78

NSCLC indicates nonsmall cell lung cancer; Adeno-Ca, adenocarcinoma; ELCAP, Early Lung Cancer Action Program; NR, not reported; ALCA, Anti-Lung Cancer Association; NA, not applicable; PALCAD, ProAc-
tive Lung Cancer Detection; LSS, Lung Screening Study (computed tomography arm only).

* Based on interval method (see text).

T Based on all detected lung cancers, because NSCLCs were not reported.

¥ Based only on stage I lung cancers.

S Detected by sputum cytology only.

TABLE 3
Studies of Computed Tomography Screening: Results of Incidence Screenings
No. of No. of
Incidence positive No. of lung  NSCLC, Adeno- interval Sensitivity, Specificity,

Name or institution Reference(s) screens results (%) cancers (%) % Stage, % Ca, % cases %* %
ELCAP, US Henschke et al.,, 2006' 1184 40 (3.4) 7(0.6) 86 83 NR 0 100 97
I-ELCAP, International Henschke et al., 2006"7 27,456 NR 74 (0.3) NR 86 48 0 100 NR
ALCA, Japan Sobue et al., 2002% 7891 72190 1902 95 83 74 NR NR 91
University of Munster, Germany ~ Diederich et al., 2002, 2004 1735 89(5.1)  10(06) 100 70 NR 0 100 95
Shinshu University, Japan Sone et al., 1998, 200157 8303 30937 37004 92 94 86 NR NR 97
Finnish Institute of Occupational

Health, Finland Tiitola et al., 2002” NA NA NA NR NR NR NA NA NA
Mayo Clinic, US Swensen et al., 2002, 2003, 5365 NR 31 (0.6) 90 61 42 48 89 NR

200513,19.69

Hitachi Health Care Center,

Japan Nawa et al., 2002% 5568 148 (2.7) 4(0.07) 100 100 100 0 100 97
PALCAD, Ireland Macredmond et al., 2004, 826! NR 3(0.4) 33 100 NR 0 100 NR

200661,62

University of Milano, Italy Pastorino et al., 2003% 996 34 (3.4) 11 (1.1) 100 100 64 0 100 98
Nuclear Fuel Workers, US Miller et al., 2004% NR NR NR NR NR NR NR NR NR
NY-ELCAPB, US NY-ELCAP, 2007% 6014 361 (6.0) 20 (0.3) 100 85 35 0 100 94
LSS, US Bach et al., 2001, 2007°%%° 1398 360 25.8)  8(0.6) 63 40 63 0 100 75

NSCLC indicates nonsmall cell lung cancer; Adeno-Ca, adenocarcinoma; ELCAP, Early Lung Cancer Action Program; NR, not reported; ALCA, Anti-Lung Cancer Association; NA, not applicable; PALCAD, ProAc-
tive Lung Cancer Detection; LSS, Lung Screening Study (computed tomography arm only).

* Based on interval method (see text).

T Based on all detected lung cancers, because NSCLCs were not reported.

¥ Based only on stage I lung cancers.

S Three interval cases and 1 detected by sputum cytology alone.

I Number >826 but not reported.




years. ELCAR'? the study with the highest prevalence,
had the second highest median age, 67 years, and
the highest reported median pack-years of smoking,
45 pack-years (not shown in Table 1).

The incidence of screen-detected lung cancer
was lower than the prevalence in 9 of the 10 studies
that reported both, and the 2 measures were corre-
lated only weakly (Table 3). The median incidence
was 0.4% (range, 0.1%-1.1%), and the median preva-
lence ratio was 3.4 (range, 0.9-6.5).

Stage distribution. The percentage of screen-detected
nonsmall cell lung cancers (NSCLCs) that were stage
I at diagnosis was reported in 10 of the 12 studies
(Tables 2, 3). Excluding the 2 studies with <10
NSCLCs, the median proportion of stage I NSCLCs
was 85% (range, 68%-96%). There was no consistent
difference in these percentages at the prevalence ver-
sus incidence screens. Although the median percent-
age was much higher than that reported in previous
screening studies of chest radiography—39% in the
Mayo Lung Project’>—this high median percentage
was not necessarily an indication of effectiveness.
Instead, the high median percentage may reflect a
high level of surveillance of the participants before
screening and overdiagnosis.

Specificity. Specificity could be estimated from the
prevalence screens in 11 of the 12 studies (Table 2)
and from the incidence screens in 7 studies (Table
3). At the prevalence screen, the median specificity
was 82% (range, 50%-95%). This wide range was
largely caused by variations in the definition of a
positive test result, which has evolved over time. At
the Mayo Clinic, which had the lowest specificity, all
noncalcified nodules were considered positive,
regardless of their size. However, this specificity
increased to about 75% when it was recalculated
using the 5-mm greatest dimension threshold (39%
of the noncalcified nodules measured <4 mm, and
50% measured 4-8 mm)."* The specificity was 87% in
the most recently reported study, the New York-
ELCAP, which used a 5-mm threshold. The remaining
difference between the specificities in the Mayo
Clinic and New York-ELCAP studies may have been
because of the higher prevalence of histoplasmosis at
the former site and differences in interpretation that
have yet to be elucidated.

The specificities, as expected, were higher in the
incidence screens (Table 3) than in the prevalence
screen for all 7 studies in which both percentages
could be estimated. The median specificity was 97%
per screening (range, 91%-98% per screening).
These percentages do not include results from the
Mayo Clinic, because their study did not report
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false-positive results for the incidence screens on
a per individual basis separate from the prevalence
screen. However, the Mayo Clinic study did report
that 69% of all participants had at least 1 false-posi-
tive screening result after 1 prevalence screen and
4 incidence screens. This false-positive rate prob-
ably would have been close to 35% had the study
used the 5-mm positivity threshold for pulmonary
nodules.

Positive predictive value. The positive predictive
value could be estimated from the prevalence
screens in 11 of the 12 studies and from the inci-
dence screens in 7 studies. At the prevalence screens,
the median positive predictive value was 6% (range,
2%-15%). At the incidence screens, the median posi-
tive predictive value was 10% (range, 3%-24%).

Primary outcomes: Mortality

The lung cancer-specific mortality rate was estimated
in only 1 of the 12 cohort studies: the Mayo Clinic
study.'® Among the 1453 participants who had at
least 1 incidence screen and a mean observation
time of 3.8 years, the incidence lung cancer-specific
mortality rate was 1.6 per 1000 person-years, and the
total mortality rate was 6.0 per 1000 person-years.
The lung cancer mortality also was calculated for a
subset of this population—men aged >50 years—and
was compared with the lung cancer mortality derived
from a similar subset from the Mayo Lung Project.”®
With 4 years of follow-up, there was no difference in
the incidence lung cancer mortality rates in these 2
populations (2.8 vs 2.0 per 1000 person-years; P =
.43). However, the investigators acknowledged that
this comparison may have been subject to a substan-
tial degree of confounding, because it was not based
on a randomized control group, and the length of
follow-up may have been insufficient to observe an
effect from CT screening.

Deaths resulting from surgery for lung cancer
were reported in 4 of the studies. In the Anti-lung
Cancer Association (ALCA) study,’® there were 2
deaths among 29 surgeries (6%). Both deaths resulted
from infection 6 months and 9 months after surgery
and occurred in patients with stage I lung cancer. In
the German study,”” there were 2 postoperative
deaths among 20 surgeries (10%), and both deaths
occurred in patients with stage I lung cancer. In the
Mayo Clinic study,'® there was 1 postoperative death
among 53 surgeries (2%) for lung cancer. In the Ital-
ian study,®® there were no postoperative deaths
among 21 surgeries. In the I-ELCAP study,'” there
were 2 deaths among 411 lung cancer surgeries
(0.5%). For comparison, the operative mortality for
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lobectomy, the most commonly performed procedure
for resection of lung cancer, is approximately 4% in
the United States overall.”®

Secondary outcomes: Survival

Three of the 12 cohort studies reported survival sta-
tistics. In the ALCA study,®® the 5-year overall sur-
vival rate (counting deaths from all causes) for the 36
participants with screen-detected lung cancers (32
detected by CT, 4 detected by sputum cytology only)
was 71%. The 5-year survival rate was higher for the
prevalence cases than the incidences cases (76% vs
65%), but this difference was not statistically signifi-
cant. Survival was significantly higher for adenocarci-
nomas, which comprised 75% of the CT-detected
cancers, than for other cell types.

In the Finnish study,’® which consisted of a sin-
gle CT screening for smokers with asbestos exposure,
the 5-year survival rate for screen-detected lung can-
cer was 0%. All 5 participants with screen-detected
lung cancers died from their disease within 21
months of detection. However, none of those cancers
were stage I at the time of diagnosis. Perhaps the
asbestos exposure caused pleural and parenchymal
changes that decreased the sensitivity of CT screen-
ing for early-stage lung cancer in that study.

In the I-ELCAP study,'” the 10-year lung cancer-
specific survival (treating deaths from other causes
as censored) was estimated for various subgroups of
the 484 participants who were diagnosed with lung
cancer (479 screen-detected cases and 5 interval
cases). The reported 10-year survival rate was 80%
for the entire group, 88% for the subgroup with clin-
ical stage I lung cancer, and 92% for the subgroup
with clinical stage I lung cancer who underwent
surgical resection within 1 month of diagnosis. In
addition, as mentioned above, the reported sensitiv-
ity of CT screening was 99%. Although these report-
edly high survival rates and sensitivity suggest than
CT screening may be very effective in reducing lung
cancer mortality, these statistics are subject to sev-
eral forms of bias. The survival rates and sensitivity
almost certainly were overestimated because of
overdiagnosis, although the extent to which over-
diagnosis occurred is unknown. In addition, loss to
follow-up was reported neither for participants with
known lung cancer nor for the vast majority of par-
ticipants without the diagnosis. Loss to follow-up of
these 2 groups may have caused an overestimation
of survival and sensitivity, respectively. Furthermore,
the death review process was not explicit for those
who were known to have died, and ascertainment
bias may have caused a further overestimation of
survival.

No other complications were reported as com-
monly as postoperative mortality. None of the studies
reported on quality of life or costs.

Results of Analytic Studies

Longitudinal analysis

One major limitation of the single-arm cohort stu-
dies described above is that they had no internal
control group (or explicit external control group,
with the exception of the Mayo Clinic Study) to allow
for any comparison of lung cancer outcomes. To
address this limitation, Bach et al.”* used a validated
lung cancer prediction model based on age, sex, and
smoking history to estimate the expected numbers of
various lung cancer outcomes among a combined
cohort of 3 single-arm studies (including the Mayo
Clinic and Italian studies described above and a
study from the Moffitt Cancer Center in Tampa, Flor-
ida, which has not been reported elsewhere). To
assess the effectiveness of CT screening, the investi-
gators compared the observed numbers of lung can-
cer outcomes with those predicted. They observed a
>3-fold increase in the number of new lung cancer
cases (144 observed vs 44.5 predicted) and a 10-fold
increase in lung cancer resections (109 vs 10.9).
However, they observed no decrease in advanced
lung cancer cases (42 vs 33.4) or in lung cancer
deaths (38 vs 38.8). Bach et al acknowledged that a
longer duration of screening or follow-up (median,
3.9 years) may have revealed a benefit to screening
and that there is uncertainty about the accuracy of
the prediction model. Nevertheless, they cautioned
that, to date, there is no strong evidence that CT
screening is effective.

Cost-effectiveness analyses

Several cost-effectiveness analyses of CT screening
for lung cancer have been published.*> The results,
which were reported in terms of baseline incremen-
tal cost-effectiveness ratios, have ranged from very
favorable (<$2500 per life-year saved>’®) to mar-
ginal (>$100,000 per quality-adjusted life-year
saved’”"®). The 2 analyses that produced the mar-
ginal results made adjustments for overdiagnosis, the
effects of smoking on competing mortality, and qual-
ity of life; whereas the other analyses did not. How-
ever, all of these analyses were based on “shallow”
stage-shift models, which have not been validated.*
More sophisticated “deep” models, which simulate
the natural history of lung cancer, are under develop-
ment. Some of these models eventually will be used
in conjunction with the results of the ongoing NLST
to help inform screening policy.



Randomized controlled trials

Lung screening study. Two small RCTs of CT screen-
ing have been conducted to demonstrate the feasibil-
ity of conducting a large RCT with a lung cancer
mortality endpoint.°>” In the larger study, the Lung
Screening Study (LSS),>® 3318 smokers ages 55 to 74
years were randomized to receive screening with ei-
ther low-dose CT or posterioanterior (PA) chest radi-
ograph. In the CT arm, compliance with screening
was 96% at baseline and 93% at 1-year; whereas, in
the chest radiograph arm, compliance was 93% and
80%, respectively.® The sensitivity (based on preva-
lent and interval cases) was higher for CT (94%; 30 of
32 cancers) than chest radiography (64%; 7 of 11
cancers). In addition, CT screening detected more
stage I lung cancers than chest radiographic screen-
ing (18 vs 8 cancers) and more stage II and IV lung
cancers (20 vs 8 cancers). The specificity (based on
prevalence and incidence screens) was higher in the
chest radiograph arm than in the CT arm (91% vs
78%; however, about 50% of all nodules that were
detected by CT were measured <5 mm in greatest
dimension). More participants in the CT arm under-
went an invasive biopsy than in the chest radiograph
arm (64 vs 22 patients®>®°), and approximately 33% of
those procedures were resections or open surgical
biopsies.?® Although the LSS confirmed the feasibility
of conducting a larger RCT, it was not designed to
determine the effect of CT screening on mortality.

National lung screening trial. The NLST®? is an
ongoing multicenter RCT funded by the National
Cancer Institute (NCI). The primary objective of the
study is to determine whether screening with chest
CT reduces lung cancer mortality relative to screen-
ing with chest radiography in a high-risk cohort. The
study is designed to have 90% power to detect a lung
cancer mortality reduction of 20% about 6 years after
randomization.

The eligibility criteria included ages 55 to 74
years, >30 pack-years of smoking, no symptoms or
signs of lung cancer, no prior history of lung cancer
or any other cancer within 5 years, and no chest CT
within 18 months. Between August 2002 and April
2004, 53,464 participants were recruited into the
study from 33 trial sites across the United States. Par-
ticipants were randomized to receive 3 rounds (1
prevalence and 2 annual incidence) of screening with
either low-dose chest CT or PA chest radiography.
The CT technique included low-dose (<80 mA) and
multidetector arrays (4-16 rows) with a maximal slice
thickness of 2.5 mm. All CT and radiographic find-
ings were recorded on standardized forms, and the
management of participants with positive findings
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(noncalcified nodules >4 mm) was guided by a
detailed workup algorithm. All participants have
been and will continue to be followed by question-
naires at least annually. Death certificates are
obtained for all deaths; and, when there is concern
that death may have been related to lung cancer,
treatment of lung cancer, or the screening process
(based on an explicit algorithm), the cause of death
is determined by an independent committee that is
blinded to the study arm. Vital status and cause of
death will be obtained on participants who are lost
to follow-up through the National Death Index. It is
expected that the primary outcome, cumulative lung
cancer mortality through August 2008, will be
reported in 2010.

Secondary objectives of the NLST are to deter-
mine the effect of CT screening on all-cause mortal-
ity, lung cancer stage at diagnosis, medical utilization,
quality of life, and smoking behavior.?' Detailed col-
lection of information on medical use and quality of
life from a subset of trial sites will permit rigorous
cost-effectiveness analyses of CT screening for lung
cancer. The NLST will be working in collaboration
with the NCI's Cancer Intervention and Surveillance
Modeling Network to model the impact of CT screen-
ing on population trends in lung cancer.

NELSON trial. The NELSON trial,®®> which was
launched in 2003, 1 year later than the NLST, is an
ongoing multicenter RCT in the Netherlands and Bel-
gium. The primary objective of the study is to deter-
mine whether screening with chest CT reduces lung
cancer mortality in a high-risk cohort. However,
unlike the NLST, the control group in the NELSON
trial receives no screening. Another difference
between the NELSON trial and NLST is that the 2 an-
nual incidence screens occur 1 year and 3 years after
the prevalence screen in the former trial as opposed
to 1 year and 2 years after the prevalence screen in
the latter trial. With regard to the screening tech-
nique, the NELSON trial uses 16-row multidetector
CT exclusively and semiautomated 3-dimensional
volumetric assessment of nodular growth.®* For volu-
metric assessment of small, solid, parenchymal
nodules, it has been demonstrated that this semiau-
tomated measurement process is highly reproduci-
ble®® Through October 2005, the study recruited
15,428 smokers and former smokers ages 50 to 75
years. When the NELSON trial is combined with a
similar trial of 4000 participants in Denmark, the
combined study will have 80% power to detect a
lung cancer mortality reduction of 25% 10 years after
randomization.
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Current Recommendations

Although several medical organizations make recom-
mendations about screening for cancer, the U.S. Pre-
ventive Services Task Force (USPSTF) is the most
authoritative in the United States.?® The USPSTF sys-
tematically reviews evidence pertaining to the bene-
fits, harms, and costs of screening, placing greatest
weight on the results of RCTs, and it makes recom-
mendations based on explicit criteria.?® Currently,
the USPSTF states that the evidence is insufficient to
recommend for or against lung cancer screening®’
but acknowledges that the results of the ongoing
PLCO and NLST will provide critical information in
the future®® The American College of Chest Physi-
cians also uses an evidence-based approach to de-
velop clinical practice guidelines. This organization
currently recommends that individuals should be
screened for lung cancer only in the context of well-
designed clinical trials®® The Physician Data Query
Screening Editorial Board® also uses an explicit, evi-
dence-based approach to produce summaries of evi-
dence for the benefits and harms of cancer screening
but does not make recommendations. Because non-
calcified nodules that could represent lung cancer
are detected commonly on chest CT performed for
nonscreening purposes, such as the evaluation of
shortness of breath, the Fleischner Society of chest
radiologists recently published guidelines for the
management of these incidentally detected nodules®®
Those guidelines take into account smoking history
and the strong relation between nodule size and the
probability of malignancy.

Summary

CT screening for lung cancer is a “hot topic” and is
under intense investigation. Although it has been
demonstrated convincingly that low-dose, multide-
tector row CT is highly sensitive for the detection of
small lung cancers, uncertainty remains about
whether screening with this modality will decrease
lung cancer mortality and do so sufficiently to offset
the harms and costs of screening. The results of 2
large, ongoing RCTs combined with simulation mod-
eling should resolve this uncertainty in a few years
and help guide the implementation of CT screening
if it is proven to be effective.
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