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 Summary
 Background: Despite the progress in contemporary medicine comprising diagnostic and therapeutic methods, 

lung cancer is still one of the biggest health concerns in many countries of the world. The main 
purpose of the study was to evaluate the detection rate of pulmonary nodules and lung cancer in 
the initial, helical low-dose CT of the chest as well as the analysis of the relationship between the 
size and the histopathological character of the detected nodules.

 Material/Methods: We retrospectively evaluated 1999 initial, consecutive results of the CT examinations performed 
within the framework of early lung cancer detection program initiated in Szczecin. The project 
enrolled persons of both sexes, aged 55–65 years, with at least 20 pack-years of cigarette smoking 
or current smokers. The analysis included assessment of the number of positive results and the 
evaluation of the detected nodules in relationship to their size. All of the nodules were classified 
into I of VI groups and subsequently compared with histopathological type of the neoplastic and 
nonneoplastic pulmonary lesions.

 Results: Pulmonary nodules were detected in 921 (46%) subjects. What is more, malignant lesions as well as 
lung cancer were significantly, more frequently discovered in the group of asymptomatic nodules of 
the largest dimension exceeding 15 mm.

 Conclusions: The initial, low-dose helical CT of the lungs performed in high risk individuals enables detection 
of appreciable number of indeterminate pulmonary nodules. In most of the asymptomatic patients 
with histopathologically proven pulmonary nodules greater than 15 mm, the mentioned lesions are 
malignant, what warrants further, intensified diagnostics.
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Background

Lung cancer is one of the major health problems in many 
countries. According to the National Cancer Registry, 
140,564 new cases of cancer were reported in Poland in 
2010. Lung cancer was the most common type of cancer 
in males (14,794 new cases) and the second most com-
mon type of cancer in females (6038 new cases). In the 
same year, 92,611 cancer-related deaths were recorded; of 

these, most deaths in both males and females were due to 
to lung cancer (16,187 and 6161 deaths, respectively) [1]. 
The overall survival of patients with lung cancer is related 
with the TNM staging of the disease and treatment applied 
[2–9]. In stage I cancer, 5-year survival is as high as 67% 
while dropping down to 1–3% for stage IV cancer [9–12]. 
The average 5-year survival rate in all patients is about 
13% [13,14]. The growing scale of the problem and, most 
of all, high mortality due to lung cancer led to attempts at 
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the development of an efficient lung cancer screening test. 
An attempt to use cytological examinations of sputum com-
bined with chest X-rays had failed. No positive correlation 
between the results of those examinations and the reduc-
tion in mortality rates were observed in the studies con-
ducted in the 1970s and 1980s in the US (Johns Hopkins 
Medical Institutions, Memorial Sloan-Kettering Cancer 
Center, Mayo Clinic) and Czechoslovakia. [15–23].

As part of the rapid advances in imaging diagnostic tech-
niques in the late 20th century, low-dose computed tomog-
raphy was developed as an alternative to classical radi-
ography in chest imaging. Published results of the stud-
ies conducted by the Japanese group from Nagano, the 
Japanese Anti-Lung Cancer Association Project and the 
New York’s Early Lung Cancer Action Project opened up 
opportunities for this diagnostic method to be successful-
ly used in lung cancer screening examinations [22,24–27]. 
Besides the United states, and Japan, attempts to intro-
duce low-dose CT screening examinations were also made 
in other countries, such as Belgium, Canada, Denmark, 
France, Germany, Italy or the Netherlands [22,28]. The 
first results of randomized trials are quite promising. In 
the study conducted by the National Cancer Institute in a 
group of 53,454 subjects, a 20.3% reduction in mortality 
rates was observed in the group of patients at higher risk of 
lung cancer subjected to low-dose CT examinations as com-
pared to the group subjected to chest X-ray examinations 
[29–31]. In Poland, similar projects were started in 2008; 
multi-directional analysis of results obtained at individual 
trial sites is ongoing [11].

Material and Methods

Retrospective analysis included the results of 1999 consec-
utive baseline low-dose CT chest scans performed in one 
of four diagnostic labs in Szczecin, Poland as part of the 
early lung cancer detection program. The project recruited 
individuals at higher risk of lung cancer, both males and 
females, aged 55 to 65, smoking or with the history of 
smoking of at least one pack per day for 20 years (pack-
years). Individuals who met those criteria received a letter 
from the Szczecin City Mayor stating the idea of the pro-
gram and the CT tests as well as providing explanations 
to potential subjects’ concerns. Qualification for the pro-
gram was made by family physicians who also reported 
the presence of alarming clinical symptoms, such as cough, 
shortness of breath, coughing up blood, subfebrile body 
temperatures, hoarse or dysphagia in a special referral 
form. Having obtained such referrals, subjects were obliged 
to report for a CT scan in one of four labs taking part in 
the program. All test results subject to the assessment 
were stored in the database of the Screening Test Program 
Coordination Center.

The analysis of the collected data involved determination 
of the number of positive results along with the assessment 
of detected nodular lesions depending on their size. All 
nodular lesions (including partially calcified lesions) were 
taken into account, regardless of the percentage content 
of the solid component and the ground glass component. 
Completely calcified nodules were treated as benign lesions 
and excluded from the analysis.

The lesions were classified into the following 6 groups: iso-
lated asymptomatic nodules sized <5 mm (P1), multiple 
asymptomatic nodules sized <5 mm (P2), isolated asympto-
matic nodules sized 5–15 mm (P3), multiple asymptomatic 
nodules sized 5–15 mm (P4), asymptomatic nodules sized 
>15 mm (P5), symptomatic nodules sized >15 mm (P6). 
When lesions of different sizes were detected in a single 
patient, the size of the largest nodule was decisive in clas-
sification. Multiple lesions were defined as the presence of 
two or more nodules. The analysis included the presence of 
enlarged mediastinal lymph nodes.

Patients in whom lesions detected in CT scans required fur-
ther diagnostic management according to the pre-defined 
algorithm were referred to pneumology centers or to the 
Clinical Department of Thoracic Surgery of the Pomeranian 
University of Medicine in Szczecin for more detailed diag-
nostics. This allowed to isolate the group of patients with 
confirmed cancer and non-cancer lesions in the lungs. 
Clinical data including the number and stage of individual 
cancers as well as the type of detected non-cancer lesions 
were compared to the analysis of tomographic scan results.

The algorithm used in the program was developed on 
the basis of the protocols of the International Early Lung 
Cancer Action Project (I-ELCAP) and the Nelson study and 
included the following guidelines:
1.  Asymptomatic nodules sized <5 mm – follow-up CT scan 

in 1 year as part of the program (pneumological consul-
tation for more detailed diagnostics in case of multiple 
nodules).

2.  Asymptomatic nodules sized 5–15 mm – attempt of 
14-day antibiotic therapy, follow-up CT scan (financed 
from the National Health Fund) after 3 months for size 
reassessment. Pneumological consultation in case of pro-
gression.. In case of stable or regressing lesions, CT fol-
low-up after 9–12 months as part of the program.

3.  Symptomatic or asymptomatic nodules sized 
>15 mm – pneumological consultation for more detailed 
diagnostics.

In the following years:
a.  Lesion of any size with a growing trend – pneumological 

consultation for more detailed diagnostics (further manage-
ment depending on tumor’s volume doubling time [VDT]).

b.  For lesions stable as compared to the previous scan, see 1 
and 2 (possible waiver of repeated antibiotic therapy).

Data subject to the assessment, collected from the diag-
nostic labs of Independent Public Clinical Hospital No. 1 
in Szczecin (HOSPITAL 1), Marie Curie Independent Public 
Provincial Polyclinical Hospital in Szczecin (HOSPITAL 2) 
and the Health Care Center of the Ministry of the Interior 
and Administration in Szczecin (HOSPITAL 3) were record-
ed between 01 January through 31 December 2010. In case 
of Prof. Alfred Sokolowski Specialist Hospital in Szczecin-
Zdunow (HOSPITAL 4), scans subjected to the analysis were 
recorded between 01 April through 31 December 2010.

All chest scans were performed without intravenous con-
trast administrations using two 64-slice Siemens Somatom 
Sensation Cardiac 64 scanners, one 16-slice Hitachi Eclos 16 
scanner and one 6-slice Siemens Somatom Emotion 6 scanner.
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The scanning parameters approved by the provincial con-
sultant in radiology and applied in two labs were as fol-
lows: slice thickness: 5 mm; voltage: 120 kV; current: 17 
mAs; CTDIvol: 1.31 mGy. In the remaining labs, acquisi-
tion parameters were as follows: slice thickness: 5 mm; 
voltage: 110 kV; current: 21 mAs; CTDIvol: 1,58 mGy and 
slice thickness: 5 mm; voltage: 120 kV; current: 40 mAs; 
CTDIvol: 3.2 mGy.

The statistical analysis of the collected data was conduct-
ed using STATISTICA 10™ software (StatSoft Inc.) and the 
following tests: Shapiro-Wilk’s W-test, Mann-Whitney’s 
U-test, Fisher’s test, Pearson’s chi-squared test, Pearson’s 
chi-squared test with Yates’ correction. In all tests, statis-
tical significance was defined as p<0.05 while the values 
between p=0.05 and p=0.1 were considered to be at the 
border of statistical significance.

Results

The group of subjects qualified to the program of early lung 
detection of lung cancer using low-dose computed tomog-
raphy consisted of 1100 females and 899 males (F/M=1.22). 

The study group consisted of subjects in the age range of 
55–65 years.

The mean age was 59.3±3.03 years (range 55–65). No statis-
tically significant differences were observed in terms of age 
(p=0.87) or gender (p=0.57) in respective groups. Nodular 
lesions were detected in 921 (46%) subjects. Negative results 
were obtained in 1078 (54%) cases. Enlarged lymph nodes 
were detected in 88 (4.4%) subjects (Figure 1).

The highest numbers of nodular lesions were detected 
in the categories of asymptomatic lesions sized <5 mm 
(n=428) (categories P1 and P2) and asymptomatic lesions 
sized 5–15 mm (n=421) (categories P3 and P4). In group 
P5 (asymptomatic lesions sized >15 mm) 65 lesions were 
detected while 7 cases were detected in category P6 (symp-
tomatic lesions sized >15 mm).

In the study group, asymptomatic multiple nodular lesions 
sized <5 mm were statistically significantly more common 
in women than in men. No statistically significant corre-
lations between the size of the lesions and the subjects’ 

Lymph nodes;
n=88; 4.4%

Nodular lesions;
n=921; 46%

P1 <5 mm, isolated asymptomatic; 26%

P2 <5 mm, multiple asymptomatic; 20.5%

P3 5−15 mm, isolated asymptomatic; 15.3%

P4 5−15 mm, multiple asymptomatic; 30.4%

P5 >15 mm, multiple asymptomatic; 7%
P6 >15 mm, symptomatic; 0.8%

Figure 1.  Percentage distribution of the detected 
lesions in the analyzed group combined 
with percentage distribution of the 
nodules with respect to the category they 
were selected from.

44.6%
n=891

53.9%
n=1078

Negative result
Positive result – not veri�ed
Positive result – veri�ed

1.5%
n=30

Figure 2.  Percentage distribution of the analyzed group with respect 
to the histopathological verification and examination result.

46.6%
n=14

16.7%
n=5

26.7%
n=8

P3 5−15 mm, isolated asymptomatic
P4 5−15 mm, multiple asymptomatic
P5 >15 mm, asymptomatic
P6 >15 mm, symptomatic

10%
n=3

Figure 3.  Percentage distribution of the histopathologically verified 
pulmonary nodules with respect to the category they were 
selected from.
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gender were detected in the remaining groups. Enlarged 
lymph nodes were statistically significantly more common 
in males.

Histopathological examination was performed in 30 nod-
ular lesions, accounting for 3% of patients with positive 
results and 1.5% of the entire study population. Figure 2 
presents the percentage distribution of the study popula-
tion depending on the scan result and histopathological 
verification, if performed.

Figure 3 illustrates the percentage distribution of histo-
pathologically verified lesions depending on the group of 
patients from whom the lesions were isolated.

Benign lesions were diagnosed in 43% of histopathologi-
cally verified cases (13 out of 30 lesions). Enlarged lymph 
nodes were detected in 1 case. Figure 4 presents the per-
centage distribution of benign lesions depending on the his-
topathological examination result.

In the group of nodular lesions subjected to histopathologi-
cal examination, 57% of lesions were assessed as malignant 
(17 out of 30 cases), including 14 cases lung cancer, 1 case 
of malignant mesothelioma, 1 kidney cancer metastasis 
and 1 sarcoma metastasis. Lung cancer was confirmed in 
82% of histopathologically confirmed cases of malignant 

lesions (14 out of 17 cases) and in 47% of all verified cases 
(14 out of 30 cases), accounting for 0.7% of the entire study 
population.

In the group of histopathologically verified cases, both 
overall malignant lesions and lung cancer cases were sig-
nificantly more common in cases of asymptomatic lesions 
sized >15 mm (p=0.008 and p=0.03, respectively). No sta-
tistically significant correlations between the size of the 
lesions and the nature of neoplastic growth were detected 
in the remaining groups.

In the group of histopathologically confirmed malignant 
lung cancers, non-small lung cell carcinoma accounted 
for 71% of diagnoses (10 out of 14 cases). In the remain-
ing 29% of verified cases (4 out of 14 cases), small lung cell 
carcinoma was detected. In the group of subjects with con-
firmed lung cancer, 6 cases (43%) were assessed as clinical 
stage I, 1 case each (7%) was assessed as clinical stage II 
and IV, and 6 cases (43%) were assessed as clinical stage III. 
Figure 5 presents the percentage distribution of diagnosed 
lung cancers depending on histological type.

In the group of subjects with CT-diagnosed nodular lesions 
subsequently verified by histopathological examination, 
inoperable lung cancer was significantly more common in 
males (p-0.043).

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

15.4%
N=2

15.4%
N=2

Hamartoma Abscess Lymph
node

Calci�cation In�ammatory
lesion

Ischemic
lesion

Tuberculoma Fibrosis

7.7%
N=1

7.7%
N=1

7.7%
N=1

30.7%
N=4

7.7%
N=1

7.7%
N=1

Figure 4.  Percentage distribution of the 
benign lesions with respect to the 
histopathological diagnosis.

Giant cell carcinoma; N=2; 20%

Planoepithelial carcinoma; N=2; 20%

Adenocarcinoma; N=6; 60%

Non-small cell
carcinoma;
N=10; 71%

Small cell carcinoma;
n=4; 29%

Figure 5.  Percentage distribution of the detected 
lung cancers with respect to their 
histopathological type.
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In the group of subjects with histopathologically verified 
lesions (n=30), enlarged lymph nodes were detected in 7 
individuals, including 1 case of enlarged lymph nodes 
accompanying a benign lesion and 6 cases of enlarged 
lymph nodes accompanying malignant lesions (Figures 6 
and 7).

Discussion

To date, no final conclusions were drawn as pertains the 
impact of screening tests on the reduced mortality rates 
in lung cancer; however, the preliminary results appear 
quite optimistic [29,32–36]. For sure, low-dose computed 
tomography increases the detection rate of early forms of 
lung cancer, as confirmed by authors of numerous publica-
tions [11,15,24,26,33,37,38]. Also promising are the results 
of the study conducted by the National Cancer Institute in 
a group of 53,454 subjects, showing a 20.3% reduction in 
mortality rates was observed in the group of patients at 
higher risk of lung cancer subjected to low-dose spiral CT 
examinations as compared to the group subjected to chest 
X-ray examinations [29–31,34]. Unfortunately, the prelimi-
nary results also suggest numerous problems that have to 
be addressed before this diagnostic technique is used at 
larger scale.

At our Szczecin site, 14 cases of lung cancer were detected 
on the basis of 1999 baseline screening chest scans (0.7%), 
including 6 cases (43%) diagnosed as clinical stage 1 can-
cer. The results were submitted to statistical analysis that 
revealed no significant differences in gender and age with 
relation to the diagnostic site.

Kaneko et al. published data obtained in the project con-
ducted under the auspices of Anti-Lung Cancer Association 
(ALCA), involving 3457 low-dose CT scans performed in 
1369 patients between September 1993 and April 1995. 
Fifteen (0.4%) cases of lung cancer were detected, including 
14 cases (93%) of stage I cancer; the average tumor den-
sity was 16 mm [26]. Sone et al. reported that a lung can-
cer screening program conducted in years 1996-1998 using 
low-dose computed tomography involved 13786 scans per-
formed in 5483 subjects. Sixty (0.4%) cases of lung cancer 
were detected, including 55 cases (92%) of stage I cancer; 
the average tumor density was 13.4 mm [26]. Henschke 

et al. published the preliminary results of the Early Lung 
Cancer Action Project (ELCAP), that included 1000 high risk 
subjects. A total of 27 (2.7%) cancer cases were diagnosed, 
including 23 (85%) at the earliest stage [20,24,26].

The morbidity rate in the project by Henschke et al. (2.7%) 
was higher than that observed by the Japanese researchers 
Kaneko et al. and Sone et al. (0,4%). This might be explained 
by the differences in the incidence of lung cancer in dif-
ferent countries. Lung cancer is nearly twice as common 
in the US compared to Japan [26]. However, discrepancies 
in the results of screening tests may not be always due to 
epidemiological factors. In a program of early low-dose CT 
detection of asymptomatic lung cancers conducted in 817 
asymptomatic German smokers by Diederich et al., lung 
cancer was diagnosed in 11 subjects, which correspond-
ed to the morbidity rate of 1.3% [39]. Using an algorithm 
similar to that proposed by Henschke et al., the authors 
observed a lower morbidity rate. This appears to be due 
not only to the age differences between the study groups, 
but also to the differences in acquisition parameters. Our 
study does not account for the results of follow-up scans, 
which makes it impossible to carry out a precise analysis of 
morbidity in comparison to the literature data.

When analyzing worldwide reports, one may be struck by 
the lack of unanimity in screening algorithms [24,26,39–42] 
which with no doubt has an effect on the obtained results. 
However, it should be kept in mind that examinations 
using low-dose CT are still in the exploratory phase.

In the results of the cited studies, the percentages of malig-
nant lung tumors detected at clinical stage I was high and 
ranged from 85% in the ELCAP project to about 90% in the 
projects conducted by the Japanese researchers [24,26]. At 
our Szczecin site, 43% of cancers were diagnosed as clinical 
stage I, and 43% of cancers were diagnosed as clinical stage 
III between 1 January and 31 December 2010. However, 
extensive research to identify an optimum screening test 
have been conducted in the US and Japan for about 40 
years [17,19,21,22,23]. In Poland, no large scale attempts to 
introduce alternative chest imaging forms have been made 
after cessation of the program of miniature mass X-rays in 
the 1980s. Therefore, most cases of lung cancers detected 
in our country are either symptomatic or detected acciden-
tally when performing other diagnostic examinations [11]. 

Figure 6.  Sarcoma metastasis. Nodule with spiculated margins in 2 
segment of the right lung. Category P4 lesion.

Figure 7.  Giant cell carcinoma located in the right upper lobe of the 
lung. Category P5 lesion.
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Compared to non-European researchers, Diederich et al. 
observed a decidedly lower percentage of clinical stage I 
tumors (58%) [39]. Considering the fact that the algorithm 
used by Diederich et al. was similar to that used in the 
ELCAP program and that the final report included also the 
follow-up examinations, this result was not significantly 
different from the results of our study, considering the fact 
that only baseline scans were included in our analysis.

In our study, the presence of nodular lesions was demon-
strated in 921 (46%) program subjects while also observing 
that multiple asymptomatic nodules smaller than 5 mm 
were significantly more common in women. No statistical 
differences were observed between the age of the subjects 
and the lesions detected in CT scans. Similar results were 
obtained by Diederich et al. who observed the presence of 
nodules in 50% of subjects with to statistically significant 
differences with regard to subjects’ gender and age [39]. The 
higher incidence of nodules smaller than 5 mm in female 
subjects might be due to the fact that a higher number of 
women was enrolled in the program in Szczecin within the 
period of interest as compared to the number of man (55% 
vs. 45%). The obtained result seems to be of no importance 
in the aspect of management algorithms being used as the 
probability of malignancy of nodules smaller than 5 mm is 
estimated by different authors at about 1% [43,44].

In the Szczecin program, multiple asymptomatic nodu-
lar lesions sized 5 to 15 mm were diagnosed in the larg-
est number of participants (n=280). The second most 
populated group (n=239) was the group of subjects with 
single asymptomatic nodular lesions not larger than 5 mm. 
Regardless of the program and percentage ratios, lesions 
with largest dimensions not exceeding 4 or 5 mm and nod-
ules within the next size category, usually not exceeding 
10 mm, constituted the largest groups of study subjects, 
which appears to be consistent with our observations 
while ignoring the methodological differences [24,39]. Of 
note is the fact that individual projects differed in nodule 
size threshold values [24,39,45]. This is important from 
the standpoint of the assumed guidelines as management 
regimens for individual groups of nodules differed largely 
depending on their size. Larger lesions require more aggres-
sive strategies associated with additional financial demand 
and increased risk of complications in patients undergoing 
invasive procedures [43,46]

Another important problem associated with lung cancer 
screening program guidelines is associated with the deter-
mination of the optimum level above which the risk of 
malignant lesions is significantly elevated. In our study, we 
observed that in the group subjected to histopathological 
verification both lung cancer and malignant lesions were 
statistically more common among asymptomatic nodules 
larger than 15 mm. It is impossible to overlook discrepan-
cies in data reported in worldwide literature on this sub-
ject [24,26,42]. It is however indisputable that the likeli-
hood of malignancy of nodular lesions is directly propor-
tional to their size [43]. Wahidi et al. estimated that the risk 
of malignancy is 0–1% for lesions sized <5 mm, 6–28% for 
lesions sized 5–10 mm, 41–64% for lesions sized 1–2 cm and 
67–82% for lesions sized 2–3 cm [47,48]. Therefore, in order 
to meet the primary condition of curing the cancer, i.e. to 

detect the tumor at the possibly earliest stage, it is legiti-
mate to search for lesions large enough to be resectable and 
small enough to avoid false positive results.

Unfortunately, due to the population being too small, it 
was impossible to conduct a reliable analysis of correla-
tions between the nature of lesions and their size in the 
group of symptomatic patients diagnosed with lesions sized 
>15 mm. Out of 6 subjects, only 3 could be definitely diag-
nosed. Other two subjects resigned of further diagnostic 
tests while one subject suffered severe cerebrocranial inju-
ry as a result of traffic accident.

Besides the assessment of size, evaluation of lesion mor-
phology is also important in radiological examina-
tions[44,49–53]. Initially, majority of algorithms used in 
screening for lung cancer was designed only on the basis 
of size parameters. Only few authors included structural 
criteria in their programs [41]. Data obtained in individual 
screening tests allowed to modify the management algo-
rithm proposed in 2005 by the Fleischner Society, as evi-
dence by guidelines published for example in the US, Japan 
and France and making diagnostic algorithms dependent on 
the morphology of lesions [28,54,55].

Introduction of spiral computed tomography led to an 
increase in the number of small nodular lesions detected 
in lungs [38,56,57]. Higher sensitivity of this method com-
pared to radiography was documented in numerous articles 
[2,12,18,21,43,58–60]. Unfortunately, a large part of lesions 
detected in the scans are of ambiguous clinical nature, and 
differentiation of benign and malignant lesions remains a 
challenge for radiologists [32,43,44,56,57,61–64]. In addi-
tion, computed tomography is most helpful in detecting 
peripheral parenchymal nodules, while its usefulness in 
case of lesions located in direct vicinity of pulmonary hila 
or within the bronchopulmonary tree is lower and can-
not be compared to such diagnostic methods as cytological 
examination of sputum combined with autofluorescence 
bronchoscopy [13,31,41]. According to literature data, non-
calcified nodules in pulmonary parenchyma are detected in 
9-66% of patients, with as much as 88-99% of these lesions 
being of benign character [65]. Other imaging techniques, 
such as contrast-enhanced computed tomography, dynamic 
magnetic resonance imaging and FDG PET proved helpful 
in differentiating unspecified lung nodules [52,61,63,64,66–
69]. However, also these methods are of limited use in eval-
uating lesions not larger than 10 mm, associated with the 
largest number of controversies as regards the management 
algorithms [44,56,57,61–63]. In addition, the value of FDG 
PET in differentiating ground glass lesions and mixed type 
lesions is lower than that of solid lesions, and false positive 
results may be observed in patients with active tuberculo-
sis, histoplasmosis or rheumatic diseases [61].

The lesion volume doubling time is another factor helpful 
in differentiating benign and malignant nodular lesions 
[11,49,61,64,65,70]. Benign lesions grow rapidly or very 
slowly, in contrast to malignant lesions which present an 
intermediate rate of growth, depending on their histo-
logical type [61,64,65,70]. Some authors assume that sta-
bility of lesion image over a period of two years suggests 
its benign character [64,69–71]. However, there are also 
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supporters of a theory suggesting the need for further 
follow up of lesions, particularly small nodules of slow 
growth rate [50,52,56,61,64]. Currently it is assumed that 
most malignant pulmonary lesions doubles their volume 
in periods of 20 to 400 days [64]. However, the param-
eter may have different value depending on the morphol-
ogy of lesions. Hasegawa et al. observed that the average 
volume doubling time in case of ground glass, partially 
solid (mixed) and solid lesions was 813, 457 and 149 days, 
respectively [43,59,72]. Our study does not account for the 
results of follow-up examinations, thus making it impossi-
ble to assess the rate of lesion growth. However, the prima-
ry objective of our analysis was related to the overall data 
provided by the baseline low-dose chest CT scan.

In screening examinations, assessment of lymph nodes 
is difficult due to the contrast agent not being adminis-
tered. With thus-designed protocols, radiologists must 
keep in minds the anatomical variants that might resem-
ble lymphadenopathy [73]. In our study, enlarged medias-
tinal lymph nodes were diagnosed in 88 subjects, with the 
incidence being significantly higher in males. This might 
be associated with our other observation that inoperable, 
more advanced stages of cancer were also diagnosed more 
frequently in males. In addition, on the basis of data ana-
lyzed in our study, enlarged lymph nodes were observed 
in 5 out of 14 subjects with histopathologically confirmed 
lung cancer. In these 5 patients, only 1 had the tumor at 
the earliest stage of development. The remaining 4 program 
participants were diagnosed with lung cancer at clinical 
stages III and IV. It should be kept in mind that CT scans 
became the best measure of lymph node volume with sig-
nificant limitations regarding the analysis of node condi-
tions. The relatively low sensitivity (41–67%) and low spec-
ificity (79–86%) of this technique are due to the fact that 
lymph nodes may be in inflammatory condition, particu-
larly in patients with secondary pneumonia, while lymph 
nodes of normal size may contain cancer cells [70,71]. 
Microscopic cancer involvement of normal-size lymph 
nodes was observed in 5–64% of cases while 15–30% of 
enlarged lymph nodes were free of cancer cells [70].

When analyzing our program results it should be assumed 
that following the examination performed as part of the 
early lung cancer detection program some patients resigned 
of further diagnostics aimed at elucidation of the nature 
of their lesions or presented for attempted treatment at 
another site in Poland. However, considering that the 
Clinical Department of Thoracic Surgery of the Pomeranian 
University of Medicine in Szczecin is the only regional 
center performing lung cancer surgeries and offering its 
services also to the residents of Lubuskie Province, such 
likelihood appears to be very low [11].

All examinations, results of which have been present-
ed in this study were carried out in 4 diagnostic labs in 
Szczecin and subsequently analyzed by different radiolo-
gists. Therefore, there is a possibility of discrepancies in 
the assessments of CT scans provided by different physi-
cians. Leader et al. conducted a study to assess the con-
sistency in the detection of nodular lesions between radi-
ologists analyzing low-dose CT scans [74]. The presented 

results demonstrated low degree of consensus between the 
assessing physicians which, according to the authors, could 
be corrected by using computer-assisted assessment of CT 
scans [74,75]. With no doubt, results of the increasing num-
ber of papers on Computer Aided Diagnosis (CAD) of nodu-
lar lesions require that their widespread use should be con-
sidered [31,32,37,43,74–76]. According to some researchers, 
due to the fact that the assessment of screening tests is 
much work-consuming, the algorithm should be used as the 
second, independent assessing entity along with the radi-
ologist [31,75]. This would allow to reduce the number of 
false negative results [75].

Not all diagnostic labs used identical acquisition parame-
ters. Slight differences were observed mainly in currents, 
and thus in the volumetric dose index CTDIvol. To date, no 
consensus has been achieved in relation to minimum clini-
cally acceptable scanning parameters [77], Studies assess-
ing the capabilities of low-dose computed tomography in 
detection of lung nodules demonstrated that currents in the 
range of 20–50 mAs were sufficient for the analysis of this 
type of lesions [77]. This fact was made use of when design-
ing long cancer screening tests; it should be mentioned that 
the acquisition parameters differed slightly in individual 
programs [24,39]. Based on the above criteria, it appears 
that the differences in these parameters should not have a 
significant impact on the final results of the examinations 
included in the analysis.

Spiral computed tomography is more sensitive than con-
ventional radiography, and the possibility to use lower 
exposure doses makes it acceptable from the standpoint 
of radiological protection in screening tests [21,37,59]. 
However, only the results of trials assessing the primary 
endpoint, i.e. the mortality rate shall determine wheth-
er the method should be considered most efficient in the 
early diagnostics of lung cancer [2]. Numerous trials con-
ducted to date revealed a large number of problems that 
have to be addressed before final decisions can be made 
[10,32,35,43,52,78,79]. Most controversies are related to 
the high rate of false positive results, particularly in cases 
of tiny nodular lesions, leading to unnecessary invasive 
interventions, excess burden to health care systems and 
excess costs [32,43,78]. In addition, standardization of diag-
nostic management algorithms that take into account e.g. 
financial capabilities of health care systems in individual 
states, is required [27]. However, one may expect that such 
a large study group combined with the large amount of 
data already collected will in near future allow to precisely 
determine the positive impact of low-dose spiral CT tests 
on long-term survival.

Conclusions

1.  Screening low-dose spiral CT chest scans in patients at 
high risk of lung cancer allows to detect a significant 
number of nodular lesion of ambiguous clinical nature.

2.  In most asymptomatic patients with lung nodules with 
diameters larger than 15 mm as revealed in this study 
and subsequently verified by histopathological examina-
tion, the lesions were of malignant character requiring 
more detailed diagnostic examinations.
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