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The feasibility of diagnosing small stage I lung cancers using low-dose chest
computed tomography in asymptomatic at-risk individuals has been
demonstrated in multiple studies. However, it has yet to be proved that the
introduction of a chest computed tomography screening programme would

do more good than harm at an acceptable cost.

creening for lung cancer using low-dose

spiral computed tomography (CT) is a

topic which has stimulated much dis-

cussion during recent years, but as yet
no firm conclusions can be drawn regarding its
potential value. The underlying concept of an
early lung cancer detection programme is that
more cures can be achieved when stage 1A
tumours are detected in asymptomatic individu-
als compared with patients who first present at a
later stage or with symptoms. This is because the
surgical results and 5-year survival rates are sig-
nificantly better in those with early disease: the
average S-year survival for all lung cancers is
close to 15% (Jemal et al, 2002) whereas 5-year
survival rates for stage 1A non-small cell carci-
nomas are 67% or even higher in some series
(Mountain, 1997; Naruke et al, 2001). Non-
small cell lung cancer accounts for about 70% of
all lung cancers.

The use of low-dose spiral CT as a screening
tool for lung cancer was pioneered by Kaneko et
al (1996) and Sone et al (1998) in Japan, by
Henschke and colleagues (1999) in the USA
and by Diederich et al (2000) in Germany. These
groups have clearly demonstrated that spiral CT
can identify small peripheral lung cancers in
asymptomatic individuals and their reports have
been met with much enthusiasm. As a result, in a
bid to determine the benefit, if any, of CT-based
lung cancer screening several countries have
now commenced both non-randomized and ran-
domized trials and others, including the UK,
have developed detailed proposals for trials
which are as yet unfunded.

In the UK there are approximately 38 000
new cases of lung cancer diagnosed annually
(Cancer Research UK, 2003). The vast majority
of cases are the result of cigarette smoking and
the most recent UK statistics from 2003 have
revealed that lung cancer accounted for 22% of

all cancer deaths in the UK (Cancer Research
UK, 2003). Mortality from lung cancer has
been declining over recent years, yet in men it
remains the most common cause of cancer
death and in women lung cancer is now the
leading cause of cancer death, overtaking breast
cancer mortality for the first time (Cancer
Research UK, 2003).

The NHS Cancer Plan aims to reduce mortal-
ity from cancer by improved quality of patient
care throughout the UK via earlier diagnosis and
the instigation of prompt appropriate up-to-date
treatment (Department of Health, 2000). While
the best way to reduce lung cancer mortality is
disease prevention through smoking cessation
programmes, it is unlikely that reduction in
smoking would be of sufficient magnitude to
make a major impact on lung cancer mortality in
the foreseeable future.

Lung cancer screening in high-risk groups
therefore offers an attractive alternative, giving
individuals in whom early lung cancers are
detected the possibility of cure through early
therapeutic intervention. However, the pre-
sumption that earlier diagnosis using low-dose
spiral CT necessarily equates to a decrease in
mortality from lung cancer is simplistic,
because there are so many variable factors and
inherent biases to take into account (Black,
2000a; Patz et al, 2000a; Ellis and Gleeson,
2001; Ellis et al, 2001). Such biases were
clearly apparent in earlier lung cancer screen-
ing trials using chest radiography and sputum

cytology.

EARLY LUNG CANCER SCREENING
TRIALS

Increasing rates of lung cancer in the 1960s and
1970s led the National Cancer Institute (NCI)
to sponsor three large prospective randomized
controlled trials (RCT) of lung cancer screen-
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ing (Flehinger et al, 1984; Fontana et al, 1986;
Tockman, 1986). A fourth large RCT was also
conducted in Czechoslovakia (Kubik et al,
1990, 2000). Although other smaller non-ran-
domized controlled studies of lung cancer
screening were undertaken in the 1970s (Brett,
1968; Nash et al, 1968; Wilde, 1989), most
attention has been focused on the results of the
four major studies which all compared chest
radiography, with or without sputum cytology,
with a control group.

The multicentre survey conducted by the NCI
between 1971 and 1983 has been extensively
analysed and is the only one that will be dis-
cussed in this article. In total, 0.73% of individu-
als were diagnosed with lung cancer at their
initial screening (Flehinger et al, 1984; Fontana
et al, 1984, 1986, Frost et al, 1984; Heelan et al,
1984; Sanderson, 1986; Tockman, 1986). In the
Mayo Lung Project section of the study, approxi-
mately 9000 men over 45 years of age who were
chronic heavy cigarette smokers, but with no
medical contraindications to surgery, partici-
pated. After excluding nearly 1000 individuals
who were ruled ineligible because of serious
medical problems, this portion of the study
(Fontana et al, 1986, 1991) then randomly
selected half of the subjects to undergo surveil-
lance by chest radiography and sputum cytology
every 4 months, and half to a control group who
were recommended to have annual chest radi-
ographs and sputum cytology.

The rate of cancer diagnosis in the screened
group was 5.5 per 1000 per year, compared
with 4.3 per 1000 per year in the control
group. The resectability rate was higher in the
screened group (46%) than in the control
group (32%) and the median survival was at
least three times better in the study group, but
after a median of 20 years the lung cancer
deaths were virtually identical in the two
groups: 4.4 per 1000 in the screened arm com-
pared to 3.9 per 1000 in the control group
(Marcus et al, 2000). The apparent disparity
between the greatly improved survival and the
lack of improvement in mortality from lung
cancer is believed to be a result of overdiagno-
sis in the screened population (Eddy, 1989;
Marcus et al, 2000).

The conclusions drawn from analysis of the
results were that large-scale radiographic and
cytological screening for lung cancer did not
result in a mortality benefit. Critics of this
conclusion have argued that there might have
been a benefit to a subset of patients and that
the chest radiography component of the study
only had the power to show a reduction in mor-

tality of 50%, rather than a more realistic
expectation of between 10 and 20% (Eddy,
1989; Rubin, 1991; Henschke and Yankelevitz,
2000; Miettinen, 2000). However, a subsequent
detailed re-analysis of the data has confirmed
the initial conclusions (Marcus et al, 2000;
Manser et al, 2003).

The Prostate, Lung, Colon and Ovarian study
is a randomized controlled trial (RCT) which is
currently underway and is funded by the NCI.
This trial aims to determine the role of annual
chest radiography in screening for lung cancer.
The study has been designed with a power of
89% to detect a difference in lung cancer mortal-
ity of 10% (Gohagan et al, 1995). While the
results of this study are expected in the not too
distant future, the introduction of low-dose spiral
CT may have superseded the potential value of
chest radiography as a method of lung cancer
screening.

IMPORTANT BIASES IN CANCER
SCREENING PROGRAMMES

Three fundamental biases need to be considered
in relation to interpretation of lung cancer
screening trials: lead-time bias, length bias and
overdiagnosis bias.

Lead-time bias

The term ‘lead-time bias’ refers to the extra life
expectancy that occurs simply from diagnosing a
tumour earlier, regardless of whether or not
treatment is effective. In other words, moving
the time of diagnosis of a lung cancer forward
inevitably improves 5-year survival rates, which
are calculated from the time of diagnosis,
regardless of the effect on mortality.

Length bias

‘Length bias’ refers to the tendency for tumours
with an inherently better prognosis to be dis-
covered by population screening because they
are slower growing lesions. This is particularly
important on the first round (referred to in
screening parlance as the ‘prevalence’ round) of
screening because fast-growing tumours pre-
sent with symptoms more rapidly and these
patients are unlikely to present themselves for
screening.

Overdiagnosis bias

‘Overdiagnosis bias’ is similar to length bias; it
refers to overdiagnosing a benign lesion as a
malignant tumour, or diagnosing a very slow
growing malignancy that would not cause clini-
cal disease or death of the patient during his or
her natural life expectancy (Black, 2000a).
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Atypical adenomatous hyperplasia (originally
referred to as bronchioloalveolar cell ade-
noma), is a relatively recently described patho-
logical process which may be of particular
relevance. It is for practical purposes only rec-
ognized in vivo on chest CT (Miller, 1990;
Vazquez and Flieder, 2000; Kawakami et al,
2001). Histopathologists vary considerably
among themselves over whether they designate
very small lung lesions as atypical adenoma-
tous hyperplasia (believed to be either a benign
process or a preinvasive carcinoma), or whether
they classify the lesion in question as invasive
carcinoma.

These biases can be minimized by compar-
ing disease-specific deaths (that is, deaths
resulting from lung cancer) in a RCT of a
screened vs a non-screened population with
sufficiently long follow up to compensate for
lead-time bias. A fourth potential bias operates
even in RCTs, namely selection bias, where
conclusions may be based on series of patients
in whom the randomization procedure does not
produce groups which are representative of the
population at large. Patients who self select for
screening trials tend to be well informed and
motivated to undergo regular follow up,
whereas in population screening programmes
the screened population tends to be more het-
erogeneous.

In general screening programmes diagnose
disease carly, but those that do not lead to
reduced mortality from the disease being
detected have the following characteristics
when compared to historical or non-random
controls:

1. Earlier stage at diagnosis and consequently
improved resectability rates

2. Improved survival

3. Higher proportion of cancers

4. No change in the number of late stage
tumours

5. No reduction in mortality.

Survival following surgical resection from lung
cancer is complex and multifactorial, and
depends not only on tumour size and stage, but
also on the ability of the tumour to metastasize
and the ability of the body defence systems to
destroy micrometastases. Many other poorly
understood host and tumour factors are also
involved in determining the balance between
tumour growth and destruction (Black, 2000b;
Patz et al, 2000Db).

LUNG CANCER SCREENING USING

LOW-DOSE SPIRAL CT

Low-dose spiral CT has now been used for

almost a decade as the primary technique for

screening populations at risk for lung cancer. All
the programmes have used low-dose CT (40 and

50 mA and between 120 and 140 kVp).

The results from the major published studies
are listed in 7able 1. For comparison the results
from screening programmes for breast cancer
with mammography show a yield of 0.7% at ini-
tial screening.

There are several important conclusions which
can be drawn from these early lung cancer
screening programmes:

B The diagnostic yield of lung cancer from CT
is far superior to that of chest radiography. At
least twice as many small lung cancers are
visible on CT than on plain chest radiogra-
phy. The lesions that are invisible on chest
radiographs are either below the size thresh-
old for non-calcified nodule detection, are
obscured by overlying structures or are
shown to have infiltrating and, therefore, rel-
atively ill-defined margins (Yang et al,
2001a).

Number of individuals

Age (years)

Number of patients with lung 27

cancer in prev0|ence roun:

% of patients with lung

TABLE 1.
Low-dose computed tomography screening results
USA* Japant Japang
1000 1369 5483
>60 >50 >40
3/663 22
27 0.4 0.40

cancer in prevalence round

Number of patients with lung 7
cancer in incidence round(s)

% of patients with lung

cancer in incidence round(s)

Stage 1 (%)

7/706 in 1st twice yearly
screen, 5/1111 in second
or later twice yearly screen

25/4425 in 1st annual
screen, 9/3878 2nd

annual screen

Germany§ USAT
817 1520
>40 >50

11 26

1.3 1.5

Not available 10 in two

incidence rounds

0.59 1.0 in first rescreen, 0.56 in 1st annual Not available 0.20
0.2 in subsequent screens  screen, 0.23 in 2nd
annual screen
85 93 88 73 60

*Henschke et al (1999, 2001); T Kaneko et al (1996, 2000); ¥ Sone et al (2001); § Diederich et al (2002); § Swensen et al (2002, 2003).
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B A very high proportion of the cancers diag-
nosed are stage 1 (57-85%) and most of
these are stage 1A. One of the primary objec-
tives of screening is therefore fulfilled,
namely to diagnose asymptomatic early stage
disease.

B The cancer diagnosis rate is highly dependent
on inclusion criteria. A greater incidence of
lung cancer is found when the age of those
screened is above 60 years, and when the
screening CT is limited to those with a heavy
smoking history.

B The detection rate of benign nodules is very
high. Up to 98% of non-calcified nodules
detected in the USA trials reported to date
were benign. While this in part may be a
result of the high incidence of histoplasmosis
in the USA, the incidence of benign nodules
is also very high in Europe (Diederich et al,
2002), where histoplasmosis is rare.

B As anticipated in all screening programmes,
both the detection rate of lung cancers and
the false positive rate are reduced consider-
ably on annual follow-up screening (incident
screen). However, the false positive rate may
still be as high as 14% (Swensen et al,
2003).

APPEARANCE OF LUNG CANCERS
DETECTED IN SCREENING
PROGRAMMES

Cancers detected by CT screening may be:

B Pure ground-glass density (Figure 1)

B A central solid nodule (i.e. soft tissue density)
surrounded by ground-glass shadowing
(Figure 2)

B Homogeneously solid (i.e. wholly soft tissue
density) (Figure 3)

B Heterogeneous low density and soft tissue
density.

During recent years an enormous amount of

data on the appearances of screen-detected lung

cancers has been accrued (Aoki et al, 2000;

Yang et al, 2001b; Henschke et al, 2002). The

less solid the component, the less visible the

lesion is at plain chest radiography (Yang et al,
2001b). Also the greater the proportion of
ground-glass shadowing the more likely it is
that the lesion will grow relatively slowly (Aoki

et al, 2000; Henschke et al, 2002) and will be a

well-differentiated tumour, such as a bronchi-

oloalveolar carcinoma or atypical adenomatous
hyperplasia (Yang et al, 1999; Kodama et al,

2002; Suzuki et al, 2002). Nodules that grow

quickly tend mostly to be either homogeneously

or predominantly solid at CT (Wang et al,

2000).

IMAGING ALGORITHMS TO
DETERMINE THE NATURE OF

A SMALL PULMONARY NODULE
Screening studies using low-dose spiral CT have
revealed that a large number of indeterminate
non-calcified pulmonary nodules are detected of
which only a small proportion prove to be malig-
nant. These non-calcified nodules range in size
from only a few millimetres to over a centimetre
in diameter. Nodules less than 1 cm in diameter
are usually impossible to characterize on CT and
are not in general suitable for biopsy, positron
emission tomography (PET) or contrast
enhancement. Indiscriminate surgical resection
of these small nodules, most of which would
prove to be benign, would severely disadvantage
a large number of individuals.

Figure 1. 8 mm pure
ground-glass opacity
pulmonary nodule in left
upper lobe. This nodule
was followed up for

2 years and remained
stable. 18F-
florodeoxyglucose
positron emission
tomography was
negative. The patient
declined resection of the

lesion.

Figure 2. 12 mm part
solid pulmonary nodule
with a central solid core
surrounded by ground-

glass opacity.
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Figure 3. 14 mm A strategy for evaluating non-calcified nod-
spiculated solid ~ ules detected on screening is therefore required.
pulmonary nodule right  The basic principles underlying the diagnostic
upper lobe.  approach to individual nodules detected during a
lung cancer CT screening programme are similar
to those described for a solitary pulmonary nod-
ule first detected on plain chest radiography.
There is, however, one very important differ-
ence. It is generally regarded as unwise to leave
a nodule larger than 1 cm with imaging charac-
teristics compatible with bronchial carcinoma
for annual follow up because the delay inherent
in this would be detrimental to life expectancy.
Follow up alone to observe nodule growth is an
accepted approach for nodules under 1 cm in
diameter, largely because of the much higher
probability of any particular nodule being an
incidental benign lesion.

The hope is that the benefit of some delay, to
check that the growth rate is compatible with
lung cancer, thereby avoiding unnecessary
surgery, will outweigh the disadvantage of delay-
ing treatment for what should still be a small
tumour at the time of surgery. However, it is
important to note that benign tumours may grow
and in the series reported by Swensen et al
(2003) from the Mayo Clinic, five out of eight
benign lesions showed growth on follow up and
eight patients underwent thoracotomy for benign
lesions; in total, 21% of surgical resections were
deemed unnecessary.

A variety of algorithms, which differ in points
of detail, have been recommended (Yankelevitz
and Henschke, 2000; Aberle et al, 2001;
Diederich et al, 2002; Swensen et al, 2002). One
approach, advocated by the authors of this arti-
cle, is:

B To recommend follow up at 12 months for
individuals with one to six nodules, none of

which exceeds 4 mm in diameter. The concept
behind this recommendation is that, based on
the growth rate expected for 90% of non-
small cell lung cancers, any nodule that is in
fact a small bronchial carcinoma will still be
no bigger than 10 or 11 mm in diameter at an
annual follow up.

B Individuals with more than six nodules, all of
which are under 1 cm in diameter, can be
assumed to have multiple granulomas and
should undergo annual screening in the same
manner as subjects who have a normal chest
CT.

B A cluster of nodules (i.e. two or more nod-
ules, none of which is more than 1 cm dis-
tant from an adjacent nodule), all of which
are less than 1 cm in diameter, should be
regarded as being caused by tuberculosis or
histoplasmosis; there is a very low probabil-
ity of any individual nodule being lung car-
cinoma.

B The shape and density of nodules between 5
and 10 mm in diameter should be assessed.
If the lesion is clearly linear, or Y-shaped, or
shows other specifically benign features
such as fat or a benign pattern of calcifica-
tion, the lesion can be assumed to be
benign.

B If none of these specific benign features are
present, then follow-up CT after 3 months
should be performed to determine lesion
growth. The frequency of follow up beyond
3 months should be tailored to the estimated
range of possible growth rates determined at
the first 3-month review. Growth rates are
expressed as the time taken for the nodule to
double in volume.

B The total follow-up period should be 2 years.
A nodule that shows a volume doubling time
compatible with lung cancer, namely
between 1 month and 18 months, should be
assumed to be a carcinoma and treated
appropriately. However, there are important
caveats; a nodule that shows no growth over
a 2-year period is very unlikely to be malig-
nant, but it is important to emphasize that 2-
year stability does not totally rule out lung
carcinoma (Yankelevitz and Henschke,
1997); very slow growth of adenocarcinomas
with doubling times of up to 48 months have
been reported (Hasegawa et al, 2000) and
slow growth does not exclude bronchial car-
cinoid.

B For those centres with ready access to PET, it
is reasonable to perform PET on nodules
above 5 mm in diameter and expedite biopsy
for a nodule which shows abnormal uptake of
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the tracer (Marom et al, 2002). It is important

to recognize, however, that a negative PET for

nodules less than 1 cm is unreliable evidence

of benignity (Pastorino et al, 2003).

B Above 1 cm in diameter, the approach is iden-
tical to that described for a solitary pul-
monary nodule discovered on plain chest
radiography.

It is important not to underestimate the diffi-

culty of accurately determining the growth rate

of nodules under 1 cm in diameter. A nodule
has to increase its diameter by only 26% to
double its volume. For example, a 5 mm nodule
which doubles in volume during a 6-month
period will increase in diameter by just
1.25 mm, a difference which requires meticu-
lous methods of nodule measurement, prefer-
ably using dedicated computer software which
is now becoming more widely available (Zhao
et al, 1999) (Figure 4). With appropriate soft-
ware it is possible to achieve accuracies for vol-
ume measurement with phantom nodules of
within 3%, but interobserver agreement can
differ in vivo by up to 20% (Wormanns et al,

2000). Three-dimensional computerized tech-

niques demonstrate asymmetrical growth better

than two-dimensional displays. Asymmetrical
growth is diagnostically useful because it is fre-
quently observed in cancerous nodules

(Yankelevitz et al, 1999). To gain widespread

application, however, the various computerized

methods will need to be integrated into clinical
practice more widely and will need to be quick
and easy to apply.

Advances in technology, notably multidetector
CT scanners, cine viewing, computerized nodule
detection systems and three-dimensional recon-
struction techniques (Tillich et al, 1997; Armato
et al, 1999, 2001, 2002; MacMahon et al, 1999;
Reeves and Kostis, 2000; Ko and Betke, 2001;
Wormanns et al, 2002) may improve the ability
of low-dose helical CT to detect and accurately
characterize lung nodules, but all the available
systems both under- and overdiagnose nodules
compared to human observers and therefore are
likely to be used as adjuncts, or as a ‘second
reader’ alongside radiologists’ own interpretation.

THE NEED FOR A RANDOMIZED
CONTROLLED TRIAL

The central aim of any population screening pro-
gramme is to do more good than harm at a cost
which is acceptable to society. The potential ben-
eficial effects of a lung cancer CT screening pro-
gramme are that it might extend life by reducing
mortality resulting from the lung cancer.
Potential harmful effects include extra radiation

from repetitive CT examinations and the conse-

quences of false positive diagnoses, notably anx-

iety as a result of the lead time, anxiety and
complications from unnecessary further imag-
ing, biopsy and even surgery.

There has been considerable debate regarding
the advisability of introducing large-scale low-
dose spiral CT screening for the early diagnosis
of lung cancer (Smith, 1999; Miettinen, 2000;
Henschke and Yankelevitz, 2000; Patz et al,
2000a, 2001; Aberle et al, 2001; Miettinen and
Henschke, 2001; Heffner and Silvestri, 2002).
The debate centres on the significance of the
various biases outlined at the beginning of this
article in the face of the clearly demonstrated
ability of CT to detect lung cancers under 1 cm
in size at a time when the tumour is still stage
1A. It will take a RCT with many years of fol-
low up to determine any mortality reduction
and until this vital piece of information is
known it will not be possible to calculate the
cost in any meaningful way. The standard way
of considering financial cost is to calculate the
monetary cost per quality adjusted life year
(QALY) saved. One study by Mahadevia et al
(2003) has shown disappointing results but it
will require a full analysis of the long-term
results of RCTs to fully answer the questions
related to costs and benefits of population
screening with certainty.

Therefore the fundamental questions to be
answered in the large-scale randomized trials
currently being conducted by the NCI in the
USA and other studies being carried out in
Europe are as follows:

1. Does early detection using up-to-date multi-
detector spiral CT result in a measurable
reduction in the mortality of lung cancer?

2. Can thoracotomy be limited largely to those
patients with life-threatening malignancies?

3. Can mass screening with helical CT be per-
formed in a cost-effective manner?

Figure 4. Pulmonary

nodule analysed using

syngo Lung Care software

(Siemens AG, Erlangen,
Germany). a. 286 mm3
nodule at baseline and (b)
13 mm3 interval growth

to 299 mm3.
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CONCLUSIONS

There is no evidence that population screening
using chest radiographs saves lives in patients
with lung cancer. There has been considerable
debate and controversy regarding the advisabil-
ity of introducing large-scale low-dose spiral
CT screening for the early diagnosis of lung
cancer. The debate centres on how important
the various biases are in the face of the clearly
demonstrated ability of CT to detect lung can-
cers under 1 cm in diameter at a time when the
tumour is still at an early stage and is deemed
resectable. We will need to await the outcome
of large randomized trials to answer these tan-
talizing questions. In the UK lung cancer
remains the leading cause of cancer death in
both males and females and new approaches to
lung cancer detection and treatment must be
pursued if we are to make any headway in com-
bating this disease.

Smoking prevention is clearly an important
component of any fight against lung cancer but
other measures including the investigation of
biomarkers for early detection and chemopre-
vention therapies are also important initiatives
(Mulshine and Hirsch, 2003). Low-dose spiral
CT for detection of lung cancer in asymptomatic
individuals is already creeping into clinical prac-
tice in the UK but the relative incidence of lung
cancer in high-risk asymptomatic individuals
and of benign nodules in the UK population is
unknown. Therefore in the authors’ view there
remains a place for a pilot study of lung cancer
screening in the UK to determine the practicali-
ties, benefits and disadvantages of a full-scale
lung cancer spiral CT screening programme in
this country.

Figure 4 is reproduced by kind permission of Siemens
Medical Solutions.
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