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Abstract

The lethality of lung cancer is related to the advanced stage at diagnosis. Initial studies have demonstrated that
screening computed tomography (CT) is effective in diagnosing lung cancer at an earlier stage when compared with
current clinical practice, however the best clinical approach for screening detected nodules has to be defined. The
population to be identified as high risk should be over 50 years of age and should have smoked at least one pack/day
for 20 years. CT protocols should use multidetector CT, low dose and a 2.5 reconstruction interval. Diagnostic work-
up on detected nodules should be designed according to size and consider CT at 3 or 12 months to evaluate doubling
time, CT enhancement, PET/CT and/or FNAB or VATS. The prevalence of lung cancer in the screened population is
1.1%–2.7%, and the incidence is 0.2%–1.1%. Eighty-one percent of cancers are diagnosed in stage I. The percentage
of surgery performed for benign lesions ranges from 21% to 55%. In our series, the overall mortality rate was 3.2%
in 5 years. The results of randomized clinical studies, when available, will assess the real efficacy of CT in reducing
lung cancer related mortality.

Keywords: Radiography of lung neoplasms; epidemiology of lung neoplasms; X-ray computed tomography; mass screening
methods.

Introduction

Lung cancer is one of the absolute priorities in oncology
because of its mortality, incidence, social and economic
impact. Prevention strategies aimed at reducing cigarette
smoking had poor results [1]. The lack of clinical signs
at the early stages and therapeutic inefficiency for
advanced stages, lead to the evidence that early diagnosis
should reduce lung cancer related mortality, as in early
stages 70% of cases can be treated successfully with
surgery [2]. This justifies the need to study the impact
on survival of a lung cancer screening program with
stronger motivation than those used for assessing and
spreading the standard protocols for breast, prostate and
colonic cancer screening [3]. Opportunities for screening
for lung cancer have been debated for years, but several
studies have shown that conventional chest X-ray and
sputum examination did not satisfy the primary criteria of
a screening test [4,5], until the value of low-dose spiral CT

in detecting small parenchymal lesions was demonstrated
by some reports [6,7].

The diagnostic imaging technique to be applied was
stated in the first ELCAP report [6], which describes the
CT tumour detection rate as four times higher than chest
X-ray, and by studies demonstrating similar accuracy of
low-dose spiral CT and conventional CT in detecting
pulmonary nodules [8].

While awaiting the new promising techniques of
molecular biology, multidetector computed tomogra-
phy [9–11], with the use of low dose protocols, is nowadays
widely recognized as the best technique for lung tumour
screening.

The high accuracy, together with the low biological
and economical costs, justify the success of the protocols
for the early detection of lung cancer by low-dose spiral
CT. This is confirmed by the growing number of ongoing
studies all over the world.
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Figure 1 Protocol for the management of lung nodules.

Table 1 Prevalence, incidence and percentage of stage I tumours detected by low-dose CT in published lung
cancer survey studies

Prevalence Incidence

Subjects Tumours (%) Stage I (%) Subjects Tumours (%) Stage I (%)

ELCAP 1000 2.7 81 1184 0.59 85
Mayo Clinic 1520 1.4 59 1464 0.2 0
EIO 1000 1.1 54 996 1.1 100

Methods

Although the various screening campaigns sometimes
apply different inclusion criteria, the epidemiologic
data identify the high risk population in asymptomatic
subjects of both genders, over 50 years of age, smokers or
ex-smokers (within the previous 10–15 years) of at least
20 cigarettes a day for at least 20 years.

In order to reduce the cost/benefit ratio of the test,
lung cancer screening is based on the application of low-
dose protocols to avoid exposure to excessive amounts of
radiation. The low-dose technique ensures good spatial
resolution and high contrast resolution, and guarantees
high sensitivity for the detection of lung nodules up to
2 mm in diameter [12,13]. CT protocols differ according
to different scanners: we report an example applied to
LightSpeed CT 16-rows (General Electric, Milwaukee,
Wl, USA): thickness of acquisition 2.5 mm; standard
reconstruction filter; 40 mA; 140 kV; rotation time 0.8 s;
speed 35 mm/rotation; collimation 10 mm.

Results

The introduction of multidetector CT, with the use of
thin sections, resulted in an increase in the number of
lung nodules detected [10,11], thus making the definition of

diagnostic algorithms very relevant. The most important
parameter to define the diagnostic work-up is the nodule
diameter [14] and its changes over time [15]. Although
there is no clinical evidence, it is widely accepted that
lung nodules less than 5 mm in size can be safely
checked at 1 year intervals: this follow-up schedule
allows identification of early stage malignancies, while
avoiding unnecessary anxiety and useless radiation in the
majority of those being screened [14,16].

The evaluation of the nodule characteristics (solid,
partially solid, non-solid), depending on the ability to
obscure the lung parenchyma [17], and its morphologic
appearance [18–20] are important to determine the grade of
suspicion.

Apart from follow-up to evaluate volume doubling
time, diagnosis can be reached by PET or PET/CT [21],
CT enhancement with contrast media via i.v. injec-
tion [22,23], FNAB/FNAC [24] or surgical biopsy. Several
authors have suggested different protocols for the
management of lung nodules [25–27]: we suggest the
algorithm shown in Fig. 1. The preliminary results
of observational studies show high sensitivity of the
technique in detecting lung nodules.

In the ELCAP report, 23% of patients had one
or more non-calcified nodules; the European Institute
of Oncology study detected 284 nodules in 199/1035
subjects (19%). A large number of these nodules were
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benign and the prevalence of lung cancer was 2.7% and
1.1% in the two series.

At the second year CT, the incidence of lung cancer
was 0.59% and 1.1% [16,28,29] (Table 1).

The results from the observation of the stage at
diagnosis are encouraging: 81% of patients had a stage
I tumour [28], with a good prognosis (survival rate at 5
years of 63% for stage IA and 46% for stage IB) [30].
Epidemiologic data in the US show that the diagnosis at
stage I is made in only 20% of cases not resulting from
screening projects [31].

The percentage of invasive procedures performed for
benign lesions ranges from 21% to 55% [32].

Discussion

The high prevalence of benign nodules detected by CT
and reported as false positive results is the major criticism
against programs for early detection of lung cancer. The
use of a dimensional cut-off should reduce the number of
false positives and the recall rate [29] with no major impact
on the cancer detection rate.

Some authors state that the screening results are
affected by an overdiagnosis bias, as CT reveals a sig-
nificant percentage of non-aggressive tumours that would
never cause the death of the patient, because of slow
growth and other risk factors related to age and smoking
habits. This could explain the increase of survival in
cancer patients enrolled in screening campaigns, without
a corresponding reduction of mortality.

Early diagnosis does not necessarily result in a
reduction of mortality; there are no definitive data on the
outcome of the subjects enrolled in screening programs.

At the end of their screening project at the Mayo
Clinic, Swenson and colleagues [33] did not demonstrate
any significant difference in mortality when comparing
their results with those from a study performed in the
1970s by conventional chest X-ray.

Our data on 1035 volunteers, enrolled in a screening
project in 2000–2001, with only 30 subjects lost to
follow-up at 5 years, show 42 lung cancers detected,
9 deaths from lung cancer, 11 for other cancers, 7 for
cardiovascular diseases and 6 for other causes, resulting
in a mortality rate of 3.2% in 5 years.

The analysis of costs of a screening program is still an
open issue. The costs are extremely variable from one
study to another, and data reported range from 2500 to
2,300,000$ per year of saved life [34–36].

To assess the real efficacy of CT in reducing lung can-
cer related mortality and to introduce this test into clinical
practice, we are all waiting for the results of the random-
ized clinical studies recently started all over the world.

References

[1] Burns DM. Primary prevention, smoking, and smoking

cessation: implications for future trends in lung cancer
prevention. Cancer 2000; 89: 2506–9.

[2] Flehinger BJ, Kimmel M, Melamed MR. The effect of
surgical treatment on survival from early lung cancer.
Implications for screening. Chest 1992; 101: 1013–18.

[3] Jett JR, Midthun DE. Screening for lung cancer: current
status and future directions. Chest 2004; 125: 158S–62S.

[4] Fontana RS, Sanderson DR, Taylor WF et al. Early
lung cancer detection: results of the initial (prevalence)
radiologic and cytologic screening in the Mayo Clinic
Study. Am Rev Respir Dis 1984; 130: 561–5.

[5] Boucot KR, Weiss W. Is curable lung cancer detected by
semiannual screening? JAMA 1973; 224: 1361–5.

[6] Henschke CI, McCauley DI, Yankelevitz DF et al. Early
Lung Cancer Action Project: overall design and findings
from baseline screening. Lancet 1999; 354: 99–105.

[7] Sone S, Takashima S, Li F et al. Mass screening for lung
cancer with mobile spiral computed tomography scanner.
Lancet 1998; 351: 1242–5.

[8] Mayo JR, Hartmanj TE, Lee KS, Primack SL, Vedal S,
Muller NL. CT of the chest: minimal tube current required
for good image quality with the least radiation dose. Am
J Roentgenol 1995; 164: 603–7.

[9] Schoepf UJ, Becker CR, Obuchowski NA et al. Multi-
slice computed tomography as a screening tool for colon
cancer, lung cancer and coronary artery disease. Eur
Radiol 2001; 11: 1975–85.

[10] Fischbach F, Knollmann F, Griesshaber V, Freund T,
Akkol E, Felix R. Detection of pulmonary nodules by
multislice computed tomography: improved detection
rate with reduce slice thickness. Eur Radiol 2003; 13:
2378–83.

[11] Diederich S, Lentschig MG, Winter F, Roos N,
Bongartz G. Detection of pulmonary nodules with
overlapping vs non-overlapping image reconstruction at
spiral CT. Eur Radiol 1999; 9: 281–6.

[12] Gartenschlager M, Schweden F, Gast K et al. Pulmonary
nodules: detection with low-dose vs conventional-dose
spiral CT. Eur Radiol 1998; 8: 609–14.

[13] Rusinek H, Naidich DP, McGuinness G et al. Pulmonary
nodule detection: low-dose versus conventional CT.
Radiology 1998; 209: 243–9.

[14] Henschke CI, Yankelevitz DF, Naidich DP et al.
CT screening for lung cancer: suspiciousness of nod-
ule according to size on baseline scans. Radiology 2004;
231: 164–8.

[15] Yankelevitz DF, Reeves A, Kostis W, Zhao B, Hen-
schke CI. Determination of malignancy in small pul-
monary nodules based on volumetrically determined
growth rates: preliminary results. Radiology 2000; 217:
251–6.

[16] Henschke CI, Naidich DP, Yankelevitz DF et al. Early
Lung Cancer Action Project: initial findings on repeat
screenings. Cancer 2001; 92: 153–9.

[17] Henschke CI, Yankelevitz DF, Mirtcheva R, McGuin-
ness G, McCauley DI, Miettinen OS. CT screening for
lung cancer: frequency and significance of part-solid and
nonsolid nodules. AJR 2002; 178: 1053–7.

[18] Diederich S, Hansen J, Wormanns D. Resolving small
pulmonary nodules: CT features. Eur Radiol 2005; 15:
2046–9.

[19] Li F, Sone S, Abe H, Macmahon H, Doi K. Malignant



S12 Focus on: Screening

versus benign nodules at CT screening for lung cancer:
comparison of thin-section CT findings. Radiology 2004;
233: 793–8.

[20] Seemann MD, Seeman O, Luboldt W et al.
Differentiation of malignant from benign
solitary pulmonary lesions using chest radiography,
spiral CT and HRCT. Lung Cancer 2000; 29: 105–24.

[21] Gould MK, Maclean CC, Kuschner WG, Rydzak CE,
Owens DK. Accuracy of positron emission tomography
for diagnosis of pulmonary nodules and mass lesions: a
meta-analysis. JAMA 2001; 285: 914–24.

[22] Swensen SJ, Viggiano RW, Midthun DE et al. Lung
nodule enhancement at CT: multicentric study. Radiology
2000; 214: 73–80.

[23] Jeong YJ, Lee KS, Jeong SY et al. Solitary pulmonary
nodule: characterization with combined wash-in and
washout features at dynamic multi-detector row CT.
Radiology 2005; 237: 675–83.

[24] Wallace MJ, Krishnamurthy S, Broemeling LD et al.
CT-guided percutaneous fine-needle aspiration biopsy
of small (< or = 1-cm) pulmonary lesions. Radiology
2002; 225: 823–8.

[25] Libby DM, Smith JP, Altorki NK, Pasmantier MW,
Yankelevitz D, Henschke CI. Managing the small
pulmonary nodule discovered by CT. Chest 2004; 125:
1522–9.

[26] Winer-Muram HT. The solitary pulmonary nodule.
Radiology 2006; 239: 34–49.

[27] MacMahon H, Austin JH, Gamsu G et al. Fleischner
Society. Guidelines for management of small pulmonary

nodules detected on CT scans: a statement from
the Fleischner Society. Radiology 2005; 237: 395–400.

[28] Henschke CI. Early lung cancer action project: overall
design and findings from baseline screening. Cancer
2000; 89: 2474–82.

[29] Pastorino U, Bellomi M, Landoni C et al. Early lung-
cancer detection with spiral CT and positron emission
tomography in heavy smokers: 2-years results. Lancet
2003; 362: 593–7.

[30] Van Rens MT, de la Riviere AB, Elbers HR, van Den
Bosch JM. Prognostic assessment of 2,361 patients who
underwent pulmonary resection for non-small cell lung
cancer, stage I, II, and IIIA. Chest 2000; 117: 374–9.

[31] Feinstein MB, Bach PB. Epidemiology of lung cancer.
Chest Surg Clin N Am 2000; 10: 653–61.

[32] Diederich S, Wormanns D. Impact of low-dose CT on
lung cancer screening. Lung Cancer 2004; 45: S13–19.

[33] Swensen SJ, Jett JR, Hartman TE et al. CT screening for
lung cancer: five-year prospective experience. Radiology
2005; 235: 259–65.

[34] Wisnivesky JP, Mushlin AI, Sicherman N, Henschke CI.
The cost-effectiveness of low-dose CT screening for lung
cancer. Chest 2003; 124: 614–21.

[35] Marshall D, Simpson KN, Earle CC, Chu CW. Economic
decision analysis model of screening for lung cancer. Eur
J Cancer 2001; 37: 1759–67.

[36] Mahadevia PJ, Fleisher LA, Frick KD, Eng J, Good-
man SN, Powe NR. Lung cancer screening with
helical computed tomography in older adult smokers:
a decision and cost-effectiveness analysis. JAMA 2003;
289: 313–22.


