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Introduction

By the end of the 20th century lung cancer had
become one of the leading causes of preventable
death globally [1]. Its prevalence had increased ap-
proximately 10-fold compared to the previous cen-
tury, and it continues to be the second most com-
mon type of cancer and the leading cause of can-
cer death in the United States [2]. Its incidence and
mortality has also dramatically increased in most
European countries, so it is considered as one of
the major epidemics of the current century [3, 4].
Some population based studies show that this epi-
demic which peaked in the early 1980s began to

decline by the end of the century [5], particularly
for squamous cell carcinoma (SqCLC) in males 
[6, 7]; however, incidence rates for other types
such as adenocarcinoma (ADLC) in males [7, 8]
and all types of lung cancer in females continue to
rise [6-8]. Evaluation of recent patterns of smoking
prevalence in the United States of America indi-
cates that for the next 10 to 15 years lung cancer
rates will decrease, but will then level off starting
approximately in 2030 [4].

Central airways carcinoma can easily be locat-
ed and diagnosed after a single inspection with the
fiberoptic bronchoscope. It has been reported that
forceps biopsy during bronchoscopy provides a
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ABSTRACT: Epidemiologic trends in lung cancer over two
decades in Northern Greece: an analysis of bronchoscopic
data. T. Kontakiotis, N. Manolakoglou, F. Zoglopitis, 
D. Iakovidis, L. Sacas, A. Papagiannis, A. Mandrali, 
D. Papakosta, P. Argyropoulou, D. Bouros.

Background and Aim. The relative frequency of histo-
logical subtypes of lung cancer in Europe has changed
dramatically during the 20th century. The aim of this
study was to explore the changing epidemiology of lung
cancer in Northern Greece over the last two decades.

Methods. From the extensive database of the Bron-
choscopy Unit of the G. Papanicolaou General Hospital,
Thessaloniki, Greece, we identified all patients with a his-
tologic and/or cytologic report positive for lung cancer
over two consecutive decades.

Results. Between 1/1/1986 and 31/12/2005 we identi-
fied 9981 patients with specimens positive for lung can-
cer. A significant increase in mean patient age was ob-
served during the second decade (64.8±9.4 vs. 62.1±8.9,
p=0.001). Men developed lung cancer ten times more of-
ten than women. The predominant histological type was
squamous cell cancer in males (4203 cases, 45.7%) and

adenocarcinoma (418 cases, 52.6%) in females. The num-
ber of lung cancer cases was significantly higher during
the second decade compared to the first decade (5766 cas-
es [57.8%] vs. 4215 cases [42.2%], respectively, p<0.001).
There was a significant decrease in the percentage of
squamous cell carcinoma in males in the second decade
(2317 cases [44.1%] vs. 1886 cases [48.0%], p<0.001), and
an increase in adenocarcinoma (1021 cases [19.4%] vs.
609 [11.6%], p<0.001). In females, the relative incidence
of adenocarcinoma was decreased and that of squamous
cell carcinoma was increased, but not significantly. There
was no obvious change in the incidence of small cell lung
cancer. Neoplastic lesions were most often located in the
upper lobes.

Conclusion. The number of lung cancer cases has in-
creased in the last decade. Squamous lung cancer appears
to be decreasing in men and increasing in women. Adeno-
carcinoma appears to be increasing in men and decreasing
in women. There appears to be no change in small cell
lung cancer. During the second decade there has been a
significant decrease in the male: female ratio.
Monaldi Arch Chest Dis 2009; 71: 4, 147-152.
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definite diagnosis in 71 to 93 per cent of cases 
[9, 10] without any serious complication. Unfortu-
nately only a small part of the lungs can be in-
spected by FOB, and the diagnostic yield of bron-
choscopy for peripheral lung tumours ranges be-
tween 36 and 52 per cent. Recent data from bron-
choscopic examination for peripheral lesions un-
der simultaneous fluoroscopic guidance for cyto-
logical or histological sampling, revealed an over-
all diagnostic yield of 93.4% [11]. Most of the lung
tumours referred for surgical resection or other
therapy have bronchoscopic evidence of malignan-
cy, and so this procedure is believed to be the most
successful method in the diagnosis of lung cancer
[9, 10].

To our knowledge there has been no epidemi-
ological study of lung cancer incidence, histology
and time trends in Greece. In the present study we
present some epidemiological trends of lung can-
cer in Northern Greece comparing two consecutive
decades (1986-1995 vs. 1996-2005) on the basis of
bronchoscopic findings with regard to pathology,
age and sex distribution, and tumour location.

Patients and methods

Northern Greece (comprising the regions of
Macedonia and Thrace) is a geographical area in-
habited by an almost uniform population of about
2.5 million (National Statistical Service of Greece,
2001 population census). Most fiberoptic broncho-
scopies (FOB) (90%) in this area are performed in
a dedicated Bronchoscopy Unit in the George Pa-
panicolaou General Hospital, Thessaloniki, which
is the main tertiary referral centre for pulmonary
diseases. The Unit has a custom made computer
database (based on the FileMaker Pro 7.0 software
package [FileMaker, Inc., 2003) of all examina-
tions performed since 1985.

Between 1/1/1986 and 12/31/2005 a total of
32,059 FOBs were performed in the Unit (26,704
83.3% in males). From the database we identified
all the cases with evidence of malignancy on his-
tology and/or cytology. For these patients we ex-
tracted data on demographics, tumour location,
and pathology. The study had the approval of hos-
pital ethical committee. The results were stratified
according to age, tumour location and histology.
For analysis purposes we divided the patients into
six age groups (AG): AG-I included patients <39
years old, AG-II 40 to 49, AG-III 50 to 59, AG-IV
60 to 69, AG-V 70 to 79 years and AG-VI ≥80
years old. On the basis of tumour location (accord-
ing to endoscopic and x-rays findings) and/or site
of specimen collection we classified the patients
into 10 groups:, 1. Trachea (TR), 2. Right Main
Bronchus (RMB), 3. Right Upper Lobe (RUL), 4.
Bronchus Intermedius (INT), 5. Right Middle
Lobe (RML), 6. Right Lower Lobe (RLL), 7. Left
Main Bronchus (LMB), 8. Left Upper Lobe (supe-
rior division) (LUL), 9. Lingula (inferior division)
(LING) and 10. Left Lower Lobe (LLL).

On the basis of histology the patients were clas-
sified according to the 1982 WHO histological clas-
sification for lung cancer [12]: 1. Squamous Cell

Cancer (SqCLC), 2. Adenocarcinoma (ADLC), 3.
Small Cell Lung Cancer (SCLC), and 4. Other
pathology (OTHER). Under ‘OTHER’ we included
cases with large cell carcinoma, mixed-type lung
cancer, cases with necrotic malignant tissue and cas-
es without clearly defined histology. Some rare
types of malignant, mixed or metastatic tumours
were included in the OTHER subgroup but benign
tumours were excluded from analysis.

Cases with cancers metastatic to the lungs and
those with Papanicolaou Class III cytology were
not included in the analysis. In patients with PAP
III cytology results the bronchoscopy was repeat-
ed. If clinical and bronchoscopic data were nega-
tive, they were followed for up to two years. Oth-
erwise they were referred to the thoracic surgery
department for thoracoscopy or open lung biopsy.
Whenever a discordance was detected between
histological and cytological typing (14 out of 9981
cases), the histological result was accepted.

Statistical analysis

All results were expressed as mean ± standard
deviation (SD). Statistical analyses were per-
formed using the Statistical Program for Social
Sciences (SPSS 15.0, SPSS, Inc., Chicago, Illi-
nois, 2006). Group differences were tested for sig-
nificance using the chi-square test. A p value of
<0.05 was considered statistically significant. The
unpaired t-test was used for parametric data, with
the Bonferroni adjustment for an alpha level of
0.05 for multiple tests.

Results

Among a total of 32,059 bronchoscopies, 9981
(31.1%) were positive for lung cancer and were in-
cluded in our analysis. The mean age of all patients
was 63.6±9.3 years. There were 9187 males
(92.0%, mean age 63.8±9.1 years) and 794 fe-
males (8.0%, mean age, 61.5±10.8 years). The
male to female ratio was 11.6:1 (p<0.0011). In the
first decade there were 3928 males (93.2%) and
287 females (6.8%) (male: female ratio = 13.7/1),
and in the second decade 5259 males (91.2%) and
507 females (8.8%) (male: female ratio = 10.4).
The decrease in the male-to-female ratio observed
during the second decade was statistically signifi-
cant (p<0.001) (table 1).

Age trend analysis

The age of lung cancer patients ranged from 23
to 96 years. A significant increase in mean age was
observed for both sexes in the second decade
(65.05±9.2 vs.62.35±8.8, p<0.001 in males and
62.5±11.4 vs.59.6±9, p<0.001 in females), and this
concerned all histological subtypes (table 2). In the
first decade we observed a progressive rise in rel-
ative lung cancer frequency with advancing age
[from 1.6% of the cases in AG-I (<39 years old) to
47.0% in AG-IV (60-69 years old) in male as well
as in female patients [from 2.4% in AG-I to 39.0%
in AG-IV (p<0.001), and a decreased frequency
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for both sexes in Age Groups V and VI (figure 1).
In the second decade the relative frequency of lung
cancer in males increased from 0.7% in AG-I to
39.4% in AG-IV and in females from 4.3% in AG-
I to 35.7% in AG-IV. Comparing the two decades
we found a significant decrease in lung cancer in-
cidence in the second decade in males compared to
the first decade from 1.6% to 0.7% (p<0.001) in
AG-I, from 24.7% to 18.4% (p<0.001) in AG-III,
and from 47.0% to 39.4% in AG-IV. On the other
hand, a significant increase was observed in AG-V
and AG-VI (from 19.1% to 32.8% and from 1.3%
to 2.7% (p<0.001, in both instances). In females a
decrease was observed during the second decade
in AG-III (from 30.7% to 20.3%, p=0.001) and an
increase in AG-V from 15.0% to 28.2% (p<0.001
(figure 1).

Trends in histology

SqCLC was the dominant histological type in
males (45.7% of all patients, p<0.001), whereas
ADLC was the leading type in females (52.6%,
p<0.001). A significant decrease was observed in
SqCLC (from 48.0% to 44.1%, p<0.001) with a
concurrent increase of ADLC during the second
decade in males (from 15.5% to 19.4%, p<0.001).
The differences observed in females were not sig-
nificant, even though there was an increasing trend
in SqCLC (from 11.6% to 18.7%) and a decreasing
trend in ADLC (from 56.1% to 50.7%). The inci-

dence of SCLC and other lung cancer types re-
mained unchanged (table 2). A detailed distribu-
tion of histological types according to patient age
and sex is shown in table 3.

Trends in tumour location

The right upper lobe (RUL) was the most com-
mon site of lung cancer in both sexes, and in both
decades. The only significant changes between the
decades a decrease in lung cancer in males in the
RMB (from 5.0% to 3.4% p<0.01) and in the LMB
(from 6.2% to 4.8%, p=0.003).

Discussion

Most FOBs in Northern Greece (>90%) are
performed in a dedicated Bronchoscopy Unit in
the George Papanicolaou General Hospital, Thes-
saloniki, which is the main tertiary referral centre
for pulmonary diseases. During the second decade
bronchoscopy units were developed in some pri-
vate hospitals, and these accounted for up to 10%
of the cases. As we had no access to their results,
we excluded them from our analysis.

In the present epidemiological study compar-
ing two consecutive decades (1986-1995 vs. 1996-
2005), we found that over the last decade the inci-
dence of lung cancer in Northern Greece has bron-
choscopically increased in both genders. In terms
of histology, squamous cell lung cancer was the

Table 2. - Distribution of histological types of lung cancer by gender in the two decades

� � � � � � � �
SqCLC SqCLC ADLC ADLC SCLC SCLC OTHER OTHER

1st decade n = 1886 43 609 161 904 35 529 48

% 48,0% 15,0% 15,5% 56,1% 23,0% 12,2% 13,5% 16,7%

2nd decade n = 2317 95 1021 257 1168 65 753 90

% 44,1% 18,7% 19,4% 50,7% 22,2% 12,8% 14,3% 17,8%

x2 = 14.023 1.548 23.29 1.938 0.788 0.021 1.286 0.073

p = <0.001 0.213 <0.001 0.164 0.375 0.886 0.257 0.788

SqCLC = squamous cell lung cancer, ADLC = adenocarcinoma, SCLC = small cell lung cancer.

Table 1. - Distribution of fiberoptic bronchoscopies and lung cancer cases by gender in the two decades

N of FOBs Male (%) Female (%) p

1st decade 12,588 (85.5) 2,138 (14.5) 0.001

2nd decade 14,116 (81.4) 3,217 (18.6)

Total 26,704 (83.3) 5,355 (16.7)

N of Cancers (% of FOBS) (% of FOBS)

1st decade 3,928 (31.2) 287 (13.4%) 0.001

2nd decade 5,259 (37.3) 507 (15.8)

Total 9,187 (34.4) 794 (14.8)

FOBs = Fiberoptic bronchoscopies.
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predominant cell type in males and adenocarcino-
ma in females. During the study period, males de-
veloped lung tumours ten times more often than
females. However, the male to female ratio de-
creased in the second decade. In terms of tumour
location the upper lobes were more frequently in-
volved. The mean age at patient presentation was
higher in the second decade.

This was a retrospective epidemiological study
of lung cancer in an almost uniform population of
approximately 2.5 million, which included 9,981
cancer cases [9,187 male and 794 female] over a
20-year period, representing approximately 90%
of all lung cancer cases in Northern Greece. We
speculate that a 10% of lung cancers are diagnosed
elsewhere mainly in other small bronchoscopy
centres in the private medicine. We estimated the
average annual incidence of lung cancer diagnosed
bronchoscopically in this area to be about 0.02%.
The male: female ratio was 11.6 (13.6 in the first
decade and 10.4 in the second decade). Lung can-
cer incidence in other countries ranges between
0.012% (India) and 0.08% (the Czech Republic [3]
for men and between 0.004% (India) and 0.04%
(Canada and the USA) for women. According to
our data lung cancer incidence was about 0.0045%
in females during the first decade and 0.022% dur-
ing the second decade. Even though the number of
lung cancer cases was doubled in females during
the second decade (from 287 to 507 cases), the in-
cidence of lung cancer in women in Northern
Greece is still very low. Recent data shows a sim-
ilarly large preponderance of males in countries
neighbouring with Northern Greece such as 
Macedonia (male: female ratio = 7:1) [13] and
Turkey (M: F = 9.4:1) [14]. We can only speculate
as to whether these similarities are due to analo-
gous smoking habits in the two genders or are re-
lated to other factors. In unpublished data from our
bronchoscopic department 68% of the males bron-
choscoped were smokers (20-60 pack-years) with
a stabilized time trend, whereas only 10% of fe-
males are smokers (10-30 pack-years) with an in-
creasing trend especially in younger subjects.

Our study shows that over the last decade there
has been a significant increase in lung cancer inci-
dence both in males and in females compared to
the previous decade. Recently, lung cancer inci-
dence in males was found to have decreased since
the 1980s in northern European countries, al-
though in other European countries it had been in-
creasing until the 1990s [3]. Among females the
incidence of lung cancer had not peaked in the
1990s either in Europe or in the USA [2]. In con-
trast, a decline in lung cancer incidence in males
has been observed in the USA since the 1990s [7].

Our study was conducted in Northern Greece,
where environmental factors have not changed
over the years and no exposure to radon or urani-
um has been detected (there are no nuclear facili-
ties in Northern Greece, and practically all build-
ings are well aerated). The predominant histologi-
cal types were SqCLC in males (45.7%) and
ADLC in females (52.6%). In male patients, the
proportion of ADLC increased and that of SqCLC
decreased in the second decade. SqCLC has re-
mained constant in males in the USA over the pre-
vious decades while the incidence of ADLC has
increased. In female patients the rate of ADLC
showed minimal decrease during the second
decade, whereas that of SqCLC increased, though
not significantly. This decrease of % adenocarci-
noma in our study is obviously because of the %
increase of squamous cell carcinoma, because of
the changes in female smoking habits. In females
in the USA, ADLC has shown minimal increase,
but the incidence of SqCLC, and especially of
SCLC, has increased significantly [7].

Ikeda et al, in a review of 1151 cases from a
University hospital between 1970 and 1989 [15]
reported that the proportion of ADLC increased
from 26 to 45% in males and from 45 to 69% in fe-
males. However, some surveys have failed to show
this change: a study from the Tumour Registry of
New Mexico, USA, showed an increasing propor-
tion of SCLC rather than ADLC among the female
population, but a histological diagnosis was only
available in half of the cases. A study from Min-

Fig. 1. - Age group analysis of lung cancer patients of both sexes during first and second decade.
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nesota, USA, showed an equal increase in all his-
tological cell types of bronchogenic carcinoma
[17].

It is of interest that the relative frequency of
SqCLC continued to increase steadily in males
with increasing age, from 28% in patients <39
years to 53% in patients >80 years old. In females,
the relative frequency of ADLC was about 50% in
the 40-50 AG and remained constant up to the >80
AG. Age analysis of lung cancer histological sub-
types revealed that patients with ADLC were
younger than those with SqCLC in both genders.
Similar results have been reported by Choi et al
[18] who showed, in their study of 2,229 patients,
a predominance of ADLC in the young AG (<39
years old).

The mean age of our male patients was higher
than that of female patients (64.7 vs 62.4 yrs). This
is different from other studies [13,14,16] which
found that the mean age of women at the time of
tumour diagnosis is higher than that of men.

Finally, in this study we recorded the location
of the malignancy. The right upper lobe was the
most common tumour site, followed by the left up-
per lobe. These findings are in keeping with the lit-
erature [13, 19, 20], and the only plausible expla-
nation for this predilection is that the upper lobes
have been shown to be more affected by tobacco
smoke [21].

The higher incidence of lung cancer in patients
with connective tissue diseases and the changes in
smoking habits should be recognised [22, 23]. We
were unable to collect smoking habits data for 20
years period.

The main limitation of our study was that it on-
ly included the bronchoscopic proved lung cancer.
The diagnosis of cancer has changed the last
decade due to the increased usage of other diag-
nostic procedures (mediastinoscopy, fine needle
aspiration, VATS (video assisted thoracoscopy etc)
as well as new methods such as new cancer index-
es, PET scan etc). It has therefore been difficult to

Table 3. - Distribution of histological types of lung cancer by gender and patient age in the two decades

Distribution of histological types of lung cancer in both sexes according to patient age; comparison of two decades

Age (AG)1 � � � � � � � �
LCS2 SqCLC SqCLC ADLC ADLC SCLC SCLC OTHER OTHER

≤39 (I) 1st 1.1% 0.0% 2.0% 2.5% 1.9% 0.0% 2.5% 6.3%

≤39 (I) 2nd 0.4% 3.2% 0.9% 2.7% 1.1% 0.0% 0.9% 13.3%

p = 0.015 0.584 0.097 0.869 0.206 N/A 0.052 0.324

40-49 (II) 1st 5.1% 16.3% 6.9% 9.3% 7.5% 25.7% 7.2% 8.3%

40-49 (II) 2nd 4.3% 9.5% 7.5% 9.3% 6.6% 6.2% 7.4% 7.8%

p = 0.209 0.385 0.7 0.869 0.462 0.014 0.95 0.83

50-59 (III) 1st 22.8% 27.9% 25.0% 31.1% 28.9% 28.6% 24.4% 33.3%

50-59 (III) 2nd 16.4% 18.9% 20.6% 19.5% 21.1% 30.8% 17.7% 16.7%

p = 0.001 0.338 0.045 0.01 0.001 1 0.004 0.043

60-69 (IV) 1st 48.7% 34.9% 45.5% 44.1% 44.0% 28.6% 47.4% 33.3%

60-69 (IV) 2nd 39.5% 32.6% 36.4% 35.8% 41.5% 40.0% 39.8% 35.6%

p = 0.001 0.948 0.001 0.112 0.272 0.359 0.008 0.941

70-79 (V) 1st 20.5% 20.9% 18.9% 11.8% 17.0% 17.1% 18.1% 18.8%

70-79 (V) 2nd 36.2% 30.5% 32.1% 29.6% 27.3% 23.1% 31.7% 25.6%

p = 0.001 0.336 0.001 0.001 0.001 0.662 0.001 0.49

≥80 (VI) 1st 1.7% 0.0% 1.8% 1.2% 0.7% 0.0% 0.4% 0.0%

≥80 (VI) 2nd 3.2% 5.3% 2.4% 3.1% 2.3% 0.0% 2.4% 1.1%

p = 0.004 0.298 0.497 0.394 0.005 N/A 0.008 0.748

SqCLC = squamous cell lung cancer, ADLC = adenocarcinoma, SCLC = small cell lung cancer. 1 = Age Group, 2 = Lung Cancer
Subtypes, 1st = 1st decade (1986-1995), 2nd = 2nd decade (1996-2005) in males or females in each decade. N/A = not applicable.
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compare these two decades. Conversely every ef-
fort has been made from the investigation team to
follow up these patients for more than two years
and explain the causes of death in most of the in-
vestigated patients. According to a recent study of
our department [24], over a 30-month period 113
patients with SPN were examined in our depart-
ment and 11% of them had positive cytologic
and/or pathologic findings of malignancy. We in-
cluded these patients in our statistics but we ex-
cluded patients diagnosed with other methods such
as fine needle aspiration or thoracoscopy because
we had no data especially for the first decade ex-
amined. A statistically significant increase in diag-
nostic yield was observed when bronchoscopy was
performed under fluoroscopy guidance (from
11.5% in initial bronchoscopy to 62.5%, x2 = 19.65,
p=0.0001) [23]. Bronchoscopy under fluoroscopy
guidance was mainly performed in our department
in the second decade, so for statistical purposes da-
ta obtained by this method was not included in our
analysis.

Our data accords with Reichenberger et al
[25]. In this series only 5% of all bronchoscopies
were performed for SPN. The use of TBNA under
fluoroscopy guidance increased the diagnostic
yield of bronchoscopy from 35 to 51%.

In conclusion, we observed that over the past
decade the incidence of bronchoscopically diag-
nosed lung cancer in Northern Greece has in-
creased in both genders. During the study period,
males developed lung tumours ten times more of-
ten than females. The neoplastic lesions were most
commonly located in the upper lobes. The most
frequent cell type was squamous carcinoma in
males and adenocarcinoma in females.
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