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ABSTRACT
Background: Recent temporal trends in histology and
stage of pulmonary tumours in the Netherlands were
studied. The incidence of rare pulmonary tumours was
determined.
Methods: All tumours originating from the trachea,
bronchus and lung recorded in the Netherlands Cancer
Registry were included. Based on ICD-O morphology
codes, five major subgroups were constructed: squamous
carcinoma (SC), adenocarcinoma (AC), large cell (undifferentiated) carcinoma (LC), small cell lung cancer (SCLC)
and other (including uncommon tumours).
Results: Between 1989 and 2003, 134 894 tumours
were diagnosed. In men the age-adjusted incidence of SC
and SCLC decreased, AC remained stable and LC
increased. In women the incidence of all subgroups
increased. Since 1996, a stage shift was observed with
fewer patients in stage I and more patients in stage IV at
diagnosis. This stage shift occurred equally in SC, AC and
LC. In SC, fewer patients presented with stage IV disease
than in AC and LC (25% vs 44% and 49% in 2003,
respectively). The incidence of adenosquamous carcinoma
decreased from 0.6 to 0.29/100 000 (p,0.001). The
incidence of carcinoid tumours, sarcomatoid carcinomas
and primary pulmonary sarcomas remained stable (0.44,
0.17 and 0.08/100 000, respectively).
Conclusion: The incidence of smoking-related tumours
decreased in men (especially SC and SCLC) and increased
in women (all subgroups). More patients presented with
stage IV disease. The incidence of non-smoking-related
uncommon tumours remained constant.

Lung cancer is the most common thoracic tumour,
accounting for more than 350 000 deaths annually
in Europe1 and 160 000 in the USA.2 In Europe the
age-adjusted incidence varies between 45 and 80/
100 000 for men (highest in Eastern Europe) and
between 5 and 20/100 000 for women.1 3 The ageadjusted incidence of lung cancer among men in
the USA is 50–80/100 000 and 20–55/100 000 in
women.2 3
Lung cancer is generally divided into small cell
lung cancer (SCLC) and non-small cell lung cancer
(NSCLC), the latter being subdivided into squamous carcinoma (SC), adenocarcinoma (AC) and
large cell (undifferentiated) carcinoma (LC). The
major cause of lung cancer is tobacco smoking, and
the association between lung cancer and smoking
habits is firmly defined.4
The characteristics of lung cancer are changing
worldwide.5 Changes in incidence are associated
with changes in smoking habits. The proportion of
men who smoke has declined since 1960 in most
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countries, including the Netherlands,6 7 but has
increased in Eastern Europe.1 The proportion of
women who smoke increased until the 1970s and
thereafter declined in most countries. Currently,
the proportions of men and women who smoke are
approaching each other in the Netherlands (36%
and 29% of all adults, respectively8).
Apart from the overall incidence, the relative
frequencies of the different histological subtypes of
lung cancer also seem to have changed over the last
decades. This change could partially be explained
by the introduction of the low tar filter cigarette in
the 1960s,9 because filter cigarettes require deeper
inhalation. Deeper inhalation results in a more
peripheral particle deposit and therefore a higher
probability of the more peripherally occurring AC.
In the Netherlands the filter cigarette is still
gaining popularity, especially among women.8
One could also expect changes in the distribution of disease stages at presentation due to
improvements in imaging techniques and more
thorough surgical approaches. The occurrence and
magnitude of these stage shifts is unknown.
Several other tumours are diagnosed in the lungs
with a much lower frequency than NSCLC and
SCLC. The most well known of these tumours are
carcinoid tumours, sarcomatoid carcinomas and
primary pulmonary sarcomas, all deriving from
orthotopic pulmonary tissue. The incidence—and
especially the changes in incidence—of these rare
tumours is not well defined.
The aim of the present study was to examine the
temporal trends in histological classification and
staging of lung cancer in the Netherlands over a 15year period and to determine the incidence of less
common pulmonary tumours.

METHODS
Netherlands Cancer Registry
Data were retrieved from the Netherlands Cancer
Registry (NCR). The NCR receives data from nine
regional cancer registries and has had nationwide
coverage since 1989. Completeness of case ascertainment of the NCR is over 98%.10 The database
of the NCR includes information on age, sex, year
of diagnosis, tumour topography (primary site of
origin), tumour morphology according to the
International Classifications of Disease-Oncology
(ICD-O)11 and disease stage. Information on
smoking history was not available.
This study was approved by the NCR scientific
committee and all procedures were performed
according to NCR privacy regulations.
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Pulmonary tumours in the Netherlands: focus on
temporal trends in histology and stage and on rare
tumours

Lung cancer
Patient selection

Statistical analysis
The population at risk for each year was determined from data
from Statistics Netherlands.12 Incidence rates were calculated
per 100 000 person years according to sex, histological subtype
and year of diagnosis. Incidence rates were age-standardised
using the European Standard Population as reference.3 Trends
were estimated by calculating the Estimated Annual Percentage
Change (EAPC) with a 95% confidence interval (CI). All
reported p values are two-sided; the statistical significance level
was set at a p value of ,0.05.

RESULTS
Patient characteristics
Between 1989 and 2003, 134 984 pulmonary tumours were
diagnosed in the Netherlands, of which 30 600 (22.7%) occurred
in women. The proportion of women doubled from 15.2% in
1989 to 32.0% in 2003 (p,0.001). The median age at diagnosis
was 68.6 years (IQR 60.9–72.2), 69.4 years for men and
65.0 years for women (p,0.001).

Temporal trends in histological classification
The total number of pulmonary tumours slightly increased over
time (approximately 9000 annually, EAPC +0.2%, CI 0.0% to
0.4%, p = 0.04). In men the incidence of all pulmonary tumours
together substantially decreased from 109.2/100 000 in 1989 to
71.6/100 000 in 2003 (EAPC 23.1%, CI 23.4% to 22.8%,
p,0.001). This is largely accounted for by the decrease in
incidence of SC and SCLC (from 49.0 and 19.5 to 21.2 and 11.2/
100 000, respectively; p,0.001, fig 1). The incidence of SC in
men decreased by a striking 57% over 15 years, and does not
seem to have plateaued yet. The incidence of AC remained
constant at 15.9/100 000 and the incidence of LC increased
slightly from 15.7 to 17.6/100 000 (p,0.001).
Thorax 2008;63:1096–1102. doi:10.1136/thx.2007.095067

In women the incidence of all pulmonary tumours together
increased considerably from 16.9 to 30.5/100 000 (EAPC +4.3%,
CI 4.0% to 4.7%, p,0.0001), with all histological subgroups
involved (from 3.8, 4.9, 2.7 and 4.3 to 5.0, 9.5, 5.3 and 4.8/
100 000 for SC, AC, LC and SCLC, respectively (all p,0.001,
fig 1).
Interestingly, the number of large cell neuroendocrine
carcinomas (morphology codes 8013, 8246 poorly differentiated,
and 8574) showed a steep increase in both sexes (fig 2, EAPC
+38.3%, CI 29.6% to 47.6%, p,0.0001).
Bronchioalveolar carcinoma (categorised among AC) constituted 7.3% of all AC in men and 10.3% of all AC in women. The
incidence of bronchioalveloar carcinoma was stable in men and
increased in women, which is in line with the incidence of all AC.

Temporal trends in stage distribution
In NSCLC (SC, AC and LC) the percentage of patients with
stage I disease at presentation decreased over time in men,
women and in both sexes combined (EAPC 22.7%, CI 23.4% to
22.1%, p,0.001, fig 3). The percentages of stages II and III
remained stable at approximately 6% (p = 0.28) and 35%
(p = 0.20), respectively. The percentage of patients with stage
IV at diagnosis increased (EAPC +3.9%, CI 3.1% to 4.6%,
p,0.001). These changes in stage distribution mainly occurred
after 1996 and, since approximately the year 2000, stage IV was
most commonly diagnosed. Interestingly, women generally
presented with higher disease stages, for instance 44% with
stage IV in 2003 compared with only 37% of men (p,0.001).
This difference in staging between men and women is present in
all three major histological subtypes. In addition, the proportion
of patients with NSCLC of unknown disease stage gradually
decreased from 10.3% to 3.7% (p,0.001).
These changes in stage distribution are paralleled by changes
in stage-specific incidence. The incidence of stage I NSCLC
significantly decreased from 12.0 to 7.1/100 000 (men and
women combined, EAPC 24.0%, CI 24.8% to 23.1%,
p,0.001), with a stable incidence of stage II (2.6/100 000 in
2003), a recent decrease in stage III (to 12.9/100 000) and an
increase in the incidence of stage IV to 15.2/100 000 in 2003
(EAPC +2.4%, CI 1.7% to 3.0%, p,0.001, fig 4).
Stage distribution differed between SC, AC and LC. The most
remarkable difference was the percentage of patients with stage
IV disease. From 1996 to 2003 the proportion with stage IV
disease varied between 40% and 50% for AC and LC compared
with only 25% for SC (fig 5). Stage I was more common in SC
than in AC and LC. However, the stage shift observed among
NSCLC (a decrease in stage I and increase in stage IV after 1996)
was observed in all histological subtypes.
After 1998 the percentage of patients with SCLC having
extensive disease at presentation gradually increased to 62% in
2003 (EAPC +1.7%, CI 1.3% to 2.2%, p,0.001), whereas the
frequency of both limited disease and unknown disease stage
decreased (fig 6). This trend was similar for men and women.

Other pulmonary tumours
The incidence of pulmonary tumours other than SC, AC, LC or
SCLC decreased in men (from 9.0 to 5.7/100 000, EAPC 22.4%,
CI 23.2% to 21.6%, p,0.001) and increased in women (from
1.4 to 2.3/100 000 in 2003, EAPC +3.9%, CI 2.7% to 4.8%,
p,0.0001). The overall majority in the ‘‘other’’ group consisted
of unknown or unspecified tumours (77.5% in men and women
combined). Some specific types can be discerned in this ‘‘other’’
group.
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All patients diagnosed between 1 January 1989 and 31
December 2003 with a tumour located in the trachea, bronchus
or lung (topography codes C.33 and C.34) were included.
Tumours originating in the thymus, heart, mediastinum or the
pleura (C.37 and C.38) were not included. For incidence and
disease stage evaluations, all tumours were categorised into five
categories: squamous cell carcinoma (SC; ICD-O morphology
codes 8050–8052, 8070–8078, 8083, 8084, 8094), adenocarcinoma (AC; 8140, 8200, 8230, 8250–8255 (including bronchioalveolar carcinoma), 8260, 8263, 8323, 8333, 8430, 8470, 8480–
8481, 8490, 8550, 8570), large cell undifferentiated carcinoma
(LC; 8010–8014, 8020–8021, 8046, 8082, 8090, 8123, 8246
(poorly differentiated), 8310, 8574; thereby including NSCLC
not characterised as AC or SC), small cell lung cancer (SCLC;
8041–8045) and other (remaining morphology codes). This last
category encompasses the rarer pulmonary tumours such as
adenosquamous carcinoma (8560), carcinoid tumours (8240–
8243, 8245, 8246 (well and moderately differentiated; 8249),
sarcomatoid carcinomas (pleomorphic/giant cell/spindle carcinomas) (8022, 8030–8033, 8575, 8980, 8981, 8972), primary
pulmonary sarcomas (8800–8921, 8930–8931, 8935, 8936, 8990,
8991, 9040–9044, 9120–9342, 9364–9372, 9540–9581) and
tumours with unknown or other morphology codes.
Lymphoma and leukaemia are not within the selection.
For NSCLC (SC, AC and LC), disease stage was based on the
Tumour-Node-Metastasis (TNM) classification. In the absence
of pathological TNM stage, clinical TNM was used. SCLC was
staged as limited or extensive disease.

Lung cancer

Adenosquamous carcinoma
The most common subtype in the ‘‘other’’ group was
adenosquamous carcinoma, accounting for 8.7% of all ‘‘other’’
tumours and 0.8% of all pulmonary tumours. The overall
incidence of adenosquamous carcinoma decreased. This was
caused by a decrease among men (EAPC 25.7%, CI 27.3% to
24.1%, p,0.0001); in women the incidence was constant.

Carcinoid tumour
The incidence of carcinoid tumours was constant at 0.44/
100 000 (approximately 70 each year in the Netherlands, 0.8%
of all pulmonary tumours), with a male to female ratio of 48%
to 52%. Most carcinoid tumours (94%) were classified as typical
carcinoid. Nevertheless, the percentage of atypical carcinoid
tumours is increasing (EAPC +23.6%, CI 14.3% to 33.6%,
p = 0.0001).

Sarcomatoid carcinoma
The incidence of sarcomatoid carcinomas (pleomorphic, spindle
cell and giant cell carcinomas) remained constant at 0.17/
100 000 (approximately 25 annually, 0.3% of total). The male to
female ratio of 75% to 25% also did not change. Among the
subgroups of the sarcomatoid carcinomas, the number of
spindle cell carcinomas increased at the cost of giant cell
carcinomas in both sexes.

Primary pulmonary sarcoma

Figure 1 Trends in the incidence of squamous carcinoma (SC),
adenocarcinoma (AC), large cell carcinoma (LC) and small cell lung
cancer (SCLC) among men, women and both sexes combined in the
Netherlands from 1989 to 2003. The incidence is age-adjusted to the
European Standard Population.
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Finally, each year approximately 12 primary pulmonary
sarcomas were diagnosed, with no change over time (annual
incidence 0.08/100 000, EAPC 20.6%, CI 23.4% to 2.3%,
p = 0.67). Primary pulmonary sarcomas were twice as common
in men as in women.

DISCUSSION
During the 15-year study period over 134 000 pulmonary
tumours were diagnosed in the Netherlands. This very large
number of well-defined tumours leads to a robust description of
several important temporal trends.
Thorax 2008;63:1096–1102. doi:10.1136/thx.2007.095067
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Figure 2 Number of large cell neuroendocrine carcinoma (LCNEC)
diagnosed annually in the Netherlands. In 1999 a revision of the WHO
classification of lung tumours was introduced22 with LCNEC from then on
included as a separate entity in the spectrum of neuroendocrine tumours
with non-small cell nuclear features.

Lung cancer

Figure 3 Stage distribution at diagnosis of non-small cell lung cancer
(NSCLC) (squamous carcinoma, adenocarcinoma and large cell
carcinoma) for men, women and both sexes combined.
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The most remarkable finding in our study was that, after
1996, a sudden increase in the relative proportion of patients in
stage IV was observed, with a concomitant decrease in patients
in stage I. This trend seems to continue. It is unlikely that only
patients in stage I are directly upstaged to stage IV; more
plausible is that this upstaging occurs for all stages with more
patients in stage IV in the end. One important reason for the
stage shift is the introduction of positron emission tomography
(PET) scanning. PET scanning was increasingly used in the
Netherlands during the 1990s and became standard care in most
hospitals around the year 2000. PET scanning results in the
detection of previously occult distant metastasis, thereby
upgrading patients with stage I, II or III disease to stage IV.13
The availability of better quality CT scans has probably also
resulted in upstaging. Apart from imaging, upstaging may be
the result of the increase in the proportion of AC because AC is
more prone to metastasise early in the course of the disease than
the other subtypes of NSCLC.14 We observed that over 40% of
patients with AC present in stage IV compared with only 25%
of patients with SC. Moreover, women present with higher
disease stages (for all subtypes) than men, and the number of
women with lung cancer is increasing. Our results suggest that,
currently, a higher proportion of patients is more accurately
staged compared with a decade ago. This might have implications for the frequently used historical stage-specific survival
tables for lung cancer,15 which may represent an underestimation of stage-specific survival in the current times of modern
staging techniques. Hypothetically, the observed stage shift
could be reversed if CT-based lung cancer screening was
implemented, which may lead to an increase in the number of
patients in stage I and II.
Second, we observed that the overall incidence of lung cancer
(SC, AC, LC and SCLC) in men is still decreasing (to 66/100 000
in 2003) whereas the increasing incidence in women (to 28.3/
100 000 in 2003) does not seem to be levelling off. The trends
observed in the previous overview of lung cancer in the
Netherlands (1989–97)7 are therefore continuing. The main
1099
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Figure 4 Trends in the incidence of the disease stage of non-small cell
lung cancer (squamous carcinoma, adenocarcinoma and large cell
carcinoma) in men and women combined in the Netherlands from 1989
to 2003. The incidence is age-adjusted to the European Standard
Population.

Lung cancer
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Figure 6 Stage distribution for small cell lung cancer (SCLC) at
diagnosis for men, women and both sexes combined. ED, extensive
disease; LD, limited disease.
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Figure 5 Stage distribution at diagnosis for squamous carcinoma,
adenocarcinoma and large cell carcinoma (men and women combined).

Lung cancer
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pulmonary carcinoid tumours is rising (study periods 1978–97
and 1973–91),25 26 although their observed maximal incidence is
not higher than that of the present study (1989–2003). This rise
in incidence in the 1970s and 1980s can be attributed to the
better availability of fibreoptic bronchoscopy, so it is questionable whether this observed increase is accurate. Our observation
that currently 10–15% of all carcinoid tumours are classified as
atypical is in line with other studies.23 27
Finally, our study focused on the less common pulmonary
tumours and discerned, besides the aforementioned carcinoid
tumours, three groups of uncommon tumours. Adenosquamous
carcinomas, a rare subtype of NSCLC, constituted 0.8% of all
pulmonary tumours, a little lower than the reported rate of 2.1–
4.5% for resected lung cancers.28–30 One reason for the decrease
in incidence of this smoking-related type of lung cancer with a
poor prognosis probably lies in the decrease in smoking
frequency. The sarcomatoid tumours are a heterogeneous group
of smoking-related poorly differentiated aggressive tumours.31
With a decrease in smoking, a decrease in the incidence of these
tumours is expected, but this was not observed probably
because of the low overall numbers. The last subgroup of
uncommon pulmonary tumours was the primary pulmonary
sarcomas which represented approximately 0.1% of all pulmonary tumours, with a stable incidence. These rare tumours are
not smoking-related and mostly comprise angiosarcoma, leiomyosarcoma and rhabdomyosarcoma.32 No causal factor is
known.
In conclusion, this large study showed an increase in the
incidence of lung cancer in women and a significant decrease in
the number of SC. AC is rapidly becoming the most common
subtype. A remarkable stage shift was observed, with a still
increasing proportion of stage IV disease at diagnosis which
could be explained by the increased availability of PET scanning.
The incidence of less common non-smoking-related pulmonary
tumours did not change.
Funding: This study was supported by the Netherlands Cancer Registry (NCR). No
specific funding was available for this study.
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reason for these trends probably lies in the change in smoking
habits. Since 1960 the percentage of men who smoked has
decreased dramatically. In women the percentage who smoked
increased in the 1950s and 1960s and thereafter decreased, albeit
not so dramatically as in men. Because the time between the
onset of smoking and the onset of lung cancer is relatively long,
this decrease in smoking still has an effect. It is estimated that
half of all lung cancers nowadays occur in former smokers.
Currently, the incidence of lung cancer in the Netherlands is
among the highest in Europe, but the highest incidence rates are
observed in Eastern Europe.1 This is paralleled by the smoking
rates, which are high in the Netherlands, but even higher in
Eastern Europe.16 17
Several international studies have previously described
changes in the epidemiology of NSCLC1 5 18 19 and linked them
to changes in (past) smoking rates. The temporal changes in
incidence observed in the Netherlands occur more or less
similarly throughout the Western World. These trends occur
later in Eastern Europe because smoking cessation measures
were started later.17 Because the decrease in smoking rates
among men and the increase in smoking among women started
earlier in the USA than in Europe,5 19 the current incidence of
lung cancer in the USA may reflect the future incidence in
Europe in the coming decade.
Third, we observed that the distribution of the histological
subtypes of lung cancer was significantly different between men
and women and changed over time. In men, SC was formerly by
far the most common subtype and, although the incidence has
decreased, it is still the most common type in men followed by
LC, AC and SCLC. In women all four subtypes increased, with
AC being by far the most common type and SC the least
common type. These changes could also be linked to changes in
smoking habits. With less smoking, the number of tumours
most strongly associated with smoking (SC and SCLC20) tend to
decrease, whereas the number of lung cancers less strongly
associated with smoking such as AC (also the most common
subtype in lung cancer in never-smokers21) tend (relatively) to
increase. Apart from the percentage of smokers, it is likely that
the introduction of filter cigarettes—which were more popular
among women than among men—is responsible for the relative
increase in the proportion of AC, especially among women.9
Filter cigarettes require deeper inhalation than non-filter
cigarettes, causing a more peripheral particle deposition and
therefore a predilection for peripherally occurring tumours (AC)
instead of more central tumours (SC). In the Netherlands, filter
cigarettes are still more popular than non-filter cigarettes. In
2003, 73% of smoking men smoked normal filter cigarettes, 14%
low-tar filter cigarettes and 11% non-filter cigarettes. In women
these percentages were 66%, 29% and 4%, respectively.8
Neuroendocrine neoplasms of the lung include (a)typical
carcinoids, large cell neuroendocrine carcinoma (LCNEC) and
SCLC, constituting a prognostic spectrum.22 23 The fourth
finding of our study was a steep increase after 1999 in the
number of LCNEC. It is likely that this is because LCNEC were
classified separately from SCLC in the 1999 revision of
pathological classification.22 Also, the more frequent use of
immunohistochemistry aimed at neural and endocrine markers
could have caused the increasing number of neuroendocrine
carcinomas. It is unknown whether this steep increase in the
number of neuroendocrine carcinomas will continue. Carcinoid
tumours constituted 0.8% of all pulmonary tumours, which is
in line with other reports.24 25 In our study the incidence of
carcinoid tumours did not change (0.44/100 000 for men and
women together). Older studies suggest that the incidence of
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Lung alert
Increasing incidence of pulmonary embolism
The introduction of investigations like spiral CT scanning and D-dimer assay have altered the
outcome of patients with pulmonary embolism in recent years. This study aimed to determine
whether there had been a significant improvement in the diagnosis of pulmonary embolism and,
consequently, a reduction in mortality with the advent of spiral CT.
The study population consisted of inpatients in Pennsylvania, USA between 1997 and 2001.
Pregnant patients and those with pulmonary embolism admitted for the second time or later
were excluded. The authors calculated the incidence of pulmonary embolism per year,
population risk, proportion of patients undergoing scanning and inhospital mortality. The
incidence of pulmonary embolism as well as population risk increased steadily from 1997 to 2001,
with a mean increase of 0.004% per year for the former and 0.008% for the latter (p,0.001 for
both). There was also a significant increase in the proportion of patients undergoing CT
scanning, particularly spiral CT, which accounted for 71.2% of the scans in 2001 compared with
30.3% in 1997. The proportion of inhospital deaths was significantly lower in 2000 and
subsequently than in the years up to and including 1999.
This study has highlighted the possibility of a rising incidence of pulmonary embolism due to
spiral CT scanning leading to the increased diagnosis of small emboli—many of unclear
significance. However, it is difficult to assess the role of other factors such as changes in
physician index of suspicion. There is a need for further studies to look specifically at the
relevance of such emboli and their long-term outcome.
c
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J Med 2008;121:611–7
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